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ia T Preface
III\EJ)S(’?FS{UMENTS Read This First

About This Manual

This Technical Reference Manual (TRM) details the integration, the environment, the functional description, and
the programming models for each peripheral and subsystem in the device.

The TRM should not be considered a substitute for the data manual, rather a companion guide that should be
used alongside the device-specific data manual to understand the details to program the device. The primary
purpose of the TRM is to abstract the programming details of the device from the data manual. This allows
the data manual to outline the high-level features of the device without unnecessary information about register
descriptions or programming models.

Notational Conventions

This document uses the following conventions.
» Hexadecimal numbers can be shown with the suffix h or the prefix Ox. For example, the following number is

40 hexadecimal (decimal 64): 40h or 0x40.

* Registers in this document are shown in figures and described in tables.

— Each register figure shows a rectangle divided into fields that represent the fields of the register. Each field
is labeled with its bit name, its beginning and ending bit numbers above, and its read/write properties with
default reset value below. A legend explains the notation used for the properties.

— Reserved bits in a register figure can have one of multiple meanings:

* Not implemented on the device
» Reserved for future device expansion
» Reserved for Tl testing
» Reserved configurations of the device that are not supported
— Writing nondefault values to the Reserved bits could cause unexpected behavior and should be avoided.

Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

Related Documentation From Texas Instruments

For a complete listing of related documentation and development-support tools for these devices, visit the Texas
Instruments website at http://www.ti.com.

Additionally, the TMS320C28x DSP CPU and Instruction Set Reference Guide and the TMS320C28x Floating
Point Unit and Instruction Set Reference Guide must be used in conjunction with this TRM.

Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

Trademarks
TI E2E™ and Code Composer Studio™ are trademarks of Texas Instruments.
All trademarks are the property of their respective owners.
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ia T Chapter 1
INSTRUMENTS System Control and Interrupts

This chapter describes how various system controls and interrupts work and provides information on the:

* Flash and one-time programmable (OTP) memories

» Code security module (CSM), which is a security feature

* Clocking mechanisms including the oscillator, PLL, XCLKOUT, watchdog module, and the low-power modes.
In addition, the 32-bit CPU timers are also described.

*  GPIO multiplexing (MUX) registers used to select the operation of shared pins on the device

* Accessing the peripheral frames to write to and read from various peripheral registers on the device

» Interrupt sources both external and the peripheral interrupt expansion (PIE) block that multiplexes numerous
interrupt sources into a smaller set of interrupt inputs

1.1 FIash @nd OTP IMEMOTY.........cooiiiiiiiiii ettt ettt e e e ae et e e bt e e sttt e eae e e e eabe e e e st et e eane e e aabeeesnneeenanneeanneenans 32
1.2 Code Security MOAUIE (CSIM)....... ..ottt ettt e e bt e et e sab e e e bt e e aat et e eas e e e e bt e e e aab et e eanneeeanbeeeenneeennnes 44
I 03 o T o1 (1 [ PRSPPI 54
1.4 General-Purpose INput/OUutput (GPIO).............c.uiiiiiiiie ettt e st e e st e e s eaeeeesnbeeesnneesanneeeanneeenans 95
1.5 Peripheral FrameES............oooooiiiiiiii ittt ettt et ee e e e e e e e e e e e e ee e e e e e aanaaaaesesassseeeeaeaaaaaaaaaaeaaeaeaeaaaaaannnnnnnnnnnnns 140
1.6 Peripheral Interrupt EXpansion (PIE)............c.oooiiiiiiiiiiiiie ettt e e et e e et e e eente e e snaeeeanneeeaanneeeanneeeaneeeennnes 151
B A V= =70 27/ 20 ] o 178
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1.1 Flash and OTP Memory

This section describes the proper sequence to configure the wait states and operating mode of flash and
one-time programmable (OTP) memories. It also includes information on flash and OTP power modes and how
to improve flash performance by enabling the flash pipeline mode.

1.1.1 Flash Memory

The on-chip flash is uniformly mapped in both program and data memory space. This flash memory is always
enabled and features:

Multiple sectors

The minimum amount of flash memory that can be erased is a sector. Having multiple sectors provides the
option of leaving some sectors programmed and only erasing specific sectors.
Code security

The flash is protected by the Code Security Module (CSM). By programming a password into the flash, the
user can prevent access to the flash by unauthorized persons. See Section 1.2 for information in using the
Code Security Module.

Low power modes

To save power when the flash is not in use, two levels of low power modes are available. See Section 1.1.3
for more information on the available flash power modes.
Configurable wait states

Configurable wait states can be adjusted based on CPU frequency to give the best performance for a given
execution speed.
Enhanced performance

A flash pipeline mode is provided to improve performance of linear code execution.

1.1.2 OTP Memory

The 1K x 16 block of one-time programmable (OTP) memory is uniformly mapped in both program and
data memory space. Thus, the OTP can be used to program data or code. This block, unlike flash, can be
programmed only one time and cannot be erased.
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1.1.3 Flash and OTP Power Modes
The following operating states apply to the flash and OTP memory:
* Reset or Sleep State

This is the state after a device reset. In this state, the bank and pump are in a sleep state (lowest power).
When the flash is in the sleep state, a CPU data read or opcode fetch to the flash or OTP memory map area
will automatically initiate a change in power modes to the standby state and then to the active state. During
this transition time to the active state, the CPU will automatically be stalled. Once the transition to the active
state is completed, the CPU access will complete as normal.

+ Standby State

In this state, the bank and pump are in standby power mode state. This state uses more power than the sleep
state, but takes a shorter time to transition to the active or read state. When the flash is in the standby state,
a CPU data read or opcode fetch to the flash or OTP memory map area will automatically initiate a change in
power modes to the active state. During this transition time to the active state, the CPU will automatically be
stalled. Once the flash/OTP has reached the active state, the CPU access will complete as normal.

* Active or Read State

In this state, the bank and pump are in active power mode state (highest power). The CPU read or fetch
access wait states to the flash/OTP memory map area is controlled by the FBANKWAIT and FOTPWAIT
registers. A prefetch mechanism called flash pipeline can also be enabled to improve fetch performance for
linear code execution.

Note

During the boot process, the Boot ROM performs a dummy read of the Code Security Module (CSM)
password locations located in the flash. This read is performed to unlock a new or erased device
that has no password stored in it so that flash programming or loading of code into CSM protected
SARAM can be performed. On devices with a password stored, this read has no effect and the CSM
remains locked (see Section 1.2 for information on the CSM). One effect of this read is that the flash
will transition from the sleep (reset) state to the active state.

The flash/OTP bank and pump are always in the same power mode. See Figure 1-1 for a graphic depiction of
the available power states. You can change the current flash/OTP memory power state as follows:

* To move to a lower power state

Change the PWR mode bits from a higher power mode to a lower power mode. This change instantaneously
moves the flash/OTP bank to the lower power state. This register should be accessed only by code running
outside the flash/OTP memory.

* To move to a higher power state

To move from a lower power state to a higher power state, there are two options.

1. Change the FPWR register from a lower state to a higher state. This access brings the flash/OTP
memory to the higher state.

2. Access the flash or OTP memory by a read access or program opcode fetch access. This access
automatically brings the flash/OTP memory to the active state.

There is a delay when moving from a lower power state to a higher one. See Figure 1-1. This delay is required to
allow the flash to stabilize at the higher power mode. If any access to the flash/OTP memory occurs during this
delay the CPU automatically stalls until the delay is complete.
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Highest
Active power
state 4
Delay Delay
FACTIVEWAIT FACTIVEWAIT
cycles cycles
PWR=1,1
or access to
PWR=0,0 Standby the Flash/OTP
state
Delay Delay
FSTDBYWAIT FSTDBYWAIT
cycles cycles
PWR=0,1
PWR=1,1 Lowest power
or access to Longest
the Flash/OTP Wake up time

Figure 1-1. Flash Power Mode State Diagram

The duration of the delay is determined by the FSTDBYWAIT and FACTIVEWAIT registers. Moving from

the sleep state to a standby state is delayed by a count determined by the FSTDBYWAIT register. Moving
from the standby state to the active state is delayed by a count determined by the FACTIVEWAIT register.
Moving from the sleep mode (lowest power) to the active mode (highest power) is delayed by FSTDBYWAIT +
FACTIVEWAIT. These registers should be left in their default state.

1.1.3.1 Flash and OTP Performance
CPU read or data fetch operations to the flash/OTP can take one of the following forms:

» 32-bit instruction fetch
* 16-bit or 32-bit data space read
* 16-bit program space read

Once flash is in the active power state, then a read or fetch access to the bank memory map area can be
classified as a flash access or an OTP access.

The main flash array is organized into rows and columns. The rows contain 2048 bits of information. Accesses to
flash and OTP are one of three types:

1. Flash Memory Random Access

The first access to a 2048 bit row is considered a random access.
2. Flash Memory Paged Access

While the first access to a row is considered a random access, subsequent accesses within the same row
are termed paged accesses.

The number of wait states for both a random and a paged access can be configured by programming the
FBANKWAIT register. The number of wait states used by a random access is controlled by the RANDWAIT
bits and the number of wait states used by a paged access is controlled by the PAGEWAIT bits. The

34 TMS320F2803x Microcontrollers SPRUI10A — DECEMBER 2018 — REVISED JUNE 2022
Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUI10
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUI10A&partnum=F2803X

13 TEXAS
INSTRUMENTS

www.ti.com System Control and Interrupts

FBANKWAIT register defaults to a worst-case wait state count and, thus, needs to be initialized for the
appropriate number of wait states to improve performance based on the CPU clock rate and the access time
of the flash. The flash supports 0-wait accesses when the PAGEWAIT bits are set to zero. This assumes
that the CPU speed is low enough to accommodate the access time. To determine the random and paged
access time requirements, refer to the Data Manual for your particular device.

3. OTP Access

Read or fetch accesses to the OTP are controlled by the OTPWAIT bits in the FOTPWAIT register. Accesses
to the OTP take longer than the flash and there is no paged mode. To determine OTP access time
requirements, see the data manual for your particular device.

Some other points to keep in mind when working with flash:

* CPU writes to the flash or OTP memory map area are ignored. They complete in a single cycle.

*  When the Code Security Module (CSM) is secured, reads to the flash/OTP memory map area from outside
the secure zone take the same number of cycles as a normal access. However, the read operation returns a
zero.

* Reads of the CSM password locations are hardwired for 16 wait-states. The PAGEWAIT and RANDOMWAIT
bits have no effect on these locations. See Section 1.2 for more information on the CSM.

1.1.3.2 Flash Pipeline Mode

Flash memory is typically used to store application code. During code execution, instructions are fetched from
sequential memory addresses, except when a discontinuity occurs. Usually the portion of the code that resides
in sequential addresses makes up the majority of the application code and is referred to as linear code. To
improve the performance of linear code execution, a flash pipeline mode has been implemented. The flash
pipeline feature is disabled by default. Setting the ENPIPE bit in the FOPT register enables this mode. The flash
pipeline mode is independent of the CPU pipeline.

An instruction fetch from the flash or OTP reads out 64 bits per access. The starting address of the access from
flash is automatically aligned to a 64-bit boundary such that the instruction location is within the 64 bits to be
fetched. With flash pipeline mode enabled (see Figure 1-2), the 64 bits read from the instruction fetch are stored
in a 64-bit wide by 2-level deep instruction prefetch buffer. The contents of this prefetch buffer are then sent to
the CPU for processing as required.

Up to two 32-bit instructions or up to four 16-bit instructions can reside within a single 64-bit access. The majority
of C28x instructions are 16 bits, so for every 64-bit instruction fetch from the flash bank it is likely that there

are up to four instructions in the prefetch buffer ready to process through the CPU. During the time it takes to
process these instructions, the flash pipeline automatically initiates another access to the flash bank to prefetch
the next 64 bits. In this manner, the flash pipeline mode works in the background to keep the instruction prefetch
buffers as full as possible. Using this technique, the overall efficiency of sequential code execution from flash or
OTP is improved significantly.
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Flash and OTP

Flash Pipeline
Instruction buffer
Flash or OTP
/ _ _ Read
Instruction Fetch | 04-Pit | 64-bit (64 bits)
— | Buffer | Buffer
M
CPU 32hits | U
X
\% Data read from either program or data memory

Figure 1-2. Flash Pipeline

The flash pipeline prefetch is aborted only on a PC discontinuity caused by executing an instruction such as a
branch, BANZ, call, or loop. When this occurs, the prefetch is aborted and the contents of the prefetch buffer are
flushed. There are two possible scenarios when this occurs:

1. If the destination address is within the flash or OTP, the prefetch aborts and then resumes at the destination
address.

2. If the destination address is outside of the flash and OTP, the prefetch is aborted and begins again only
when a branch is made back into the flash or OTP. The flash pipeline prefetch mechanism only applies to
instruction fetches from program space. Data reads from data memory and from program memory do not
utilize the prefetch buffer capability and thus bypass the prefetch buffer. For example, instructions such as
MAC, DMAC, and PREAD read a data value from program memory. When this read happens, the prefetch
buffer is bypassed but the buffer is not flushed. If an instruction prefetch is already in progress when a data
read operation is initiated, then the data read will be stalled until the prefetch completes.

1.1.3.3 Reserved Locations Within Flash and OTP
When allocating code and data to flash and OTP memory, keep the following in mind:

1. Address locations 0x3F 7FF6 and 0x3F 7FF7 are reserved for an entry into flash branch instruction. When
the boot to flash boot option is used, the boot ROM will jump to address Ox3F 7FF6. If you program a branch
instruction here that will then redirect code execution to the entry point of the application.

2. For code security operation, all addresses between 0x3F 7F80 and 0x3F 7FF5 cannot be used for program
code or data, but must be programmed to 0x0000 when the Code Security Password is programmed.If
the code security feature is not used, addresses 0x3F7F80 to 0Ox3F7FEF may be used for code or data.
Addresses 0x3F7FF0 to 0x3F7FF5 are reserved for data and should not contain program code. See Section
1.2 for information in using the Code Security Module.
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1.1.3.4 Procedure to Change the Flash Configuration Registers

During flash configuration, no accesses to the flash or OTP can be in progress. This includes instructions still in
the CPU pipeline, data reads, and instruction prefetch operations. To be sure that no access takes place during

the configuration change, you should follow the procedure shown in Figure 1-3 for any code that modifies the

FOPT, FPWR, FBANKWAIT, or FOTPWAIT registers.

Branch or call to

SARAM, Flash, OTP . .
configuration code

Begin Flash configuration
change

SARAM

Do not execute from
Flash/OTP

Flash configuration
change

Wait 8 cycles (8 NOPs)

(Return to calling functioD

SARAM, Flash,

or OTP Continue execution

Branch or call is required to properly flush the
CPU pipeline before the configuration
change.

The function that changes the configuration
cannot execute from the Flash or OTP.

Write instructions to FOPT, FBANKWAIT,
etc.

Wait eight cycles to let the write instructions
propagate through the CPU pipeline. This
must be done before the return-from-function
call is made.

Figure 1-3. Flash Configuration Access Flow Diagram
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1.1.4 Flash and OTP Registers

The flash and OTP memory can be configured by the registers shown in Table 1-1. The configuration registers
are all EALLOW protected.

Table 1-1. Flash/OTP Configuration Registers

Name(!) (2) Address Size (x16) Description Bit Description
FOPT 0x0A80 1 Flash Option Register Section 1.1.4.1

Reserved 0x0A81 1 Reserved -

FPWR 0x0A82 1 Flash Power Modes Register Section 1.1.4.2

FSTATUS 0x0A83 1 Status Register Section 1.1.4.3

FSTDBYWAIT ) 0x0A84 1 Flash Sleep To Standby Wait Register Section 1.1.4.4

FACTIVEWAIT ® 0x0A85 1 Flash Standby To Active Wait Register Section 1.1.4.5

FBANKWAIT 0x0A86 1 Flash Read Access Wait State Register Section 1.1.4.6

FOTPWAIT 0x0A87 1 OTP Read Access Wait State Register Section 1.1.4.7

(M
(2
@)

These registers are EALLOW protected. See Section 1.5.2 for information.
These registers are protected by the Code Security Module (CSM). See Section 1.2 for more information.
These registers should be left in their default state.

Note

The flash configuration registers should not be written to by code that is running from OTP or flash
memory or while an access to flash or OTP may be in progress. All register accesses to the flash
registers should be made from code executing outside of flash/OTP memory and an access should
not be attempted until all activity on the flash/OTP has completed. No hardware is included to protect
against this.

To summarize, you can read the flash registers from code executing in flash/OTP; however, do not
write to the registers.

CPU write access to the flash configuration registers can be enabled only by executing the EALLOW instruction.
Write access is disabled when the EDIS instruction is executed. This protects the registers from spurious
accesses. Read access is always available. The registers can be accessed through the JTAG port without the
need to execute EALLOW. See Section 1.5.2 for information on EALLOW protection. These registers support
both 16-bit and 32-bit accesses.
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1.1.4.1 Flash Options Register (FOPT)
Figure 1-4. Flash Options Register (FOPT)

15 1 0
Reserved \ ENPIPE \
R-0 RIW-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-2. Flash Options Register (FOPT) Field Descriptions

Bit Field Value Description (1) (2 ()
15-1 |Reserved Any writes to these bit(s) must always have a value of 0.
0 ENPIPE Enable Flash Pipeline Mode Bit. Flash pipeline mode is active when this bit is set. The pipeline

mode improves performance of instruction fetches by prefetching instructions. See Section 1.1.3.2
for more information.

When pipeline mode is enabled, the flash wait states (paged and random) must be greater than

zero.

On flash devices, ENPIPE affects fetches from flash and OTP.
0 Flash Pipeline mode is not active. (default)
1 Flash Pipeline mode is active.

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.
(2) This register is protected by the Code Security Module (CSM). See Section 1.2 for more information.
(3)  When writing to this register, follow the procedure described in Section 1.1.3.4.

1.1.4.2 Flash Power Register (FPWR)

Figure 1-5. Flash Power Register (FPWR)
15 2 1 0

Reserved PWR

R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-3. Flash Power Register (FPWR) Field Descriptions

Bit Field Value Description (1) 2
15-2 |Reserved Any writes to these bit(s) must always have a value of 0.
1-0 PWR Flash Power Mode Bits. Writing to these bits changes the current power mode of the flash bank

and pump. See Section 1.1.3 for more information on changing the flash bank power mode.
00 Pump and bank sleep (lowest power)

01 Pump and bank standby

10 Reserved (no effect)

11 Pump and bank active (highest power)

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.
(2) This register is protected by the Code Security Module (CSM). See Section 1.2 for more information.
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1.1.4.3 Flash Status Register (FSTATUS)
Figure 1-6. Flash Status Register (FSTATUS)
15 9 8
Reserved 3VSTAT
R-0 R/W1C-0
7 4 3 2 1 0
Reserved ACTIVEWAITS | STDBYWAITS PWRS
R-0 R-0 R-0 R-0
LEGEND: R/W = Read/Write; R = Read only; W1C = Write 1 to clear; -n = value after reset

Table 1-4. Flash Status Register (FSTATUS) Field Descriptions

Bit Field Value Description (1) 2

15-9 |Reserved Any writes to these bit(s) must always have a value of 0.

8 3VSTAT Flash Voltage (VppaveL) Status Latch Bit. When set, this bit indicates that the 3VSTAT signal from
the pump module went to a high level. This signal indicates that the flash 3.3-V supply went out of
the allowable range.

0 Writes of 0 are ignored.
1 When this bit reads 1, it indicates that the flash 3.3-V supply went out of the allowable range.
Clear this bit by writing a 1.

7-4  |Reserved Any writes to these bit(s) must always have a value of 0.

3 ACTIVEWAITS Bank and Pump Standby To Active Wait Counter Status Bit. This bit indicates whether the
respective wait counter is timing out an access.

0 The counter is not counting.
1 The counter is counting.

2 STDBYWAITS Bank and Pump Sleep To Standby Wait Counter Status Bit. This bit indicates whether the

respective wait counter is timing out an access.
0 The counter is not counting.
1 The counter is counting.

1-0 |PWRS Power Modes Status Bits. These bits indicate which power mode the flash/OTP is currently in.
The PWRS bits are set to the new power mode only after the appropriate timing delays have
expired.

00 Pump and bank in sleep mode (lowest power)

01 Pump and bank in standby mode

10 Reserved

11 Pump and bank active and in read mode (highest power)

M
)

This register is EALLOW protected. See Section 1.5.2 for more information.
This register is protected by the Code Security Module (CSM). See Section 1.2 for more information.
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1.1.4.4 Flash Standby Wait Register (FSTDBYWAIT)

Figure 1-7. Flash Standby Wait Register (FSTDBYWAIT)
15 9 8 0

Reserved \ STDBYWAIT

R-0 R/W-0x1FF
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-5. Flash Standby Wait Register (FSTDBYWAIT) Field Descriptions

Bit Field Value Description (1) (2)
15-9 |Reserved Any writes to these bit(s) must always have a value of 0.
8-0 |STDBYWAIT This register should be left in its default state.

Bank and Pump Sleep To Standby Wait Count.
Ox1FF 511 SYSCLKOUT cycles (default)

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.
(2) This register is protected by the Code Security Module (CSM). See Section 1.2 for more information.

1.1.4.5 Flash Standby to Active Wait Counter Register (FACTIVEWAIT)

Figure 1-8. Flash Standby to Active Wait Counter Register (FACTIVEWAIT)
15 9 8 0

Reserved \ ACTIVEWAIT

R-0 R/W-0x1FF
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-6. Flash Standby to Active Wait Counter Register (FACTIVEWAIT) Field Descriptions

Bits Field Value Description (1) (2)
15-9 |Reserved Any writes to these bit(s) must always have a value of 0.
8-0 |ACTIVEWAIT This register should be left in its default state.

Bank and Pump Standby To Active Wait Count:
Ox1FF 511 SYSCLKOUT cycles (default)

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.
(2) This register is protected by the Code Security Module (CSM). See Section 1.2 for more information.
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1.1.4.6 Flash Wait-State Register (FBANKWAIT)
Figure 1-9. Flash Wait-State Register (FBANKWAIT)
15 12 11 8 7 4 3 0
Reserved | PAGEWAIT | Reserved | RANDWAIT
R-0 R/W-0xF R-0 R/W-0xF
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 1-7. Flash Wait-State Register (FBANKWAIT) Field Descriptions
Bits Field Value Description (1) (2 ()
15-12 |Reserved Any writes to these bit(s) must always have a value of 0.
11-8 |PAGEWAIT Flash Paged Read Wait States. These register bits specify the number of wait states for a paged read

operation in CPU clock cycles (0..15 SYSCLKOUT cycles) to the flash bank. See Section 1.1.3.1 for
more information.

See the device-specific data manual for the minimum time required for a PAGED flash access.

You must set RANDWAIT to a value greater than or equal to the PAGEWAIT setting. No hardware is
provided to detect a PAGEWAIT value that is greater than RANDWAIT.

0000 |Zero wait-state per paged flash access or one SYSCLKOUT cycle per access
0001 |One wait state per paged flash access or a total of two SYSCLKOUT cycles per access
0010 | Two wait states per paged flash access or a total of three SYSCLKOUT cycles per access

0011 | Three wait states per paged flash access or a total of four SYSCLKOUT cycles per access

1111 15 wait states per paged flash access or a total of 16 SYSCLKOUT cycles per access. (default)

7-4 |Reserved Any writes to these bit(s) must always have a value of 0.

3-0 |RANDWAIT Flash Random Read Wait States. These register bits specify the number of wait states for a random
read operation in CPU clock cycles (1..15 SYSCLKOUT cycles) to the flash bank. See Section
1.1.3.1 for more information.

See the device-specific data manual for the minimum time required for a RANDOM flash access.

RANDWAIT must be set greater than 0. That is, at least 1 random wait state must be used. In
addition, you must set RANDWAIT to a value greater than or equal to the PAGEWAIT setting. The
device will not detect and correct a PAGEWAIT value that is greater than RANDWAIT.

0000 |lllegal value. RANDWAIT must be set greater than 0.
0001 | One wait state per random flash access or a total of two SYSCLKOUT cycles per access.
0010 | Two wait states per random flash access or a total of three SYSCLKOUT cycles per access.

0011 | Three wait states per random flash access or a total of four SYSCLKOUT cycles per access.

1111 15 wait states per random flash access or a total of 16 SYSCLKOUT cycles per access. (default)

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.
(2) This register is protected by the Code Security Module (CSM). See Section 1.2 for more information.
(3) When writing to this register, follow the procedure described in Section 1.1.3.4.
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1.1.4.7 OTP Wait-State Register (FOTPWAIT)

15

Figure 1-10. OTP Wait-State Register (FOTPWAIT)
5 4 0

Reserved \ OTPWAIT

R-0 R/W-0x1F

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-8. OTP Wait-State Register (FOTPWAIT) Field Descriptions

Bits

Field

Value

Description () 2) 3)

15-5 |Reserved

Any writes to these bit(s) must always have a value of 0.

4-0

OTPWAIT

00000
00001
00010
00011

11111

OTP Read Wait States. These register bits specify the number of wait states for a read operation in
CPU clock cycles (1..31 SYSCLKOUT cycles) to the OTP. See CPU Read Or Fetch Access From
flash/OTP section for details. There is no PAGE mode in the OTP.

OTPWAIT must be set greater than 0. That is, a minimum of 1 wait state must be used. See the
device-specific data manual for the minimum time required for an OTP access.

lllegal value. OTPWAIT must be set to 1 or greater.
One wait state will be used each OTP access for a total of two SYSCLKOUT cycles per access.
Two wait states will be used for each OTP access for a total of three SYSCLKOUT cycles per access.

Three wait states will be used for each OTP access for a total of four SYSCLKOUT cycles per access.

31 wait states will be used for an OTP access for a total of 32 SYSCLKOUT cycles per access.

M
(2
(©)

This register is EALLOW protected. See Section 1.5.2 for more information.
This register is protected by the Code Security Module (CSM). See Section 1.2 for more information.
When writing to this register, follow the procedure described in Section 1.1.3.4.
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1.2 Code Security Module (CSM)

The code security module (CSM) is a security feature incorporated in 28x devices. It prevents access or
visibility to on-chip memory to unauthorized persons. In other words, it prevents duplication as well as reverse
engineering of proprietary code.

The word secure means access to on-chip memory is protected. The word unsecure means access to on-chip
secure memory is not protected — that is, the contents of the memory could be read by any means (for example,
through a debugging tool such as the Code Composer Studio™ IDE).

1.2.1 Functional Description

The security module restricts the CPU access to certain on-chip memory without interrupting or stalling CPU
execution. When a read occurs to a protected memory location, the read returns a zero value and CPU
execution continues with the next instruction. This, in effect, blocks read and write access to various memories
through the JTAG port or external peripherals. Security is defined with respect to the access of on-chip memory
and prevents unauthorized copying of proprietary code or data.

The device is secure when CPU access to the on-chip secure memory locations is restricted. When secure,

two levels of protection are possible, depending on where the program counter is currently pointing. If code is
currently running from inside secure memory, only an access through JTAG is blocked (that is, through the JTAG
debug probe). This allows secure code to access secure data. Conversely, if code is running from nonsecure
memory, all accesses to secure memories are blocked. User code can dynamically jump in and out of secure
memory, thereby allowing secure function calls from nonsecure memory. Similarly, interrupt service routines can
be placed in secure memory, even if the main program loop is run from nonsecure memory.

Security is protected by a password of 128 bits of data (eight 16-bit words) that is used to secure or unsecure the
device. This password is stored at the end of flash in 8 words referred to as the password locations.

The device is unsecured by executing the password match flow (PMF), described in Section 1.2.3.2. The levels
of security are shown in Table 1-9.

Table 1-9. Security Levels

PMF Executed Operating Mode Program Fetch Security Description
With Correct Location
Password?

No Secure Outside secure memory Only instruction fetches by the CPU are allowed to secure
memory. In other words, code can still be executed, but not
read

No Secure Inside secure memory CPU has full access.

JTAG port cannot read the secured memory contents.
Yes Not Secure Anywhere Full access for CPU and JTAG port to secure memory

The password is stored in code security password locations (PWL) in flash memory (0x3F 7FF8 - 0x3F 7FFF).
These locations store the password predetermined by the system designer.

If the password locations have all 128 bits as ones, the device is labeled unsecure. Since new flash devices
have erased flash (all ones), only a read of the password locations is required to bring the device into unsecure
mode. If the password locations have all 128 bits as zeros, the device is secure, regardless of the contents of
the KEY registers. Do not use all zeros as a password or reset the device during an erase of the flash. Resetting
the device during an erase routine can result in either an all zero or unknown password. If a device is reset when
the password locations are all zeros, the device cannot be unlocked by the password match flow described in
Section 1.2.3.2. Using a password of all zeros will seriously limit your ability to debug secure code or reprogram
the flash.

44 TMS320F2803x Microcontrollers SPRUI10A — DECEMBER 2018 — REVISED JUNE 2022
Submit Document Feedback
Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUI10
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUI10A&partnum=F2803X

13 TEXAS
INSTRUMENTS

www.ti.com System Control and Interrupts

Note
If a device is reset while the password locations are all zero or an unknown value, the device will be
permanently locked unless a method to run the flash erase routine from secure SARAM is embedded
into the flash or OTP. You must take care when implementing this procedure to avoid introducing a
security hole.

User accessible registers (eight 16-bit words) that are used to unsecure the device are referred to as key
registers. These registers are mapped in the memory space at addresses 0x00 OAEOQ - 0x00 OAE7 and are
EALLOW protected.

In addition to the CSM, the emulation code security logic (ECSL) has been implemented to prevent unauthorized
users from stepping through secure code. Any code or data access to flash, user OTP, LO memory while the
JTAG debug probe is connected will trip the ECSL and break the emulation connection. To allow emulation of
secure code, while maintaining the CSM protection against secure memory reads, you must write the correct
value into the lower 64 bits of the KEY register, which matches the value stored in the lower 64 bits of the
password locations within the flash. Note that dummy reads of all 128 bits of the password in the flash must still
be performed. If the lower 64 bits of the password locations are all ones (unprogrammed), then the KEY value
does not need to match.

When initially debugging a device with the password locations in flash programmed (that is, secured), the JTAG
debug probe takes some time to take control of the CPU. During this time, the CPU will start running and may
execute an instruction that performs an access to a protected ECSL area. If this happens, the ECSL will trip and
cause the JTAG debug probe connection to be cut. Two solutions to this problem exist:

1. The firstis to use the Wait-In-Reset emulation mode, which will hold the device in reset until the JTAG debug
probe takes control. The JTAG debug probe must support this mode for this option.

2. The second option is to use the “Branch to check boot mode” boot option. This will sit in a loop and
continuously poll the boot mode select pins. You can select this boot mode and then exit this mode once the
JTAG debug probe is connected by re-mapping the PC to another address or by changing the boot mode
selection pin to the desired boot mode.

Note
Reserved Flash Locations When Using Code Security

For code security operation, all addresses between 0x3F 7F80 and 0x3F 7FF5 cannot be used as
program code or data, but must be programmed to 0x0000 when the Code Security Password is
programmed. If security is not a concern, then these addresses may be used for code or data. The
128-bit password (at Ox3F 7FF8 - 0x3F 7FFF) must not be programmed to zeros. Doing so would
permanently lock the device.

Addresses 0x3F 7FFO0 through 0x3F 7FF5 are reserved for data variables and should not contain
program code.
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Note
Code Security Module Disclaimer

The Code Security Module ( CSM ) included on this device was designed to password protect the
data stored in the associated memory and is warranted by Texas Instruments (TI), in accordance with
its standard terms and conditions, to conform to TI's published specifications for the warranty period
applicable for this device.

TI DOES NOT, HOWEVER, WARRANT OR REPRESENT THAT THE CSM CANNOT BE
COMPROMISED OR BREACHED OR THAT THE DATA STORED IN THE ASSOCIATED MEMORY
CANNOT BE ACCESSED THROUGH OTHER MEANS. MOREOVER, EXCEPT AS SET FORTH
ABOVE, TI MAKES NO WARRANTIES OR REPRESENTATIONS CONCERNING THE CSM OR
OPERATION OF THIS DEVICE, INCLUDING ANY IMPLIED WARRANTIES OF MERCHANTABILITY
OR FITNESS FOR A PARTICULAR PURPOSE.

IN NO EVENT SHALL Tl BE LIABLE FOR ANY CONSEQUENTIAL, SPECIAL, INDIRECT,
INCIDENTAL, OR PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING IN ANY WAY OUT OF
YOUR USE OF THE CSM OR THIS DEVICE, WHETHER OR NOT TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES. EXCLUDED DAMAGES INCLUDE, BUT ARE NOT LIMITED
TO LOSS OF DATA, LOSS OF GOODWILL, LOSS OF USE OR INTERRUPTION OF BUSINESS OR
OTHER ECONOMIC LOSS.
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1.2.2 CSM Impact on Other On-Chip Resources

The CSM affects access to the on-chip resources listed in Table 1-10.

Table 1-10. Resources Affected by the CSM

Address

Block

0x00 0A80 - 0x00 0A87
0x00 8000 - 0x00 87FF
0x00 8800 - 0x00 8BFF
0x00 8CO00 - 0x00 8FFF
0x00 9000 - 0x00 9FFF

0x3E 8000 - 0x3F 7FFF or
0x3F 0000 - O0x3F 7FFF

0x3D 7800 - 0x3D 7BFF
0x3D 7C00 - 0x3D 7FFF
0x3F 8000 - Ox3F 87FF

Flash Configuration Registers

LO SARAM (2K X 16)

L1 DPSARAM - CLA Data RAM 0 (1K X 16)
L2 DPSARAM - CLA Data RAM 1 (1K X 16)
L3 DPSARAM - CLA Program RAM (4K X 16)

Flash (64K X 16)
Flash (32K X 16)

User One-Time Programmable (OTP) (1K X 16)
Tl One-Time Programmable (OTP)(W(1K X 16)
LO SARAM (2K X 16), mirror

(1)  Not affected by ECSL

The Code Security Module has no impact whatsoever on the following on-chip resources:

» Single-access RAM (SARAM) blocks not designated as secure - These memory blocks can be freely
accessed and code run from them, whether the device is in secure or unsecure mode.

* Boot ROM contents - Visibility to the boot ROM contents is not impacted by the CSM.

» On-chip peripheral registers - The peripheral registers can be initialized by code running from on-chip or
off-chip memory, whether the device is in secure or unsecure mode.

» PIE Vector Table - Vector tables can be read and written regardless of whether the device is in secure or

unsecure mode. Table 1-10 and Table 1-11 show which on-chip resources are affected (or are not affected)

by the CSM.

Table 1-11. Resources Not Affected by the CSM

Address

Block

0x00 0000 - 0x00 03FF
0x00 0400 - 0x00 07FF
0x00 0800 - 0x00 OCFF
0x00 0DOO0 - 0x00 OFFF
0x00 6000 - 0x00 6FFF
0x00 7000 - 0x00 7FFF
0x3F E000 Ox3F FFFF

MO SARAM (1K x 16)

M1 SARAM (1K x16)
Peripheral Frame 0 (2K x 16)
PIE Vector RAM (256 x 16)
Peripheral Frame 1 (4K x 16)
Peripheral Frame 2 (4K x 16)
Boot ROM (4K x 16)

To summarize, it is possible to load code onto the unprotected on-chip program SARAM using the JTAG
connector without any impact from the Code Security Module. The code can be debugged and the peripheral
registers initialized, independent of whether the device is in secure or unsecure mode.
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1.2.3 Incorporating Code Security in User Applications

Code security is typically not employed in the development phase of a project; however, security may be desired
once the application code is finalized. Before such a code is programmed in the flash memory, a password
should be chosen to secure the device. Once a password is in place, the device is secured (that is, programming
a password at the appropriate locations and either performing a device reset or setting the FORCESEC bit
(CSMSCR.15) is the action that secures the device). From that time on, access to debug the contents of secure
memory by any means (by way of JTAG, code running off external/on-chip memory, and so on) requires the
supply of a valid password. A password is not needed to run the code out of secure memory (such as in
end-application usage); however, access to secure memory contents for debug purpose requires a password.

If the code security feature is used, any one of the following directives must be used when a function residing in
secure memory calls another function which belongs to unsecure memory:

* Use unsecure memory as stack

» Switch stack to unsecure memory before calling the function

* Unlock security before calling the function

Note that the above directives apply for any address-based-parameters passed on to the called function,
basically making sure that the called function can read/write to these address-based parameters.

1.2.3.1 Environments That Require Security Unlocking
Following are the typical situations under which unsecuring can be required:
* Code development using debuggers (such as Code Composer Studio ).

This is the most common environment during the design phase of a product.
* Flash programming using TI's flash utilities such as Code Composer Studio™ Flash Programmer plug-in or
Uniflash.

Flash programming is common during code development and testing. Once the user supplies the necessary
password, the flash utilities disable the security logic before attempting to program the flash. The flash utilities
can disable the code security logic in new devices without any authorization, since new devices come with
an erased flash. However, reprogramming devices (that already contain a custom password) require the
password to be supplied to the flash utilities in order to unlock the device to enable programming. In custom
programming solutions that use the flash API supplied by Tl unlocking the CSM can be avoided by executing
the flash programming algorithms from secure memory.

» Custom environment defined by the application

In addition to the above, access to secure memory contents can be required in situations such as:

» Using the on-chip bootloader to load code or data into secure SARAM or to erase/program the flash.

» Executing code from on-chip unsecure memory and requiring access to secure memory for lookup table. This
is not a suggested operating condition as supplying the password from external code could compromise code
security.

The unsecuring sequence is identical in all the above situations. This sequence is referred to as the Password
Match Flow (PMF) for simplicity. Figure 1-11 explains the sequence of operation that is required every time the
user attempts to unsecure a device. A code example is listed for clarity.
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1.2.3.2 Password Match Flow

Password match flow (PMF) is essentially a sequence of eight dummy reads from password locations (PWL)
followed by eight writes to KEY registers.

Figure 1-11 shows how the PMF helps to initialize the security logic registers and disable security logic.

( Start )

Device secure after
reset or runtime

KEY registers = all ones

Do dummy read of PWL
Ox3F 7FF8 - Ox3F 7FFF

l

Device permanently secured

Are PWL =
all zeros?

CPU access is limited.
Device cannot be debugged
or reprogrammed.

Yes
Write the password to
KEY registers
—>| 0x00 0AEO - 0x00 0AE7®
v
Device unsecure
Correct Yes User can access

password? on-chip secure

memory

No

A. The KEY registers are EALLOW protected.
Figure 1-11. Password Match Flow (PMF)
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Note
NOTE: Any read of the CSM password would yield 0x0000 until the device is unlocked. These
reads are labeled "dummy read" or a "fake read." The application reads the password locations, but
will always get 0's no matter what the actual value is. What is important is the actual value of the
password. If the actual value is all OxFFFF, then doing this "dummy read" will unlock the device. If the
actual value is all 0x0000, then no matter what the application code does, you will never be able to
unlock the device. If the actual value is something other than all OxFFFF or 0x0000, then when the
dummy read is performed, the actual value must match the password the user provided.

1.2.3.3 Unsecuring Considerations for Devices With and Without Code Security
Case 1 and Case 2 provide unsecuring considerations for devices with and without code security.
Case 1: Device With Code Security

A device with code security should have a predetermined password stored in the password locations (0x3F 7FF8
- Ox3F 7FFF in memory). In addition, locations Ox3F 7F80 - 0x3F 7FF5 should be programmed with all 0x0000
and not used for program and/or data storage. The following are steps to unsecure this device:

1. Perform a dummy read of the password locations.

2. Write the password into the KEY registers (locations 0x00 0AEO - 0x00 OAE7 in memory).

3. If the password is correct, the device becomes unsecure; otherwise, it stays secure.

Case 2: Device Without Code Security

A device without code security should have Ox FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF (128 bits of all

ones) stored in the password locations. The following are steps to use this device:

1. Atreset, the CSM will lock memory regions protected by the CSM.

2. Perform a dummy read of the password locations.

3. Since the password is all ones, this alone will unlock all memory regions. Secure memory is fully accessible
immediately after this operation is completed.

Note
Even if a device is not protected with a password (all password locations all ones), the CSM will lock
at reset. Thus, a dummy read operation must still be performed on these devices prior to reading,
writing, or programming secure memory if the code performing the access is executing from outside of
the CSM protected memory region. The Boot ROM code does this dummy read for convenience.
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1.2.3.3.1 C Code Example to Unsecure

volatile int *CSM = (volatile int *)0x000AEO; //CSM register file
volatile int *PWL = (volatile int *)0x003F7FF8; //Password location
volatile int tmp;

int I;

// Read the 128-bits of the password locations (PWL)
// in flash at address 0x3F 7FF8 - 0x3F 7FFF
// I1If the device is secure, then the values read will
// not actually be loaded into the temp variable, so
// this is called a dummy read.
for (I=0; i<8; I++) tmp = *PWL++;
// 1If the password locations (PWL) are all = ones (0OxFFFF),
// then the device will now be unsecure. If the password
// is not all ones (0xFFFF), then the code below is required
// to unsecure the CSM.
// Write the 128-bit password to the KEY registers
// If this password matches that stored in the
// PWL then the CSM will become unsecure. If it does not
// match, then the device will remain secure.
// An example password of:
// 0x11112222333344445555666677778888 is used.
asm (" EALLOW"); // Key registers are EALLOW protected
*CSM++ = 0x1111; // Register KEYO at OxAEOQ
*CSM++ = 0x2222; // Register KEYl at OxAEl
*CSM++ = 0x3333; // Register KEY2 at OxAE2
*CSM++ = 0x4444; // Register KEY3 at OxAE3
*CSM++ = 0x5555; // Register KEY4 at OxAE4
*CSM++ = 0x6666; // Register KEY5 at OxAES5
*CSM++ = 0x7777; // Register KEY6 at OxAE6
*CSM++ = 0x8888; // Register KEY7 at OxAE7
asm (" EDIS");

1.2.3.3.2 C Code Example to Resecure

volatile int *CSMSCR = OxOOAEF; //CSMSCR register
//Set FORCESEC bit
asm(" EALLOW") ; //CSMSCR register is EALLOW protected.
*CSMSCR = 0x8000;
asm("EDIS") ;
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1.2.4 Do's and Don'ts to Protect Security Logic
1.2.4.1 Do's

To keep the debug and code development phase simple, use the device in the unsecure mode; that is, use all
128 bits as 1s in the password locations (or use a password that is easy to remember). Use a password after
the development phase when the code is frozen.

Recheck the password stored in the password locations before programming the COFF file using flash
utilities.

The flow of code execution can freely toggle back and forth between secure memory and unsecure memory
without compromising security. To access data variables located in secure memory when the device is
secured, code execution must currently be running from secure memory.

Program locations Ox3F 7F80 - O0x3F 7FF5 with 0x0000 when using the CSM.

1.2.4.2 Don'ts

If code security is desired, do not embed the password in your application anywhere other than in the
password locations or security can be compromised.

Do not use 128 bits of all zeros as the password. This automatically secures the device, regardless of the
contents of the KEY register. The device is not debuggable nor reprogrammable.

Do not pull a reset during an erase operation on the flash array. This can leave either zeros or an unknown
value in the password locations. If the password locations are all zero during a reset, the device will always
be secure, regardless of the contents of the KEY register.

Do not use locations 0x3F 7F80 - Ox3F 7FF5 to store program and/or data. These locations should be
programmed to 0x0000 when using the CSM.

1.2.5 CSM Features - Summary

The flash is secured after a reset until the password match flow described in Section 1.2.3.2 is executed.

The standard way of running code out of the flash is to program the flash with the code and power up the
device. Since instruction fetches are always allowed from secure memory, regardless of the state of the CSM,
the code functions correctly even without executing the password match flow.

Secure memory cannot be modified by code executing from unsecure memory while the device is secured.
Secure memory cannot be read from any code running from unsecure memory while the device is secured.
Secure memory cannot be read or written to by the debugger (Code Composer Studio) at any time that the
device is secured.

Complete access to secure memory from both the CPU code and the debugger is granted while the device is
unsecured.

52

TMS320F2803x Microcontrollers SPRUI10A — DECEMBER 2018 — REVISED JUNE 2022
Submit Document Feedback
Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUI10
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUI10A&partnum=F2803X

13 TEXAS
INSTRUMENTS

www.ti.com

System Control and Interrupts

1.2.6 CSM Status and Control Registers
Table 1-12. Code Security Module (CSM) Registers

Memory

Address Register Name Reset Values Register Description

KEY Registers

0x00 - OAEO KEYO0(") OxFFFF Low word of the 128-bit KEY register
0x00 - OAE1 KEY1() OxFFFF Second word of the 128-bit KEY register
0x00 - 0AE2 KEY2(") OxFFFF Third word of the 128-bit KEY register
0x00 - OAE3 KEY3(") OxFFFF Fourth word of the 128-bit key

0x00 - 0AE4 KEY4(") OxFFFF Fifth word of the 128-bit key

0x00 - 0AE5 KEY5(") OxFFFF Sixth word of the 128-bit key

0x00 - OAE6 KEY6(") OxFFFF Seventh word of the 128-bit key

0x00 - OAE7 KEY7() OxFFFF High word of the 128-bit KEY register
0x00 - OAEF CSMSCR(") 0x002F CSM status and control register
Password Locations (PWL) in Flash Memory - Reserved for the CSM password only

0x3F - 7FF8 PWLO User defined Low word of the 128-bit password
0x3F - 7FF9 PWLA1 User defined Second word of the 128-bit password
0x3F - 7FFA PWL2 User defined Third word of the 128-bit password
0x3F - 7FFB PWL3 User defined Fourth word of the 128-bit password
0x3F - 7FFC PWL4 User defined Fifth word of the 128-bit password
0x3F - 7FFD PWL5 User defined Sixth word of the 128-bit password
0x3F - 7FFE PWL6 User defined Seventh word of the 128-bit password
0x3F - 7FFF PWL7 User defined High word of the 128-bit password

(1) These registers are EALLOW protected. Refer to Section 1.5.2 for more information.

1.2.6.1 CSM Status and Control Register (CSMSCR)
Figure 1-12. CSM Status and Control Register (CSMSCR)

15 14 1 0
FORCESEC Reserved SECURE
W-0 R-0x002E R-1

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-13. CSM Status and Control Register (CSMSCR) Field Descriptions

Bits Field Value Description (1)
15 FORCESEC Writing a 1 clears the KEY registers and secures the device.
0 A read always returns a zero.
Clears the KEY registers and secures the device. The password match flow described in
Section 1.2.3.2 must be followed to unsecure the device again.
14-1 Reserved Reserved
0 SECURE Read-only bit that reflects the security state of the device.
0 Device is unsecure (CSM unlocked).
Device is secure (CSM locked).

(1) This register is EALLOW protected. Refer to Section 1.5.2 for more information.
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1.3 Clocking

This section describes the oscillator, PLL and clocking mechanisms, the watchdog function, and the low-power

modes.
1.3.1 Clocking and System Control

Figure 1-13 shows the various clock and reset domains.

PCLKCRO0/1/2/3 LOSPCP SYSCLKOUT
(System Ctrl Regs) (System Ctrl Regs) H C28x Core |<f CLKIN
Clock Enables LSPCLK
|——N Peripheral
110} SPI-A, SPI-B, SCI-A Registers orD >
Clock Enables 3
| ——N| Peripheral
110 X eCAN-A, LIN-A Registers = >
Clock Enables ¢
GPIO |/ Peripheral
Mux [NO eCAP1, eQEP1, HRCAP1/2 | Registers |/ =
N
Clock Enables ¢
N Peripheral
110 ePWMA1/.../7 Registers < o7 >
Clock Enables ¢
/——N| Peripheral
\,—||/0 / 12C-A Registers <: PF2 >
Clock Enables ¢
=\ . ac [ PF2 >
16 Ch ; 12-Bit ADC Registers N\ I
Analog PFO >
GPIO
Mux Clock Enables ¢
—=\ COMP
6 COMP1/2/3 Registers < = >

Figure 1-13. Clock and Reset Domains

The PLL, clocking, watchdog and low-power modes, are controlled by the registers listed in Table 1-14.
Table 1-14. PLL, Clocking, Watchdog, and Low-Power Mode Registers

Name Address Size (x16)  Description Bit Description
XCLK 0x0000-7010 1 XCLKOUT/XCLKIN Control Section 1.3.2.2
PLLSTS 0x0000-7011 1 PLL Status Register Section 1.3.2.4.1.2
CLKCTL 0x0000-7012 1 Clock Control Register Section 1.3.2.3
PLLLOCKPRD 0x0000-7013 1 PLL Lock Period Register Section 1.3.2.4.1.3
INTOSC1TRIM 0x0000-7014 1 Internal Oscillator 1 Trim Register Section 1.3.2.1.1
INTOSC2TRIM 0x0000-7016 1 Internal Oscillator 2 Trim Register Section 1.3.2.1.1
PCLKCR2 0x0000-7019 1 Peripheral Clock Control Register 2 Section 1.3.1.1
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Table 1-14. PLL, Clocking, Watchdog, and Low-Power Mode Registers (continued)

Name

Address

Size (x16)

Description

Bit Description

LOSPCP
PCLKCRO
PCLKCR1
LPMCRO
PCLKCR3
PLLCR
SCSR
WDCNTR
WDKEY
WDCR
BORCFG

0x0000-701B
0x0000-701C
0x0000-701D
0x0000-701E
0x0000-7020
0x0000-7021
0x0000-7022
0x0000-7023
0x0000-7025
0x0000-7029

0x000985

1

[ UL Ul UL G UL U U UL G

Low-Speed Peripheral Clock Pre-Scaler Register

Peripheral Clock Control Register 0
Peripheral Clock Control Register 1
Low Power Mode Control Register 0
Peripheral Clock Control Register 3
PLL Control Register

System Control and Status Register
Watchdog Counter Register
Watchdog Reset Key Register
Watchdog Control Register

BOR Configuration Register

Section 1.3.1.2
Section 1.3.1.1
Section 1.3.1.1
Section 1.3.3.1
Section 1.3.1.1
Section 1.3.2.4.1.1
Section 1.3.4.5.1
Section 1.3.4.5.2
Section 1.3.4.5.3
Section 1.3.4.5.4
Section 1.7.2

1.3.1.1 Enabling/Disabling Clocks to the Peripheral Modules (PCLKCRO0/1/2/3)

The (PCLKCRO0/1/2/3) registers enable and disable clocks to the various peripheral modules. There is a 2-
SYSCLKOUT cycle delay from when a write to the (PCLKCRO0/1/2/3) registers occurs to when the action is valid.
This delay must be taken into account before attempting to access the peripheral configuration registers. Due

to the peripheral-GPIO multiplexing at the pin level, all peripherals cannot be used at the same time. While it is
possible to turn on the clocks to all the peripherals at the same time, such a configuration may not be useful. If
this is done, the current drawn will be more than required. To avoid this, only enable the clocks required by the

application.
Figure 1-14. Peripheral Clock Control 0 Register (PCLKCRO)

15 14 13 12 1 10 9 8
Reserved | ECANAENCLK Reserved SCIA SPIB SPIA
ENCLK ENCLK ENCLK
R-0 R/W-0 R-0 R/W-0 R/W-0 R/W-0

7 5 4 3 2 1 0
Reserved 12CA ADC TBCLK LINA HRPWM
ENCLK ENCLK SYNC ENCLK ENCLK
R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-15. Peripheral Clock Control 0 Register (PCLKCRO) Field Descriptions

Bit Field Value |Description
15 Reserved Reserved
14 ECANAENCLK ECAN-A clock enable
0 The eCAN-A module is not clocked. (default) (")
1 The eCAN-A module is clocked (SYSCLKOUT/2).
13-11 |Reserved Reserved

SPRUI10A — DECEMBER 2018 — REVISED JUNE 2022
Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated

TMS320F2803x Microcontrollers

55


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUI10
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUI10A&partnum=F2803X

System Control and Interrupts

13 TEXAS
INSTRUMENTS

www.ti.com

Table 1-15. Peripheral Clock Control 0 Register (PCLKCRO) Field Descriptions (continued)

Bit

Field

Value

Description

10

SCIAENCLK

SCI-A clock enable
The SCI-A module is not clocked. (default) (1)

The SCI-A module is clocked by the low-speed clock (LSPCLK).

SPIBENCLK

SPI-B clock enable
The SPI-B module is not clocked. (default) ()

The SPI-B module is clocked by the low-speed clock (LSPCLK).

SPIAENCLK

SPI-A clock enable
The SPI-A module is not clocked. (default) ()

The SPI-A module is clocked by the low-speed clock (LSPCLK).

Reserved

Any writes to these bit(s) must always have a value of 0.

I2CAENCLK

I2C clock enable
The 12C module is not clocked. (default) (")

The 12C module is clocked.

ADCENCLK

ADC clock enable
The ADC is not clocked. (default) (V)
The ADC module is clocked

TBCLKSYNC

ePWM Module Time Base Clock (TBCLK) Sync: Allows the user to globally synchronize all enabled

ePWM modules to the time base clock (TBCLK):

The TBCLK (Time Base Clock) within each enabled ePWM module is stopped. (default). If,
however, the ePWM clock enable bit is set in the PCLKCR1 register, then the ePWM module

will still be clocked by SYSCLKOUT even if TBCLKSYNC is 0.

All enabled ePWM module clocks are started with the first rising edge of TBCLK aligned. For
perfectly synchronized TBCLKSs, the prescaler bits in the TBCTL register of each ePWM module
must be set identically. The proper procedure for enabling ePWM clocks is as follows:

» Enable ePWM module clocks in the PCLKCR1 register.
+ Set TBCLKSYNC to 0.

» Configure prescaler values and ePWM modes.

+ Set TBCLKSYNC to 1.

LINAENCLK

LIN-A clock enable.
The LIN-A clock is not enabled.
The LIN-A clock is enabled.

HRPWMENCLK

HRPWM clock enable
HRPWM is not enabled.
HRPWM is enabled.

M

If a peripheral block is not used, the clock to that peripheral can be turned off to minimize power consumption.
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Figure 1-15. Peripheral Clock Control 1 Register (PCLKCR1)

14 13 9 8
Reserved EQEP1 Reserved ECAP1
ENCLK ENCLK
R-0 R/W-0 R-0 R/W-0
6 5 4 3 2 1 0
Reserved EPWM7 EPWM6 EPWM5 EPWM4 EPWM3 EPWM2 EPWMA1
ENCLK ENCLK ENCLK ENCLK ENCLK ENCLK ENCLK
R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-16. Peripheral Clock Control 1 Register (PCLKCR1) Field Descriptions

Bits Field Value Description (1)
15 Reserved Any writes to these bit(s) must always have a value of 0.
14 EQEP1ENCLK eQEP1 clock enable
0 The eQEP1 module is not clocked. (default) (2)
The eQEP1 module is clocked by the system clock (SYSCLKOUT).
13-9 |Reserved Any writes to these bit(s) must always have a value of 0.
8 ECAP1ENCLK eCAP1 clock enable
0 The eCAP1 module is not clocked. (default) @)
1 The eCAP1 module is clocked by the system clock (SYSCLKOUT).
Reserved Any writes to these bit(s) must always have a value of 0.
EPWM7ENCLK ePWM?7 clock enable. (3)
0 The ePWM7 module is not clocked. (default) (2)
The ePWM7 module is clocked by the system clock (SYSCLKOUT).
5 |EPWMGENCLK ePWMBG clock enable. )
0 The ePWM6 module is not clocked. (default) @)
1 The ePWM6 module is clocked by the system clock (SYSCLKOUT).
4 EPWMS5ENCLK ePWMS5 clock enable ()
0 The ePWM5 module is not clocked. (default) (2)
1 The ePWMS5 module is clocked by the system clock (SYSCLKOUT).
3 |EPWM4ENCLK ePWM4 clock enable. ()
0 The ePWM4 module is not clocked. (default) @)
1 The ePWM4 module is clocked by the system clock (SYSCLKOUT).
2 EPWMS3ENCLK ePWM3 clock enable. (3)
0 The ePWM3 module is not clocked. (default) (2)
1 The ePWM3 module is clocked by the system clock (SYSCLKOUT).
1 EPWM2ENCLK ePWM2 clock enable. )
0 The ePWM2 module is not clocked. (default) (@)
1 The ePWM2 module is clocked by the system clock (SYSCLKOUT).
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Table 1-16. Peripheral Clock Control 1 Register (PCLKCR1) Field Descriptions (continued)
Bits Field Value Description ()
0 |EPWM1ENCLK ePWM1 clock enable. )
0 The ePWM1 module is not clocked. (default) @)
1 The ePWM1 module is clocked by the system clock (SYSCLKOUT).

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.
(2) If a peripheral block is not used, the clock to that peripheral can be turned off to minimize power consumption.
(3) To start the ePWM Time-base clock (TBCLK) within the ePWM modules, the TBCLKSYNC bit in PCLKCRO must also be set.

Figure 1-16. Peripheral Clock Control 2 Register (PCLKCR2)

15 10 9 8
Reserved HRCAP2 HRCAP1
ENCLK ENCLK
R-0 R-0 R-0
7 0
Reserved
R-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-17. Peripheral Clock Control 2 Register (PCLKCR2) Field Descriptions

Bit Field Value |Description
15-10 |Reserved Any writes to these bit(s) must always have a value of 0.
9 HRCAP2ENCLK HRCAP2 Clock Enable

0 The HRCAP2 module is not clocked. (default)
1 The HRCAP2 module is clocked.

8 HRCAP1ENCLK HRCAP1 Clock Enable

0 The HRCAP1 module is not clocked. (default)
1 The HRCAP1 module is clocked.

7-0 Reserved 0 Reserved for ETPWM9 to ETPWM16
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Figure 1-17. Peripheral Clock Control 3 Register (PCLKCR3)
15 14 13 12 11 10 9 8
Reserved CLA1 Reserved Reserved CPUTIMER2 CPUTIMER1 CPUTIMERO

ENCLK ENCLK ENCLK ENCLK
R-0 R/W-0 R-1 R-0 R/W-1 R/W-1 R/W-1

7 3 2 1 0
Reserved COMP3 COMP2 COMP1
ENCLK ENCLK ENCLK
R-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-18. Peripheral Clock Control 3 Register (PCLKCR3) Field Descriptions

Bit Field Value |Description
15 Reserved Any writes to these bit(s) must always have a value of 0.
14 CLA1ENCLK CLA Module Clock Enable

0 CLA Module is not clocked.
1 CLA Module is clocked.

13 Reserved 1 This bit should always be written as 1.
12-11 |Reserved Any writes to these bit(s) must always have a value of 0.
10 CPUTIMER2ENCLK CPU Timer 2 Clock Enable

0 CPU Timer 2 is not clocked.
1 CPU Timer 2 is clocked.

9 CPUTIMER1ENCLK CPU Timer 1 Clock Enable
0 CPU Timer 1 is not clocked.
1 CPU Timer 1 is clocked.

8 CPUTIMEROENCLK CPU Timer 0 Clock Enable
0 CPU Timer 0 is not clocked.
1 CPU Timer 0 is clocked.

7-3 Reserved Any writes to these bit(s) must always have a value of 0.

2 COMP3ENCLK Comparator3 clock enable
0 Comparator3 is not clocked
1 Comparator3 is clocked

1 COMP2ENCLK Comparator2 clock enable
0 Comparator2 is not clocked
1 Comparator2 is clocked

0 COMP1ENCLK Comparator1 clock enable
0 Comparator1 is not clocked
1 Comparator1 is clocked
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1.3.1.2 Configuring the Low-Speed Peripheral Clock Prescaler (LOSPCP)

The low-speed peripheral clock prescale (LOSPCP) registers are used to configure the low-speed peripheral
clocks. See Figure 1-18 for the LOSPCP layout.

Figure 1-18. Low-Speed Peripheral Clock Prescaler Register (LOSPCP)

15 3 2 0

Reserved ‘ LSPCLK

R-0 R/W-010

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-19. Low-Speed Peripheral Clock Prescaler Register (LOSPCP) Field Descriptions

Bits Field Value Description ()
15-3 Reserved Any writes to these bit(s) must always have a value of 0.
2-0 LSPCLK These bits configure the low-speed peripheral clock (LSPCLK) rate relative to SYSCLKOUT:

If LOSPCP® # 0, then LSPCLK = SYSCLKOUT/(LOSPCP X 2)
If LOSPCP = 0, then LSPCLK = SYSCLKOUT

000 Low speed clock = SYSCLKOUT/1

001 Low speed clock = SYSCLKOUT/2

010 Low speed clock = SYSCLKOUT/4 (reset default)

oM Low speed clock = SYSCLKOUT/6

100 Low speed clock = SYSCLKOUT/8

101 Low speed clock = SYSCLKOUT/10

110 Low speed clock = SYSCLKOUT/12

1M1 Low speed clock = SYSCLKOUT/14

(1)
@)

This register is EALLOW protected. See Section 1.5.2 for more information.
LOSPCP in this equation denotes the value of bits 2:0 in the LOSPCP register.

1.3.2 OSC and PLL Block

The on-chip oscillator and phase-locked loop (PLL) block provide the clocking signals for the device, as well as
control for low-power mode (LPM) entry or exit.

1.3.2.1 Input Clock Options

The device has two internal oscillators (INTOSC1 and INTOSC2) that need no external components. It also has
an on-chip, PLL-based clock module. Figure 1-19 shows the different options that are available to clock the
device. Following are the input clock options available:

INTOSC1 (Internal zero-pin Oscillator 1): This is the on-chip internal oscillator 1. It can provide the clock for
the Watchdog block, CPU-core and CPU-Timer 2. This is the default clock source upon reset.

INTOSC2 (Internal zero-pin Oscillator 2): This is the on-chip internal oscillator 2. It can provide the clock
for the Watchdog block, CPU-core and CPU-Timer 2. Both INTOSC1 and INTOSC2 can be independently
chosen for the Watchdog block, CPU-core, and CPU-Timer 2. If using INTOSC2 as a clock source, refer to
the Advisory Oscillator: CPU clock switching to INTOSC2 may result in missing clock condition after reset in
the device errata.

XTAL OSC (Crystal or Resonator): The on-chip crystal oscillator enables the use of an external quartz
crystal or ceramic resonator. The crystal or resonator is connected to the X1/X2 pins.

XCLKIN (External clock source): If the on-chip crystal oscillator is not used, this mode allows it to be
bypassed. The device clock is generated from an external clock source input on the XCLKIN pin. Note that
the XCLKIN is multiplexed with GPIO19 or GPIO38 pin. The XCLKIN input can be selected as GPI0O19 or
GPIO38 via the XCLKINSEL bit in XCLK register. The CLKCTL[XCLKINOFF] bit disables this clock input
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(forced low). If the clock source is not used or the respective pins are used as GPIOs, the user should disable
it at boot time.

o CLKCTL[WDCLKSRCSEL]
INTOSC1TRIM R W Igg?i' osclcLk ‘0 :
9 (0MHz) | OSCCLKSRCL N
» — »| CPU-watchdog
7 (OSC1CLK on XRS reset)
OSCE
1
CLKCTL[INTOSC1OFF]
1 =Turn OSC Off
CLKCTL[INTOSC1HALT] ----1 CLKCTL[OSCCLKSRCSEL]
WAKEOSC 1
1 =1Ignore HALT :
Internal | oscacLk =0$
A
INTOSC2TRIM Reg'” ( ﬁsﬁsz) \_ 0SCCLK PLL/ -
(OSCICLK on XRSreset) | Missing-clock-detect circuit
J
OSCE !
CLKCTL[TMR2CLKPRESCALE]
CLKCTL[TMR2CLKSRCSEL]
1 =Turn OSC Off 10 :
CLKCTL[INTOSC20FF] Y Prescale SYNC
117 e—»] /1,/2,/4, || Edge p».,
P 18, 116 Detect| ¥ 01,10, 11
1 =Ignore HALT 1 01 /" CPUTMR2CLK
L e 00
CLKCTL[INTOSC2HALT] |
£ OSCCLKSRC2 SYSCLKOUT
0 !
0=GPIO38 ~---1 CLKCTL[OSCCLKSRC2SEL]
| XCLK[XCLKINSEL] 1=GPIO19
| CLKCTL[XCLKINOFF] |
0 —h\;l_
XCLKIN | GPIOI9 | &-ooopo
—p or
(from GPIO38
external oscillator) XCLKIN
X1
EXTCLK
(Crystal)
XTAL 3 0sC WAKEOSC
X2 (Oscillators enabled when this signal is high)
A
0=0SC on (default on reset)
CLKCTL[XTALOSCOFF] 1 = Turn OSC off

A. Register loaded from TI OTP-based calibration function.

Figure 1-19. Clocking Options
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1.3.2.1.1 Trimming INTOSCn

The nominal frequency of both INTOSC1 and INTOSC2 is 10 MHz. Two 16-bit registers are provided for
trimming each oscillator at manufacturing time (called coarse trim) and also to provide you with a way to trim the
oscillator using software (called fine trim). The bit layout for both registers is the same so only one is shown with
"n" in place of the numbers 1 or 2.

Figure 1-20. Internal Oscillator n Trim (INTOSCnTRIM) Register

15 14 9 8 7 0
Reserved FINETRIM Reserved ‘ COARSETRIM
R-0 R/W-0 R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-20. Internal Oscillator n Trim (INTOSCnTRIM) Register Field Descriptions

Bit |Field Value |Description () (2)
15 Reserved Any writes to these bit(s) must always have a value of 0.
14-9 |FINETRIM 6-bit Fine Trim Value: Signed magnitude value (-31 to +31)
8 Reserved Any writes to these bits must always have a value of 0.
7-0 |COARSETRIM 8-bit Coarse Trim Value: Signed magnitude value (-127 to +127)

(1)  These registers are EALLOW protected.
(2) The internal oscillators are software trimmed with parameters stored in OTP. During boot time, the boot-ROM copies this value to the
above registers.

1.3.2.1.2 Device_Cal

The Device_cal() routine is programmed into Tl reserved memory by the factory. The boot ROM automatically
calls the Device_cal() routine to calibrate the internal oscillators and ADC with device specific calibration data.
During normal operation, this process occurs automatically and no action is required by the user.

If the boot ROM is bypassed by Code Composer Studio during the development process, then the calibration
must be initialized by application. For working examples, see the system initialization in C2000Ware.

Note

Failure to initialize these registers will cause the oscillators and ADC to function out of specification.
The following three steps describe how to call the Device_cal routine from an application.

Step 1: Create a pointer to the Device_cal function as shown in Example 1-1. This #define is included in the
Header Files and Peripheral Examples.

Step 2: Call the function pointed to by Device_cal() as shown in Example 1-1. The ADC clocks must be enabled
before making this call.
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Example 1-1. Calling the Device_cal() function

//Device_cal is a pointer to a function

//that begins at the address shown

# define Device cal (void(*) (void))0x3D7C80
EALLOW;
SysCtrlRegs.PCLKCRO.bit.ADCENCLK
(*Device cal) ();
SysCtrlRegs.PCLKCRO.bit .ADCENCLK = O;
EDIS;

1;

1.3.2.2 Configuring Input Clock Source and XCLKOUT Options (XCLK)

The XCLK register is used to choose the GPIO pin for XCLKIN input and to configure the XCLKOUT pin
frequency.

Figure 1-21. Clocking (XCLK) Register

15 8
Reserved
R-0
7 6 5 2 1 0
Reserved XCLKINSEL Reserved XCLKOUTDIV
R-0 R/W-0 R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-21. Clocking (XCLK) Field Descriptions

Bit |Field Value |Description (1)
15-7 |Reserved Any writes to these bit(s) must always have a value of 0.
6 XCLKINSEL XCLKIN Source Select Bit: This bit selects the source

0 GPI038 is XCLKIN input source (this is also the JTAG port TCK source)
1 GPIO19 is XCLKIN input source

5-2 Reserved Any writes to these bit(s) must always have a value of 0.

1-0 |XCLKOUTDIV @ XCLKOUT Divide Ratio: These two bits select the XCLKOUT frequency ratio relative to
SYSCLKOUT. The ratios are:

00 XCLKOUT = SYSCLKOUT/4
01 XCLKOUT = SYSCLKOUT/2
10 XCLKOUT = SYSCLKOUT
1 XCLKOUT = Off

(1) The XCLKINSEL bit in the XCLK register is reset by XRS input signal.
(2) Refer to the device data sheet for the maximum permissible XCLKOUT frequency.

SPRUI10A — DECEMBER 2018 — REVISED JUNE 2022 TMS320F2803x Microcontrollers
Submit Document Feedback
Copyright © 2022 Texas Instruments Incorporated

63


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUI10
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUI10A&partnum=F2803X

13 TEXAS
INSTRUMENTS

System Control and Interrupts www.ti.com

1.3.2.3 Configuring Device Clock Domains (CLKCTL)

The CLKCTL register is used to choose between the available clock sources and also configure device behavior
during clock failure.

Figure 1-22. Clock Control (CLKCTL) Register

15 14 13 12 11 10 9 8
NMIRESETSEL XTALOSCOFF XCLKINOFF WDHALTI ‘ INTOSC2HALTI ‘ INTOSC20FF INTOSC1HALTI INTOSC10FF
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
7 5 4 3 2 1 0
TMR2CLKPRESCALE TMR2CLKSRCSEL WDCLKSRCSEL | OSCCLKSRC2SEL | OSCCLKSRCSEL
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-22. Clock Control (CLKCTL) Register Field Descriptions
Bit |Field Value | Description (1)

15 |NMIRESETSEL NMI Reset Select Bit: This bit selects between generating the MCLKRS signal directly
when a missing clock condition is detected or the NMIRS reset is used:

0 MCLKRS is driven without any delay (default on reset)
NMI Watchdog Reset ( NMIRS) initiates MCLKRS
Note: The CLOCKFAIL signal is generated regardless of this mode selection.

14 | XTALOSCOFF Crystal Oscillator Off Bit: This bit could be used to turn off the crystal oscillator if it is not
used.

0 Crystal oscillator on (default on reset)

Crystal oscillator off

13 | XCLKINOFF XCLKIN Off Bit: This bit turns external XCLKIN oscillator input off:
0 | XCLKIN oscillator input on (default on reset)

XCLKIN oscillator input off

Note: You need to select XCLKIN GPIO pin source via the XCLKINSEL bit in the XCLK
register. See the XCLK register description for more details. XTALOSCOFF must be set to
1 if XCLKIN is used.

12 |WDHALTI Watchdog HALT Mode Ignore Bit: This bit selects if the watchdog is automatically turned
off by the HALT mode or not turned off. This feature can be used to allow the selected
watchdog clock source to continue clocking the watchdog when HALT mode is active.
This would enable the watchdog to periodically wake up the device.

0 |Watchdog Automatically Turned Off By HALT (default on reset)
Watchdog continues to function in HALT mode

11 INTOSC2HALTI Internal Oscillator 2 HALT Mode Ignore Bit: This bit selects if the internal oscillator 2 is
automatically turned off by the HALT mode or not. This feature can be used to allow the
internal oscillator to continue clocking when HALT mode is active. This would enable a
quicker wake-up from HALT.

0 Internal Oscillator 2 Automatically Turned Off By HALT (default on reset)

Internal Oscillator 2 continues to function in HALT mode. This feature can be used to
allow the internal oscillator to continue clocking when HALT mode is active. This would
enable a quicker wake-up from HALT.
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Table 1-22. Clock Control (CLKCTL) Register Field Descriptions (continued)
Bit |Field Value |Description (1)
10 |INTOSC20FF Internal Oscillator 2 Off Bit: This bit turns oscillator 2 off:
0 Internal Oscillator 2 On (default on reset)

Internal Oscillator 2 Off. This bit could be used by the user to turn off the internal oscillator
2 if itis not used. This selection is not affected by the missing clock detect circuit.

9 INTOSC1HALTI Internal Oscillator 1 HALT Mode Ignore Bit: This bit selects if the internal oscillator 1 is
automatically turned off by the HALT mode or not:

0 Internal Oscillator 1 Automatically Turned Off By HALT (default on reset)

Internal Oscillator 1 continues to function in HALT mode. This feature can be used to
allow the internal oscillator to continue clocking when HALT mode is active. This would
enable a quicker wake-up from HALT.

8 INTOSC10FF Internal Oscillator 1 Off Bit: This bit turns oscillator 1 off:
0 Internal Oscillator 1 On (default on reset)

Internal Oscillator 1 Off. This bit could be used by the user to turn off the internal oscillator
1 if it is not used. This selection is not affected by the missing clock detect circuit.

7-5 |TMR2CLKPRESCALE CPU Timer 2 Clock Pre-Scale Value: These bits select the pre-scale value for the
selected clock source for CPU Timer 2. This selection is not affected by the missing
clock detect circuit.

000 |/1 (default on reset)

001 |/2
010 |/4
011 |/8
100 |/16

101 |Reserved

110 |Reserved

111 |Reserved

4-3 |TMR2CLKSRCSEL CPU Timer 2 Clock Source Select Bit: This bit selects the source for CPU Timer 2:
00 |SYSCLKOUT Selected (default on reset, pre-scaler is bypassed)

01 |External Oscillator Selected (at XOR output)

10 |Internal Oscillator 1 Selected

11 |Internal Oscillator 2 Selected. This selection is not affected by the missing clock detect
circuit.

2 |WDCLKSRCSEL Watchdog Clock Source Select Bit: This bit selects the source for the watchdog clock.
On XRS low and after XRS goes high, internal oscillator 1 is selected by default. User
would need to select external oscillator or Internal Oscillator 2 during their initialization
process. If missing clock detect circuit detects a missing clock, then this bit is forced to 0
and internal oscillator 1 is selected. The user changing this bit does not affect the PLLCR
value.

0 Internal Oscillator 1 Selected (default on reset)
External Oscillator or Internal Oscillator 2 Selected

1 OSCCLKSRC2SEL Oscillator 2 Clock Source Select Bit: This bit selects between internal oscillator 2 or
external oscillator. This selection is not affected by the missing clock detect circuit.

0 External Oscillator Selected (default on reset)
Internal Oscillator 2 Selected
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Table 1-22. Clock Control (CLKCTL) Register Field Descriptions (continued)
Bit |Field Value |Description (1)

0 |OSCCLKSRCSEL Oscillator Clock Source Select Bit. This bit selects the source for OSCCLK. On XRS

low and after XRS goes high, internal oscillator 1 is selected by default. User would

need to select external oscillator or Internal Oscillator 2 during their initialization process.
Whenever the user changes the clock source using these bits, the PLLCR register will

be automatically forced to zero. This prevents potential PLL overshoot. The user will then
have to write to the PLLCR register to configure the appropriate PLL multiplier value. The
user can also configure the PLL lock period using the PLLLOCKPRD register to reduce
the lock time if necessary. If missing clock detect circuit detects a missing clock, then this
bit is automatically forced to 0 and internal oscillator 1 is selected. The PLLCR register
will also be automatically forced to zero to prevent any potential overshoot.

0 Internal Oscillator 1 Selected (default on reset)

External Oscillator or Internal Oscillator 2 Selected. Note: If users wish to use Oscillator 2
or External Oscillator to clock the CPU, they should configure the OSCCLKSRC2SEL bit
first, and then write to the OSCCLKSRCSEL bit next.

(1) The internal oscillators are software trimmed with parameters stored in OTP. During boot time, the boot-ROM copies this value to the
above registers.

1.3.2.3.1 Switching the Input Clock Source
The following procedure may be used to switch clock sources:

1. Use CPU Timer 2 to detect if clock sources are functional.

2. If any of the clock sources is not functional, turn off the respective clock source (using the respective
CLKCTL bit).

3. Switch over to a new clock source.

4. If clock source switching occurred while in Limp Mode, then write a 1 to MCLKCLR to exit Limp Mode.

If OSCCLKSRC2 (an external Crystal [XTAL] or oscillator [XCLKIN input] or Internal Oscillator 2 [INTOSC2]) is
selected as the clock source and a missing clock is detected, the missing clock detect circuit will automatically
switch to Internal Oscillator 1 (OSCCLKSRC1) and generate a CLOCKFAIL signal. In addition, the PLLCR
register is forced to zero (PLL is bypassed) to prevent any potential overshoot. The user can then write to the
PLLCR register to re-lock the PLL. Under this situation, the missing clock detect circuit will be automatically
re-enabled (PLLSTS[MCLKSTS] bit will be automatically cleared). If Internal Oscillator 1 (OSCCLKSRC1) should
also fail, then under this situation, the missing clock detect circuit will remain in limp mode. The user will have to
re-enable the logic via the PLLSTS[MCLKCLR] bit.

1.3.2.3.2 Switching to INTOSC2 in the Absence of External Clocks

For the device to work properly upon a switch from INTOSC1 to INTOSC2 in the absence of any external clock,
the application code needs to write a 1 to the CLKCTL.XTALOSCOFF and CLKCTL.XCLKINOFF bits first. This
is to indicate to the clock switching circuitry that external clocks are not present. Only after this should the
OSCCLKSRCSEL and OSCCLKSRC2SEL bits be written to. Note that this sequence should be separated into
two writes as follows:

First write — CLKCTL.XTALOSCOFF=1 and CLKCTL.XCLKINOFF=1
Second write — CLKCTL.OSCCLKLSRCSEL=1 and CLKCTL.OSCCLKSRC2SEL=1

The second write should not alter the values of XTALOSCOFF and XCLKINOFF bits. If C2000Ware, supplied by
Texas Instruments is used, clock switching can be achieved with the following code snip:

0x6000; // Set XTALOSCOFF=1 & XCLKINOFF=1
0x6003; // Set OSCCLKLSRCSEL=1 & OSCCLKSRC2SEL=1

SysCtrlRegs.CLKCTL.all
SysCtrlRegs.CLKCTL.all

The system initialization file DSP2803x_SysCitrl.c, provided as part of C2000Ware also contain functions to
switch to different clock sources. If an attempt is made to switch from INTOSC1 to INTOSC2 without the write to
the XTALOSCOFF and XCLKINOFF bits, a missing clock will be detected due to the absence of external clock
source (even after the proper source selection). The PLLCR will be zeroed out and the device will automatically
clear the MCLKSTS bit and switch back INTOSCA1.
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1.3.2.4 PLL-based Clock Module
Figure 1-23 shows the OSC and PLL block diagram.

OSCCLK OSCCLK
oo OSCCLK or
4 VCOCLK [ CLKIN =~
PLLSTS[OSCOFF] VCOCLK CPU

14

PLLSTS[PLLOFF]
PLLSTS[DIVSEL]

L—] 4-bit Multiplier PLLCR[DIV]

Figure 1-23. OSC and PLL Block

For devices that have X1 and X2 pins and when using XCLKIN as the external clock source, you must connect
X1 low and leave X2 disconnected.

Table 1-23. Possible PLL Configuration Modes

CLKIN and

PLL Mode Remarks PLLSTS[DIVSEL](") SYSCLKOUT®

PLL Off Invoked by the user setting the PLLOFF bit in the PLLSTS register. The 0,1 OSCCLK/4
PLL block is disabled in this mode. The CPU clock (CLKIN) can then be 2 OSCCLK/2
derived directly from any one of the following sources: INTOSC1, INTOSC2, 3 OSCCLK/M
XCLKIN pin or X1/X2 pins.This can be useful to reduce system noise and for
low power operation. The PLLCR register must first be set to 0x0000 (PLL
Bypass) before entering this mode. The CPU clock (CLKIN) is derived directly
from the input clock on either X1/X2, X1 or XCLKIN.

PLL Bypass PLL Bypass is the default PLL configuration upon power-up or after an 0,1 OSCCLK/4
external reset (XRS). This mode is selected when the PLLCR register is set 2 OSCCLK/2
to 0x0000 or while the PLL locks to a new frequency after the PLLCR register 3 OSCCLK/M
has been maodified. In this mode, the PLL itself is bypassed but the PLL is not
turned off.

PLL Enabled Achieved by writing a non-zero value n into the PLLCR register. Upon writing 0,1 OSCCLK*n/4
to the PLLCR, the device will switch to PLL Bypass mode until the PLL locks. 2 OSCCLK*n/2

3 OSCCLK*n/1

(1) PLLSTSIDIVSEL] must be 0 before writing to the PLLCR and should be changed only after PLLSTS[PLLLOCKS] = 1. See Figure 1-24.
(2) The input clock and PLLCR[DIV] bits should be chosen in such a way that the output frequency of the PLL (VCOCLK) is a minimum of

50 MHz.

1.3.2.4.1 PLL Control Registers

The PLLCR register is used to change the PLL multiplier of the device. Before writing to the PLLCR register, the
following requirements must be met:

+  The PLLSTS[DIVSEL] bit must be 0 (CLKIN divide by 4 enabled). Change PLLSTS[DIVSEL] only after the
PLL has completed locking, that is, after PLLSTS[PLLLOCKS] = 1.

Once the PLL is stable and has locked at the new specified frequency, the PLL switches CLKIN to the new value

as shown in Table 1-24. When this happens, the PLLLOCKS bit in the PLLSTS register is set, indicating that
the PLL has finished locking and the device is now running at the new frequency. User software can monitor the
PLLLOCKS bit to determine when the PLL has completed locking. Once PLLSTS[PLLLOCKS] = 1, DIVSEL can
be changed.

Follow the procedure in Figure 1-24 any time you are writing to the PLLCR register.
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Yes

No

Yes
PLLSTS[DIVSEL]

No

Device is operating in limp
mode. Take appropriate
action for your system.
Do not write to PLLCR.

Set PLLSTS[DIVSEL] =0

A

Set PLLSTS[MCLKOFF] = 1
to disable failed oscillator
detect logic

-

Set new PLLCR value

Set PLLIMCLKOFF] =0
to enable failed oscillator
detect logic.

i

If required,
PLLSTS [DIVSEL]
can now be changed.

Continue to wait for PLL
to lock. This is important
for time-critical software.

Figure 1-24. PLLCR Change Procedure Flow Chart
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1.3.2.4.1.1 PLL Control Register (PLLCR)

The DIV field in the PLLCR register controls whether the PLL is bypassed or not and sets the PLL clocking
ratio when it is not bypassed. PLL bypass is the default mode after reset. Do not write to the DIV field if the
PLLSTS[DIVSEL] bitis 10 or 11, or if the PLL is operating in limp mode as indicated by the PLLSTS[MCLKSTS]
bit being set. See the procedure for changing the PLLCR described in Figure 1-24.

Figure 1-25. PLL Control Register (PLLCR)

15

Reserved

DIV

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

R-0

Table 1-24. PLL Settings

R/W-0

SYSCLKOUT (CLKIN)(")

PLLCR[DIV] Value(?

PLLSTS[DIVSEL] =0 or 1

PLLSTS[DIVSEL] = 2

PLLSTS[DIVSEL] = 3

0000 (PLL bypass)

0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101-1111

OSCCLK/4 (Default)

(OSCCLK * 1)/4
(OSCCLK * 2)/4
(OSCCLK * 3)/4
(OSCCLK * 4)/4
(OSCCLK * 5)/4
(OSCCLK * 6)/4
(OSCCLK * 7)/4
(OSCCLK * 8)/4
(OSCCLK * 9)/4
(OSCCLK * 10)/4
(OSCCLK * 11)/4
(OSCCLK * 12)/4
Reserved

OSCCLK/2
(OSCCLK *1)/2
(OSCCLK * 2)/2
(OSCCLK * 3)/2
(OSCCLK * 4)/2
(OSCCLK * 5)/2
(OSCCLK * 6)/2
(OSCCLK * 7)/2
(OSCCLK * 8)/2

(OSCCLK *9)/2
(OSCCLK * 10)/2
(OSCCLK * 11)/2
(OSCCLK * 12)/2
Reserved

OSCCLK/1
(OSCCLK * 1)1
(OSCCLK * 2)/1
(OSCCLK * 3)/1
(OSCCLK * 4)/1
(OSCCLK * 5)/1
(OSCCLK * 6)/1
(OSCCLK * 7)1
(OSCCLK * 8)/1
(OSCCLK *9)/1
(OSCCLK * 10)/1
(OSCCLK * 11)/1
(OSCCLK * 12)/1
Reserved

(1) PLLSTSIDIVSEL] must be 0 or 1 before writing to the PLLCR and should be changed only after PLLSTS[PLLLOCKS] = 1. See Figure

1-24.

(2) The PLL control register (PLLCR) and PLL Status Register (PLLSTS) are reset to their default state by the XRS signal or a watchdog

reset only. A reset issued by the debugger or the missing clock detect logic have no effect.
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1.3.2.4.1.2 PLL Status (PLLSTS) Register
Figure 1-26. PLL Status (PLLSTS) Register
15 14 9 8
NORMRDYE Reserved DIVSEL
R/W-0 R-0 R/W-0
7 6 5 3 2 1 0
DIVSEL MCLKOFF OSCOFF MCLKCLR MCLKSTS PLLOFF Reserved PLLLOCKS
R/W-0 R/W-0 R/W-0 R/W-0 R-0 R/W-0 R-0 R-1

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-25. PLL Status (PLLSTS) Register Field Descriptions

Bits Field

Value

Description (1) @)

15 NORMRDYE

NORMRDY Enable Bit: This bit selects if NORMRDY signal from VREG
gates the PLL from turning on when the VREG is out of regulation. It may be
required to keep the PLL off while coming in and out of HALT mode and this
signal can be used for that purpose:

NORMRDY signal from VREG does not gate PLL (PLL ignores NORMRDY)
NORMRDY signal from VREG will gate PLL (PLL off when NORMRDY low)

The NORMRDY signal from the VREG is low when the VREG is out of
regulation and this signal will go high if the VREG is within regulation.

14-9 Reserved

Any writes to these bit(s) must always have a value of 0.

8:7 DIVSEL

00, 01
10
1"

Divide Select: This bit selects between /4, /2, and /1 for CLKIN to the CPU.
The configuration of the DIVSEL bit is as follows:

Select Divide By 4 for CLKIN
Select Divide By 2 for CLKIN
Select Divide By 1 for CLKIN

6 MCLKOFF

Missing clock-detect off bit
Main oscillator fail-detect logic is enabled. (default)

Main oscillator fail-detect logic is disabled and the PLL will not issue a limp-
mode clock. Use this mode when code must not be affected by the detection
circuit. For example, if external clocks are turned off.

5 OSCOFF

Oscillator Clock Off Bit
The OSCCLK signal from X1, X1/X2 or XCLKIN is fed to the PLL block.
(default)

The OSCCLK signal from X1, X1/X2 or XCLKIN is not fed to the PLL block.
This does not shut down the internal oscillator. The OSCOFF bit is used for
testing the missing clock detection logic.

When the OSCOFF bit is set, do not enter HALT or STANDBY modes or write

to PLLCR as these operations can result in unpredictable behavior.

When the OSCOFF bit is set, the behavior of the watchdog is different

depending on which input clock source (X1, X1/X2 or XCLKIN) is being used:

* X1 or X1/X2: The watchdog is not functional.

+  XCLKIN: The watchdog is functional and should be disabled before
setting OSCOFF.
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Table 1-25. PLL Status (PLLSTS) Register Field Descriptions (continued)
Bits Field Value Description (1) 2

4 MCLKCLR Missing Clock Clear Bit.
0 Writing a 0 has no effect. This bit always reads 0.

Forces the missing clock detection circuits to be cleared and reset. If
OSCCLK is still missing, the detection circuit will again generate a reset to
the system, set the missing clock status bit (MCLKSTS), and the CPU will be
clocked by the PLL operating at a limp mode frequency.

3 MCLKSTS Missing Clock Status Bit. Check the status of this bit after a reset to
determine whether a missing oscillator condition was detected. Under normal
conditions, this bit should be 0. Writes to this bit are ignored. This bit will be
cleared by writing to the MCLKCLR bit or by forcing an external reset.

0 Indicates normal operation. A missing clock condition has not been detected.

Indicates that OSCCLK was detected as missing. The main oscillator fail
detect logic has reset the device and the CPU is now clocked by the PLL
operating at the limp mode frequency.

When the missing clock detection circuit automatically switches between
OSCCLKSRC2 to OSCCLKSRC1 (upon detecting OSCCLKSRC2 failure),
this bit will be automatically cleared and the missing clock detection circuit will
be re-enabled. For all other cases, the user needs to re-enable this mode by
writing a 1 to the MCLKCLR bit.

2 PLLOFF PLL Off Bit. This bit turns off the PLL. This is useful for system noise testing.
This mode must only be used when the PLLCR register is set to 0x0000.

0 PLL On (default)

PLL Off. While the PLLOFF bit is set the PLL module will be kept powered
down.

The device must be in PLL bypass mode (PLLCR = 0x0000) before writing
a 1 to PLLOFF. While the PLL is turned off (PLLOFF = 1), do not write a
non-zero value to the PLLCR.

The STANDBY and HALT low power modes will work as expected when
PLLOFF = 1. After waking up from HALT or STANDBY the PLL module will
remain powered down.

1 Reserved Any writes to these bit(s) must always have a value of 0.
0 PLLLOCKS PLL Lock Status Bit.
0 Indicates that the PLLCR register has been written to and the PLL is currently
locking. The CPU is clocked by OSCCLK/2 until the PLL locks.
1 Indicates that the PLL has finished locking and is now stable.

(1) This register is reset to its default state only by the XRS signal or a watchdog reset. It is not reset by a missing clock or debugger reset.
(2) This register is EALLOW protected. See Section 1.5.2 for more information.
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1.3.2.4.1.3 PLL Lock Period (PLLLOCKPRD) Register
Figure 1-27. PLL Lock Period (PLLLOCKPRD) Register
15 0
PLLLOCKPRD
R/W-FFFFh
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 1-26. PLL Lock Period (PLLLOCKPRD) Register Field Descriptions
Bit |Field Value |Description (1) 2)
15-0 |PLLLOCKPRD PLL Lock Counter Period Value
0 These 16-bits select the PLL lock counter period. This value is programmable, so shorter PLL lock-

time can be programmed by user. The user needs to compute the number of OSCCLK cycles (based
on the OSCCLK value used in the design) and update this register.

1 PLL Lock Period
FFFFh |65535 OSCLK Cycles (default on reset)
FFFEh |65534 OSCLK Cycles

0001h |1 OSCCLK Cycles
0000h |0 OSCCLK Cycles (no PLL lock period)

(1) PLLLOCKPRD is affected by XRSn signal only.
(2) This register is EALLOW protected. See Section 1.5.2 for more information.

1.3.2.5 Input Clock Fail Detection

It is possible for the clock source of the device to fail. When the PLL is not disabled, the main oscillator fail logic
allows the device to detect this condition and handle it as described in this section.

Two counters are used to monitor the presence of the OSCCLK signal as shown in Figure 1-28. The first counter
is incremented by the OSCCLK signal itself. When the PLL is not turned off, the second counter is incremented
by the VCOCLK coming out of the PLL block. These counters are configured such that when the 7-bit OSCCLK
counter overflows, it clears the 13-bit VCOCLK counter. In normal operating mode, as long as OSCCLK is
present, the VCOCLK counter will never overflow.

If the OSCCLK input signal is missing, then the PLL will output a default limp mode frequency and the VCOCLK
counter will continue to increment. Since the OSCCLK signal is missing, the OSCCLK counter will not increment,
and therefore, the VCOCLK counter is not periodically cleared. Eventually, the VCOCLK counter overflows. This
signals a missing clock condition to the missing-clock-detection logic. What happens next is based on which
clock source has been chosen for the PLL and the value of NMIRESETSEL.
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Figure 1-28. Clocking and Reset Logic
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Case A:
INTOSC1 is used as the clock source. NMIWD is disabled (NMIRESETSEL = 0)

Failure of INTOSC1 causes PLL to issue a limp mode clock. The system continues to function with the limp clock
and so does the VCOCLK counter. Eventually, VCOCLK counter overflows and issues a CLOCKFAIL signal
(MCLKSTS bit is set) and the missing clock detection logic resets the CPU, peripherals, and other device logic
by way of MCLKRS. The exact delay (from the time the clock was stopped to the time a reset is asserted)
depends on the VCOCLK counter value when the INTOSC1 clock vanished. The MCLKSTS bit is only affected
by XRS, not by a missing clock reset. So, after a reset, code can examine this bit to determine if the reset was
due to a missing clock and take appropriate action. Note that even though the CLOCKFAIL signal is generated,
the NMIWDCNTR will not count.

Case B:
INTOSC1 is used as the clock source. NMIWD is enabled (NMIRESETSEL = 1)

Failure of INTOSC1 causes PLL to issue a limp mode clock. The system continues to function with the limp
clock and so does the VCOCLK counter. Eventually, the VCOCLK counter overflows and issues CLOCKFAIL
(MCLKSTS bit is set), which asserts the NMI and starts the NMIWDCNTR. If NMIWDCNTR is allowed to reach
the NMIWDPRD value, a reset ( MCLKRS) is asserted. In the interim period, the application could choose to
gracefully shut down the system before a reset is generated. Inside the NMI_ISR, the flags in NMIFLG register
may be cleared, which prevents a reset.

In case A, reset is inevitable and cannot be delayed. In case B, the software can

* Choose to clear the flags to prevent a reset.
* Perform a graceful shutdown of the system.
+ Switch to OSCCLKSRC2, if need be.

Case C:

OSCCLKSRC2 (INTOSC2 or X1/X2 or XCLKIN) is used as the clock source. NMIWD is disabled
(NMIRESETSEL = 0)

When the VCOCLK counter overflows (due to loss of OSCCLKSRC?2), the Missing-Clock-Detect circuit
recognizes the missing clock condition. CLOCKFAIL will be generated (but it is of no consequence). Since
NMIRESETSEL=0, the device will be reset. No switching of clock source happens, since the device is reset. This
is similar to Case A.

Case D:

OSCCLKSRC2 (INTOSC2 or X1/X2 or XCLKIN) is used as the clock source. NMIWD is enabled
(NMIRESETSEL =1)

When the VCOCLK counter overflows (due to loss of OSCCLKSRCZ2), the Missing-Clock-Detect circuit
recognizes the missing clock condition. CLOCKFAIL is generated and OSCCLK is switched to INTOSC1. For
this reason, INTOSC1 should not be disabled in user code. The MCLKSTS bit is set, but cleared automatically
after the clock switch. PLLCR is zeroed. The user must reconfigure PLLCR. Since NMIRESETSEL=1, NMI
interrupt will be triggered and PLL could be reconfigured there. Inside the NMI_ISR, the flags in the NMIFLG
register may be cleared, which prevents a reset. If INTOSC1 also fails, this becomes similar to Case B. The
advantage of using OSCCLKSRC2 as the source for the PLL is that the clock source is automatically switched to
INTOSC1 upon loss of OSCCLKSRC2.
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1.3.2.6 Missing Clock Reset and Missing Clock Status

The MCLKRS is an internal reset only. The external XRS pin of the device is not pulled low by MCLKRS , and
the PLLCR and PLLSTS registers are not reset. In addition to resetting the device, the missing clock detect logic
sets the PLLSTS[MCLKSTS] register bit. When the MCLKSTS bit is 1, this indicates that the missing oscillator
detect logic has reset the part and that the CPU is now running at the limp mode frequency.

Software should check the PLLSTS[MCLKSTS] bit after a reset to determine if the device was reset by MCLKRS
due to a missing clock condition. If MCLKSTS is set, then the firmware should take the action appropriate

for the system such as a system shutdown. The missing clock status can be cleared by writing a 1 to the
PLLSTS[MCLKCLR] bit. This will reset the missing clock detection circuits and counters. If OSCCLK is still
missing after writing to the MCLKCLR bit, then the VCOCLK counter again overflows and the process will repeat.

Note
Applications in which the correct CPU operating frequency is absolutely critical should implement a
mechanism by which the DSP will be held in reset should the input clocks ever fail. For example, an
R-C circuit may be used to trigger the XRS pin of the DSP should the capacitor ever get fully charged.
An I/O pin may be used to discharge the capacitor on a periodic basis to prevent it from getting fully
charged. Such a circuit would also help in detecting failure of the flash memory.

The following precautions and limitations should be kept in mind:

* Use the proper procedure when changing the PLL Control Register. Always follow the procedure
outlined in Figure 1-24 when modifying the PLLCR register.

* Do not write to the PLLCR register when the device is operating in limp mode. When writing to the
PLLCR register, the device switches to the CPU's CLKIN input to OSCCLK/2. When operating after limp
mode has been detected, OSCCLK may not be present and the clocks to the system will stop. Always check
that the PLLSTS[MCLKSTS] bit = 0 before writing to the PLLCR register as described in Figure 1-24.

* Do not enter HALT low power mode when the device is operating in limp mode. If you try to enter HALT
mode when the device is already operating in limp mode then the device may not properly enter HALT. The
device may instead enter STANDBY mode or may hang and you may not be able to exit HALT mode. For this
reason, always check that the PLLSTS[MCLKSTS] bit = 0 before entering HALT mode.

The following list describes the behavior of the missing clock detect logic in various operating modes:
* PLL by-pass mode

When the PLL control register is set to 0x0000, the PLL is bypassed. Depending on the state of the
PLLSTS[DIVSEL] bit, OSCCLK, OSCCLK/2, or OSCCLK/4 is connected directly to the CPU's input clock,
CLKIN. If the OSCCLK is detected as missing, the device will automatically switch to the PLL’s limp mode
clock. Further behavior is determined by the clock source used for OSCCLK and the value of NMIRESETSEL
bit as explained before.

« STANDBY low power mode

In this mode, the CLKIN to the CPU is stopped. If a missing input clock is detected, the missing clock status
bit will be set and the device will generate a missing clock reset. If the PLL is in by-pass mode when this
occurs, then one-half of the PLL limp frequency will automatically be routed to the CPU. The device will now
run at the PLL limp mode frequency or at one-half or one-fourth of the PLL limp mode frequency, depending
on the state of the PLLSTS[DIVSEL] bit.

e HALT low power mode

In HALT low power mode, all of the clocks to the device are turned off. When the device comes out of

HALT mode, the oscillator and PLL will power up. The counters that are used to detect a missing input

clock (VCOCLK and OSCCLK) will be enabled only after this power-up has completed. If VCOCLK counter
overflows, the missing clock detect status bit will be set and the device will generate a missing clock reset.

If the PLL is in by-pass mode when the overflow occurs, then one-half of the PLL limp frequency will
automatically be routed to the CPU. The device will now run at the PLL limp mode frequency or at one-half or
one-fourth of the PLL limp mode frequency depending on the state of the PLLSTS[DIVSEL] bit.
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1.3.2.7 NMI Interrupt and Watchdog

The NMI watchdog (NMIWD) is used to detect and aid in recovery from a clock failure condition. The NMI
interrupt enables the monitoring of a clock failure. In 280x/2833x/2823x devices, when the VCOCLK counter
overflows (due to loss of input clock), a missing clock condition is detected and a missing-clock-reset (MCLKRS)
is generated immediately. In this device, a CLOCKFAIL signal is generated first, which is then applied to the NMI
watchdog circuit and a reset can be generated after a preprogrammed delay. Alternatively, an interrupt can be
asserted. This feature is not enabled upon power-up, however. That is, when this device first powers up, the
MCLKRS signal is generated immediately upon a clock failure like on 280x/2833x/2823x devices. The user must
enable the generation of the NMI signal with the CLKCTL[NMIRESETSEL] bit. Note that the NMI watchdog is
different from the watchdog described in Section 1.3.4.

When the OSCCLK goes missing, the CLOCKFAIL signal triggers the NMI and gets the NMIWD counter running.
In the NMI ISR, the application is expected to take corrective action (such as switch to an alternate clock source)
and clear the CLOCKFAIL and NMIINT flags. If this is not done, the NMIWDCTR overflows and generates

an NMI reset (NMIRS) after a preprogrammed number of SYSCLKOUT cycles. NMIRS is fed to MCLKRS to
generate a system reset back into the core. The purpose of this is to allow software to gracefully shut down the
system before a reset is generated. Note that NMI reset will not be reflected on the XRS pin and is internal to the
device.

The CLOCKEFAIL signal could also be used to activate the TZ5 signal to drive the PWM pins into a high
impedance state. This allows the PWM outputs to be tripped in case of clock failure. Figure 1-29 shows the
CLOCKEFAIL interrupt mechanism. Likewise, TZ6 is connected to EMUSTOP output from the CPU. This allows
the user to configure trip action during a CPU halt, such as during emulation or debug sessions.

NMIFLG[NMINT]

A
NMIFLGCLR[NMINT] —>{Clear
Latch |—o
Set Clear
XRS
Generate ) NMIFLG[CLOCKFAIL]
Interrupt T Clear +— NMIFLGCLR[CLOCKFAIL]
<«— NMINT Pulse

—LI— When 0 Latch SYNC? CLOCKFAIL
Input =1 Clear Set ‘ SYSCLKOUT
NMICFGICLOCKFAIL]

R NMIFLGFRC[CLOCKFAIL]

SYSCLKOUT

| —SYsRs
NMIWDPRD[15:0] |

Iy
NMIWDCNT[15:0] | ——| NI Watchdog |————NmIRs T oo et

A. The NMI watchdog module is clocked by SYSCLKOUT. Due to the limp mode function of the PLL, SYSCLKOUT is present even if the
source clock for OSCCLK fails.

Figure 1-29. Clock Fail Interrupt
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1.3.2.7.1 NMI Interrupt Registers
The NMI Interrupt support registers are listed in Table 1-27.
Table 1-27. NMI Interrupt Registers

Name Address Size (x16) EALLOW  Description Bit Description
Range

NMICFG 0x7060 1 Yes NMI Configuration Register Section 1.3.2.7.1.1
NMIFLG 0x7061 1 Yes NMI Flag Register Section 1.3.2.7.1.2
NMIFLGCLR 0x7062 1 Yes NMI Flag Clear Register Section 1.3.2.7.1.3
NMIFLGFRC 0x7063 1 Yes NMI Flag Force Register Section 1.3.2.7.1.4
NMIWDCNT 0x7064 1 - NMI Watchdog Counter Register Section 1.3.2.7.1.5
NMIWDPRD 0x7065 1 Yes NMI Watchdog Period Register Section 1.3.2.7.1.6

1.3.2.7.1.1 NMI Configuration (NMICFG) Register
Figure 1-30. NMI Configuration (NMICFG) Register Bit Definitions (EALLOW)

15 2 1 0
Reserved ‘ CLOCKFAIL ‘ Reserved
R-0 RIW-0 R-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-28. NMI Configuration (NMICFG) Register Bit Definitions (EALLOW)

Bits |[Name Value |Description

15-2 |Reserved Any writes to these bit(s) must always have a value of 0.

1 |CLOCKFAIL CLOCKFAIL-interrupt Enable Bit: This bit, when set to 1 enables the CLOCKFAIL condition to generate
an NMI interrupt. Once enabled, the flag cannot be cleared by the user. Only a device reset clears the
flag. Writes of 0 are ignored. Reading the bit will indicate if the flag is enabled or disabled:

0 CLOCKEFAIL Interrupt Disabled
1 CLOCKFAIL Interrupt Enabled

0 |[Reserved Any writes to these bit(s) must always have a value of 0.
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1.3.2.7.1.2 NMI Flag (NMIFLG) Register
Figure 1-31. NMI Flag (NMIFLG) Register Bit Definitions (EALLOW Protected)

15 2 1 0
Reserved ‘ CLOCKFAIL ‘ NMIINT
R-0 R-0 R-0

LEGEND: R = Read only; -n = value after reset

Table 1-29. NMI Flag (NMIFLG) Register Bit Definitions (EALLOW Protected)
Bits |Name Value | Description (1)

15-2 |Reserved Any writes to these bit(s) must always have a value of 0.

1 |CLOCKFAIL CLOCKEFAIL Interrupt Flag: This bit indicates if the CLOCKFAIL condition is latched. This bit can be
cleared only by writing to the respective bit in the NMIFLGCLR register or by a device reset ( XRS):

0 No CLOCKFAIL condition pending
1 CLOCKEFAIL condition detected. This bit will be set in the event of any clock failure.

0 |NMIINT NMI Interrupt Flag: This bit indicates if an NMI interrupt was generated. This bit can only be cleared by
writing to the respective bit in the NMIFLGCLR register or by an XRS reset:

0 No NMI interrupt generated

1 NMI interrupt generated
No further NMI interrupts are generated until you clear this flag.

(1)  The NMIFLG register is only reset by the XRS signal, not SYSRS

1.3.2.7.1.3 NMI Flag Clear (NMIFLGCLR) Register
Figure 1-32. NMI Flag Clear (NMIFLGCLR) Register Bit Definitions (EALLOW Protected)

15 2 1 0
Reserved ‘ CLOCKFAIL ‘ NMIINT ‘
R-0 W-0 W-0

LEGEND: R = Read only; W = Write only; -n = value after reset

Table 1-30. NMI Flag Clear (NMIFLGCLR) Register Bit Definitions (EALLOW Protected)

Bits [Name Value |Description

15-2 |Reserved Any writes to these bit(s) must always have a value of 0.
1 |CLOCKFAIL () CLOCKFAIL Flag Clear

0 | Writes of 0 are ignored. Always reads back 0.

1 Writing a 1 to the respective bit clears the corresponding flag bit in the NMIFLG register.
0 [NMINT® NMI Flag Clear
0 Writes of O are ignored. Always reads back 0.

1 Writing a 1 to the respective bit clears the corresponding flag bit in the NMIFLG register.

(1) If hardware is trying to set a bit to 1 while software is trying to clear a bit to 0 on the same cycle, hardware has priority. You should clear
the pending CLOCKFAIL flag first and then clear the NMIINT flag.
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1.3.2.7.1.4 NMI Flag Force (NMIFLGFRC) Register
Figure 1-33. NMI Flag Force (NMIFLGFRC) Register Bit Definitions (EALLOW Protected)

15 2 1 0
Reserved ‘ CLOCKFAIL ‘ Reserved ‘
R-0 W-0 R-0

LEGEND: R = Read only; W = Write only; -n = value after reset

Table 1-31. NMI Flag Force (NMIFLGFRC) Register Bit Definitions (EALLOW Protected)

Bits |[Name Value |Description
15-2 |Reserved Any writes to these bit(s) must always have a value of 0.
1 |CLOCKFAIL CLOCKEFAIL flag force
0 Writes of 0 are ignored. Always reads back 0. This can be used as a means to test the NMI
mechanisms.
1 Writing a 1 sets the CLOCKFAIL flag.
0 |Reserved Any writes to these bit(s) must always have a value of zero.

1.3.2.7.1.5 NMI Watchdog Counter (NMIWDCNT) Register
Figure 1-34. NMI Watchdog Counter (NMIWDCNT) Register Bit Definitions

15

NMIWDCNT

R-0

LEGEND: R = Read only; -n = value after reset

Table 1-32. NMI Watchdog Counter (NMIWDCNT) Register Bit Definitions

Bits

Name

Value

Description

15-0

NMIWDCNT

NMI Watchdog Counter: This 16-bit incremental counter will start incrementing whenever any one of the
enabled FAIL flags are set. If the counter reaches the period value, an NMIRS signal is fired, which
then resets the system. The counter resets to zero when it reaches the period value and then restarts
counting if any of the enabled FAIL flags are set.

If no enabled FAIL flag is set, then the counter resets to zero and remains at zero until an enabled FAIL
flag is set.

Normally, the software would respond to the NMI interrupt generated and clear the offending FLAGs
before the NMI watchdog triggers a reset. In some situations, the software may decide to allow the
watchdog to reset the device anyway.

The counter is clocked at the SYSCLKOUT rate. Reset value of this counter is zero.
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1.3.2.7.1.6 NMI Watchdog Period (NMIWDPRD) Register

Figure 1-35. NMI Watchdog Period (NMIWDPRD) Register Bit Definitions (EALLOW Protected)
15 0

NMIWDPRD

R/W-OxFFFF

LEGEND: R/W = Read/Write; -n = value after reset

Table 1-33. NMI Watchdog Period (NMIWDPRD) Register Bit Definitions (EALLOW Protected)
Bits |Name Type |Description

15-0 |NMIWDPRD R/W |NMI Watchdog Period: This 16-bit value contains the period value at which a reset is generated when
the watchdog counter matches. At reset this value is set at the maximum. The software can decrease
the period value at initialization time.

Writing a PERIOD value that is equal to the current counter value automatically forces an NMIRS and
resets the watchdog counter. If a PERIOD value is written that is smaller than the current counter
value, the counter will continue counting until it overflows and starts counting up again from 0. After the
overflow, once the COUNTER value equals the new PERIOD value, an NMIRS is forced which resets
the watchdog counter.

1.3.2.7.2 NMI Watchdog Emulation Considerations

The NMI watchdog module does not operate when trying to debug the target device (emulation suspend such as
breakpoint). The NMI watchdog module behaves as follows under various debug conditions:

CPU Suspended: When the CPU is suspended, the NMI watchdog counter is suspended.
Run-Free Mode: When the CPU is placed in run-free mode, the NMI watchdog counter resumes operation as
normal.

Real-Time Single-Step Mode: When the CPU is in real-time single-step mode, the NMI watchdog counter is suspended. The
counter remains suspended even within real-time interrupts.

Real-Time Run-Free Mode: When the CPU is in real-time run-free mode, the NMI watchdog counter operates as normal.
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1.3.2.8 XCLKOUT Generation

The XCLKOUT signal is directly derived from the system clock SYSCLKOUT as shown in Figure 1-36.
XCLKOUT can be either equal to, one-half, or one-fourth of SYSCLKOUT. By default, at power-up, XCLKOUT =
SYSCLKOUT/4 or XCLKOUT = OSCCLK/16.

If XCLKOUT is not being used, it can be turned off by setting the XCLKOUTDIV bit to 3 in the XCLK register.

SN
0
PLL Bypass > /4 or
1 —» /4 90,0
OSCCLK - 28x CPU
CLKIN o sl 0.1 [ pXxcLKOUT
SYSCLKOUT 1o Pin
P : '
PLL 20 L
A T
[ PLcR ] | PLLsTSDIVSEL] | | xcLkixcLkoutpivi |

D Default at reset

Figure 1-36. XCLKOUT Generation

1.3.2.9 External Reference Oscillator Clock Option

Tl recommends that customers have the resonator/crystal vendor characterize the operation of their device with
the device chip. The resonator/crystal vendor has the equipment and expertise to tune the tank circuit. The
vendor can also advise the customer regarding the proper tank component values to provide proper start-up and
stability over the entire operating range.

1.3.3 Low-Power Modes Block
Table 1-34 summarizes the various modes. The various low-power modes operate as shown in Table 1-35.

See the TMS320F2803x Real-Time Microcontrollers Data Manual for exact timing for entering and exiting the
low power modes.

The low-power modes are controlled by the LPMCRO register described in Section 1.3.3.1.

Table 1-34. Low-Power Mode Summary
Mode LPMCRO[1:0] OSCCLK CLKIN SYSCLKOUT Exit("
IDLE 00 On On On XRS,

Watchdog interrupt,
Any enabled interrupt

STANDBY 01 On Off Off XRS,
(watchdog still running) Watchdog interrupt,
GPIO Port A signal,
Debugger(?)
HALT 1X Off Off Off XRS,
(oscillator and PLL turned off, GPIO Port A Signal,
watchdog not functional) Debugger(?

(1)  The Exit column lists which signals or under what conditions the low power mode is exited. This signal must be kept low long enough
for an interrupt to be recognized by the device. Otherwise the IDLE mode is not exited and the device goes back into the indicated low
power mode.

(2) On the 28x, the JTAG port can still function even if the clock to the CPU (CLKIN) is turned off.
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Table 1-35. Low Power Modes

Mode

Description

IDLE
Mode:

This mode is exited by any enabled interrupt. The LPM block itself performs no tasks during this mode.

STANDBY
Mode:

If the LPM bits in the LPMCRO register are set to 01, the device enters STANDBY mode when the IDLE instruction is
executed. In STANDBY mode the clock input to the CPU (CLKIN) is disabled, which disables all clocks derived from
SYSCLKOUT. The oscillator and PLL and watchdog will still function. Before entering the STANDBY mode, you should
perform the following tasks:

+ Enable the WAKEINT interrupt in the PIE module. This interrupt is connected to both the watchdog and the low
power mode module interrupt.

« If desired, specify one of the GPIO port A signals to wake the device in the GPIOLPMSEL register. The
GPIOLPMSEL register is part of the GPIO module. In addition to the selected GPIO signal, the XRS input and
the watchdog interrupt, if enabled in the LPMCRO register, can wake the device from the STANDBY mode.

» Select the input qualification in the LPMCRO register for the signal that will wake the device.

When the selected external signal goes low, it must remain low a number of OSCCLK cycles as specified by the
qualification period in the LPMCRO register. If the signal should be sampled high during this time, the qualification will
restart. At the end of the qualification period, the PLL enables the CLKIN to the CPU and the WAKEINT interrupt is
latched in the PIE block. The CPU then responds to the WAKEINT interrupt if it is enabled.

HALT
Mode:

If the LPM bits in the LPMCRO register are set to 1x, the device enters the HALT mode when the IDLE instruction is
executed. In HALT mode all of the device clocks, including the PLL and oscillator, are shut down. Before entering the
HALT mode, you should perform the following tasks:

» Enable the WAKEINT interrupt in the PIE module (PIEIER1.8 = 1). This interrupt is connected to both the watchdog
and the Low-Power-Mode module interrupt.

»  Specify one of the GPIO port A signals to wake the device in the GPIOLPMSEL register. The GPIOLPMSEL register
is part of the GPIO module. In addition to the selected GPIO signal, the XRS input can also wake the device from
the HALT mode.

» Disable all interrupts with the possible exception of the HALT mode wakeup interrupt. The interrupts can be
re-enabled after the device is brought out of HALT mode.

1. For device to exit HALT mode properly, the following conditions must be met:
Bit 7 (INT1.8) of PIEIER1 register should be 1.

Bit 0 (INT1) of IER register must be 1.
2. If the above conditions are met,
a. WAKE_INT ISR will be executed first, followed by the instructions after IDLE, if INTM = 0.
b.  WAKE_INT ISR will not be executed and instructions after IDLE will be executed, if INTM = 1.

Do not enter HALT low power mode when the device is operating in limp mode (PLLSTS[MCLKSTS] = 1).

If you try to enter HALT mode when the device is already operating in limp mode then the device may not properly enter
HALT. The device may instead enter STANDBY mode or may hang and you may not be able to exit HALT mode. For
this reason, always check that the PLLSTS[MCLKSTS] bit = 0 before entering HALT mode.

When the selected external signal goes low, it is fed asynchronously to the LPM block. The oscillator is turned on and
begins to power up. You must hold the signal low long enough for the oscillator to complete power up. When the signal
is held low for enough time and driven high, this will asynchronously release the PLL and it will begin to lock. Once the
PLL has locked, it feeds the CLKIN to the CPU at which time the CPU responds to the WAKEINT interrupt if enabled.
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1.3.3.1 Low Power Mode Control 0 Register (LPMCRO0)
Figure 1-37. Low Power Mode Control 0 Register (LPMCRO)

15 14 8 7 2 1 0
WDINTE Reserved ‘ QUALSTDBY ‘ LPM
R/W-0 R-0 R/W-0x3F R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-36. Low Power Mode Control 0 Register (LPMCRO) Field Descriptions
Bits Field Value Description ()
15 WDINTE Watchdog interrupt enable
0 The watchdog interrupt is not allowed to wake the device from STANDBY. (default)

The watchdog is allowed to wake the device from STANDBY. The watchdog interrupt must also
be enabled in the SCSR Register.

14-8 Reserved Any writes to these bit(s) must always have a value of 0.

7-2 QUALSTDBY Select number of OSCCLK clock cycles to qualify the selected GPIO inputs that wake the device
from STANDBY mode. This qualification is only used when in STANDBY mode. The GPIO
signals that can wake the device from STANDBY are specified in the GPIOLPMSEL register.

000000 |2 OSCCLKs
000001 |3 OSCCLKs

111111 |65 OSCCLKSs (default)

1-0 LPM @ These bits set the low-power mode for the device.
00 Set the low-power mode to IDLE (default)

01 Set the low-power mode to STANDBY

10 Set the low-power mode to HALT )

1 Set the low-power mode to HALT )

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.

(2) The low-power mode bits (LPM) only take effect when the IDLE instruction is executed. Therefore, you must set the LPM bits to the
appropriate mode before executing the IDLE instruction.

(3) If you try to enter HALT mode when the device is already operating in limp mode, then the device may not properly enter HALT. The
device may instead enter STANDBY mode or may hang and you may not be able to exit HALT mode. For this reason, always check
that the PLLSTS[MCLKSTS] bit = 0 before entering HALT mode.

1.3.3.2 Options for Automatic Wakeup in Low-power Modes

The device provides two options to automatically wake up from HALT and STANDBY modes, without the need
for an external stimulus:

Wakeup from HALT: Set WDHALTI bit in CLKCTL register to 1. When the device wakes up from HALT, it will be
through a CPU-watchdog reset. The WDFLAG bit in the WDCR register can be used to differentiate between a
CPU-watchdog-reset and a device reset.

Wakeup from STANDBY: Set WDINTE bit in LPMCRO register to 1. When the device wakes up from STANDBY,
it will be through the WAKEINT interrupt (Interrupt 1.8 in the PIE).
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1.3.4 CPU Watchdog Block

The watchdog module generates an output pulse, 512 oscillator-clocks (OSCCLK) wide whenever the 8-bit
watchdog up counter has reached its maximum value. To prevent this, either disable the counter or the software
must periodically write a 0x55 + 0xAA sequence into the watchdog key register, which resets the watchdog
counter. Figure 1-38 shows the various functional blocks within the watchdog module.

| WDCR (WDPS[2:0]) | | WDCR (WDDIS)l

WDCNTR(7:0)

Watchdog WDCLK R 8-Bit

OSCCLKSRC1 or OSCCLKSRC2
» /512

\4

Prescaler Watchdog
Counter
CLR
Clear Counter +
Internal +
Pullup
WDKEY(7:0)
Generate %
Watchdog 4>_D—y Output Pulse WDINT
55 +AA Good Key P (512 OSCCLKs) |——»
Key Detector
XRS +
Bad
Core-reset WDCHK | SCSR (WDENINT) |
WDCR (WDCHK[2:0]) Key

WDRST(®)

A. The WDRST and XRS signals are driven low for 512 OSCCLK cycles when a watchdog reset occurs. Likewise, if the watchdog interrupt
is enabled, the WDINT signal will be driven low for 512 OSCCLK cycles when an interrupt occurs.

Figure 1-38. CPU Watchdog Module
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1.3.4.1 Servicing The Watchdog Timer

The WDCNTR is reset when the proper sequence is written to the WDKEY register before the 8-bit watchdog
counter (WDCNTR) overflows. The WDCNTR is reset-enabled when a value of 0x55 is written to the WDKEY.
When the next value written to the WDKEY register is 0xAA then the WDCNTR is reset. Any value written to
the WDKEY other than 0x55 or OxAA causes no action. Any sequence of 0x55 and OxAA values can be written
to the WDKEY without causing a system reset; only a write of 0x55 followed by a write of 0xAA to the WDKEY
resets the WDCNTR.

Table 1-37. Example Watchdog Key Sequences

Step Value Written to WDKEY Result
1 0xAA No action
2 0xAA No action
3 0x55 WDCNTR is enabled to be reset if next value is OxAA.
4 0x55 WDCNTR is enabled to be reset if next value is OxAA.
5 0x55 WDCNTR is enabled to be reset if next value is OxAA.
6 0xAA WDCNTR is reset.
7 0xAA No action
8 0x55 WDCNTR is enabled to be reset if next value is OxAA.
9 0xAA WDCNTR is reset.
10 0x55 WDCNTR is enabled to be reset if next value is OxAA.
1" 0x32 Improper value written to WDKEY.

No action, WDCNTR no longer enabled to be reset by next OxAA.

12 0xAA No action due to previous invalid value.
13 0x55 WDCNTR is enabled to be reset if next value is OxAA.
14 OxAA WDCNTR is reset.

Step 3 in Table 1-37 is the first action that enables the WDCNTR to be reset. The WDCNTR is not actually reset
until step 6. Step 8 again re-enables the WDCNTR to be reset and step 9 resets the WDCNTR. Step 10 again
re-enables the WDCNTR to be reset. Writing the wrong key value to the WDKEY in step 11 causes no action,
however the WDCNTR is no longer enabled to be reset and the 0xAA in step 12 now has no effect.

If the watchdog is configured to reset the device, then a WDCR overflow or writing the incorrect value to the
WDCR[WDCHK] bits will reset the device and set the watchdog flag (WDFLAG) in the WDCR register. After a
reset, the program can read the state of this flag to determine the source of the reset. After reset, the WDFLAG
should be cleared by software to allow the source of subsequent resets to be determined. Watchdog resets are
not prevented when the flag is set.
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1.3.4.2 Watchdog Reset or Watchdog Interrupt Mode

The watchdog can be configured in the SCSR register to either reset the device (WDRST) or assert an interrupt
(WDINT) if the watchdog counter reaches its maximum value. The behavior of each condition is described
below:

¢ Reset mode:

If the watchdog is configured to reset the device, then the WDRST signal will pull the device reset (XRS) pin
low for 512 OSCCLK cycles when the watchdog counter reaches its maximum value.
* Interrupt mode:

If the watchdog is configured to assert an interrupt, then the WDINT signal will be driven low for 512 OSCCLK
cycles, causing the WAKEINT interrupt in the PIE to be taken if it is enabled in the PIE module. The watchdog
interrupt is edge triggered on the falling edge of WDINT. Thus, if the WAKEINT interrupt is re-enabled before
WDINT goes inactive, you will not immediately get another interrupt. The next WAKEINT interrupt will occur
at the next watchdog timeout. If the watchdog is disabled before WDINT goes inactive, the 512-cycle count
will halt and WDINT will remain active. The count will resume when the watchdog is enabled again.

If the watchdog is reconfigured from interrupt mode to reset mode while WDINT is still active low, then the
device will reset immediately. The WDINTS bit in the SCSR register can be read to determine the current
state of the WDINT signal before reconfiguring the watchdog to reset mode.

1.3.4.3 Watchdog Operation in Low Power Modes

In STANDBY mode, all of the clocks to the peripherals are turned off on the device. The only peripheral that
remains functional is the watchdog since the watchdog module runs off the oscillator clock (OSCCLK). The
WDINT signal is fed to the Low Power Modes (LPM) block so that it can be used to wake the device from
STANDBY low power mode (if enabled). See the Low Power Modes Block section of the device data manual for
details.

In IDLE mode, the watchdog interrupt (WDINT) signal can generate an interrupt to the CPU to take the CPU out
of IDLE mode. The watchdog is connected to the WAKEINT interrupt in the PIE.

Note
If the watchdog interrupt is used to wake-up from an IDLE or STANDBY low power mode condition,
then make sure that the WDINT signal goes back high again before attempting to go back into
the IDLE or STANDBY mode. The WDINT signal will be held low for 512 OSCCLK cycles when
the watchdog interrupt is generated. You can determine the current state of WDINT by reading the
watchdog interrupt status bit (WDINTS) bit in the SCSR register. WDINTS follows the state of WDINT
by two SYSCLKOUT cycles.

By using WDHALTI and INTOSC1HALTI bits, INTOSC1 and the watchdog module could be kept alive in HALT
mode. The device can then wake-up from HALT mode through the watchdog, but it is through the watchdog
reset, not the interrupt. When this happens, the RAM contents are not disturbed, but the peripherals will have to
be re-initialized.

1.3.4.4 Emulation Considerations

The watchdog module behaves as follows under various debug conditions:

CPU Suspended: When the CPU is suspended, the watchdog clock (WDCLK) is suspended
Run-Free Mode: When the CPU is placed in run-free mode, then the watchdog module resumes operation as normal.
Real-Time Single-Step Mode: When the CPU is in real-time single-step mode, the watchdog clock (WDCLK) is suspended. The
watchdog remains suspended even within real-time interrupts.
Real-Time Run-Free Mode: When the CPU is in real-time run-free mode, the watchdog operates as normal.
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1.3.4.5 Watchdog Registers

1.3.4.5.1 System Control and Status Register (SCSR)

The system control and status register (SCSR) contains the watchdog override bit and the watchdog interrupt
enable/disable bit.

Figure 1-39. System Control and Status Register (SCSR)

15 8
Reserved
R-0
7 3 2 1 0
Reserved WDINTS WDENINT WDOVERRIDE
R-0 R-1 R/W-0 R/W1C-1
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-38. System Control and Status Register (SCSR) Field Descriptions

Bit Field Value Description ()
15-3 |Reserved Any writes to these bit(s) must always have a value of 0.
2 WDINTS Watchdog interrupt status bit. WDINTS reflects the current state of the WDINT signal from the
watchdog block. WDINTS follows the state of WDINT by two SYSCLKOUT cycles.
If the watchdog interrupt is used to wake the device from IDLE or STANDBY low power mode, use
this bit to make sure WDINT is not active before attempting to go back into IDLE or STANDBY
mode.

0 Watchdog interrupt signal ( WDINT) is active.

Watchdog interrupt signal ( WDINT) is not active.
1 WDENINT Watchdog interrupt enable.

0 The watchdog reset ( WDRST) output signal is enabled and the watchdog interrupt ( WDINT)
output signal is disabled. This is the default state on reset ( XRS). When the watchdog interrupt
occurs the WDRST signal will stay low for 512 OSCCLK cycles.

If the WDENINT bit is cleared while WDINT is low, a reset will immediately occur. The WDINTS bit
can be read to determine the state of the WDINT signal.

1 The WDRST output signal is disabled and the WDINT output signal is enabled. When the watchdog
interrupt occurs, the WDINTsignal will stay low for 512 OSCCLK cycles.

If the watchdog interrupt is used to wake the device from IDLE or STANDBY low power mode,
use the WDINTS bit to make sure WDINT is not active before attempting to go back into IDLE or
STANDBY mode.

0 WDOVERRIDE Watchdog override

0 Writing a 0 has no effect. If this bit is cleared, it remains in this state until a reset occurs. The
current state of this bit is readable by the user.

1 You can change the state of the watchdog disable (WDDIS) bit in the watchdog control (WDCR)
register. If the WDOVERRIDE bit is cleared by writing a 1, you cannot modify the WDDIS bit.

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.
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1.3.4.5.2 Watchdog Counter Register (WDCNTR)
Figure 1-40. Watchdog Counter Register (WDCNTR)
15 8 7 0
Reserved WDCNTR
R-0 R-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 1-39. Watchdog Counter Register (WDCNTR) Field Descriptions

Bits Field Description

15-8 |Reserved Any writes to these bit(s) must always have a value of 0.

7-0 WDCNTR These bits contain the current value of the WD counter. The 8-bit counter continually increments at the

watchdog clock (WDCLK), rate. If the counter overflows, then the watchdog initiates a reset. If the WDKEY
register is written with a valid combination, then the counter is reset to zero. The watchdog clock rate is
configured in the WDCR register.

1.3.4.5.3 Watchdog Reset Key Register (WDKEY)

Figure 1-41. Watchdog Reset Key Register (WDKEY)
15 8 7 0

Reserved WDKEY

R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-40. Watchdog Reset Key Register (WDKEY) Field Descriptions
Bits Field Value Description ()

15-8 |Reserved Any writes to these bit(s) must always have a value of 0.
7-0 |WDKEY 0x55 + OxAA | Refer to Table 1-37 for examples of different WDKEY write sequences.
Other value Writing 0x55 followed by 0xAA to WDKEY causes the WDCNTR bits to be cleared.

Writing any value other than 0x55 or OXAA causes no action to be generated. If any value other than
O0xAA is written after 0x55, then the sequence must restart with 0x55.

Reads from WDKEY return the value of the WDCR register.

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.
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1.3.4.5.4 Watchdog Control Register (WDCR)
Figure 1-42. Watchdog Control Register (WDCR)

15 8
Reserved
R-0
7 6 3 2 0
WDFLAG WDDIS WDCHK WDPS
R/W1C-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-41. Watchdog Control Register (WDCR) Field Descriptions

Bits Field Value Description ()
15-8 Reserved Any writes to these bit(s) must always have a value of 0.
7 WDFLAG Watchdog reset status flag bit.
0 The reset was caused either by the XRS pin or because of power-up. The bit remains latched
until you write a 1 to clear the condition. Writes of 0 are ignored.
1 Indicates a watchdog reset (WDRST) generated the reset condition. .
6 WDDIS Watchdog disable. On reset, the watchdog module is enabled.
0 Enables the watchdog module. WDDIS can be modified only if the WDOVERRIDE bit in the
SCSR register is set to 1. (default)
1 Disables the watchdog module.
5-3 WDCHK Watchdog check.
0,0,0 You must ALWAYS write 1,0,1 to these bits whenever a write to this register is performed
unless the intent is to reset the device via software.
other Writing any other value causes an immediate device reset or watchdog interrupt to be taken.
Note that this happens even when watchdog module is disabled. Do not write to WDCHK bits
when the watchdog module is disabled. These bits can be used to generate a software reset
of the device. These three bits always read back as zero (0, 0, 0).
2-0 WDPS Watchdog pre-scale. These bits configure the watchdog counter clock (WDCLK) rate relative
to (OSCCLKSRC1 or 2)/512:
000 WDCLK = (OSCCLKSRC1 or 2)/512/1 (default)
001 WDCLK = (OSCCLKSRC1 or 2)/512/1
010 WDCLK = (OSCCLKSRC1 or 2)/512/2
oM WDCLK = (OSCCLKSRC1 or 2)/512/4
100 WDCLK = (OSCCLKSRC1 or 2)/512/8
101 WDCLK = (OSCCLKSRC1 or 2)/512/16
110 WDCLK = (OSCCLKSRC1 or 2)/512/32
1M WDCLK = (OSCCLKSRC1 or 2)/512/64

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.

When the XRS line is low, the WDFLAG bit is forced low. The WDFLAG bit is only set if a rising edge on WDRST
signal is detected (after synch and an 8192 SYSCLKOUT cycle delay) and the XRS signal is high. If the XRS
signal is low when WDRST goes high, then the WDFLAG bit remains at 0. In a typical application, the WDRST
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signal connects to the XRS input. Hence to distinguish between a watchdog reset and an external device reset,
an external reset must be longer in duration then the watchdog pulse.

1.3.5 32-Bit CPU Timers 0/1/2
This section describes the three 32-bit CPU-timers (TIMERO/1/2) shown in Figure 1-43.

The CPU Timer-0 and CPU-Timer 1 can be used in user applications. Timer 2 is reserved for device/BIOS. If
the application is not using device/BIOS, then Timer 2 can be used in the application. The CPU-timer interrupt
signals (TINTO, TINT1, TINT2) are connected as shown in Figure 1-44.

Reset D

Timer reload
16'b';g"5g:_'¥'ggg°""” 32-bit timer period
’ PRDH:PRD
16-bit prescale counter v
SYSCLKOUT \ PSCH-PSC
) TCR.4 -J } 32-bit counter
(Timer start status) Borrow T TIMH:TIM
i Borrow

Figure 1-43. CPU-Timers

INT1 §p | TINTO
to K | PIE < CPU-TIMER 0
INT12
28x
CPU
INT13 TINTA CPU-TIMER 1
XINT13
TINT2
INT14 | CPU-TIMER 2

A. The timer registers are connected to the Memory Bus of the 28x processor.
B. The timing of the timers is synchronized to SYSCLKOUT of the processor clock.

Figure 1-44. CPU-Timer Interrupts Signals and Output Signal
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The general operation of the CPU-timer is as follows: The 32-bit counter register TIMH:TIM is loaded with
the value in the period register PRDH:PRD. The counter decrements once every (TPR[TDDRH:TDDR]+1)
SYSCLKOUT cycles, where TDDRH:TDDR is the timer divider. When the counter reaches 0, a timer interrupt
output signal generates an interrupt pulse. The registers listed in Table 1-42 are used to configure the timers.

Table 1-42. CPU-Timers 0, 1, 2 Configuration and Control Registers

Name Address Size (x16) Description Bit Description
TIMEROTIM 0x0CO00 1 CPU-Timer 0, Counter Register Section 1.3.5.1
TIMEROTIMH 0x0CO01 1 CPU-Timer 0, Counter Register High Section 1.3.5.2
TIMEROPRD 0x0C02 1 CPU-Timer 0, Period Register Section 1.3.5.3
TIMEROPRDH 0x0CO03 1 CPU-Timer 0, Period Register High Section 1.3.5.4
TIMEROTCR 0x0C04 1 CPU-Timer 0, Control Register Section 1.3.5.5
TIMEROTPR 0x0C06 1 CPU-Timer 0, Prescale Register Section 1.3.5.6
TIMEROTPRH 0x0CO07 1 CPU-Timer 0, Prescale Register High Section 1.3.5.7
TIMER1TIM 0x0C08 1 CPU-Timer 1, Counter Register Section 1.3.5.1
TIMER1TIMH 0x0C09 1 CPU-Timer 1, Counter Register High Section 1.3.5.2
TIMER1PRD 0x0COA 1 CPU-Timer 1, Period Register Section 1.3.5.3
TIMER1PRDH 0x0C0B 1 CPU-Timer 1, Period Register High Section 1.3.5.4
TIMER1TCR 0x0C0C 1 CPU-Timer 1, Control Register Section 1.3.5.5
TIMER1TPR 0x0COE 1 CPU-Timer 1, Prescale Register Section 1.3.5.6
TIMER1TPRH 0x0COF 1 CPU-Timer 1, Prescale Register High Section 1.3.5.7
TIMER2TIM 0x0C10 1 CPU-Timer 2, Counter Register Section 1.3.5.1
TIMER2TIMH 0x0C11 1 CPU-Timer 2, Counter Register High Section 1.3.5.2
TIMER2PRD 0x0C12 1 CPU-Timer 2, Period Register Section 1.3.5.3
TIMER2PRDH 0x0C13 1 CPU-Timer 2, Period Register High Section 1.3.5.4
TIMER2TCR 0x0C14 1 CPU-Timer 2, Control Register Section 1.3.5.5
TIMER2TPR 0x0C16 1 CPU-Timer 2, Prescale Register Section 1.3.5.6
TIMER2TPRH 0x0C17 1 CPU-Timer 2, Prescale Register High Section 1.3.5.7

1.3.5.1 CPU-Timer x Counter (TIMERxTIM) Register
Figure 1-45. CPU-Timer x Counter (TIMERXTIM) Register (x = 0, 1, 2)

15

TIM

LEGEND: R/W = Read/Write; -n = value after reset

R/W-0

Table 1-43. CPU-Timer x Counter (TIMERxTIM) Register Field Descriptions

Bits

Field

Description

15-0 |TIM

CPU-Timer Counter Registers (TIMH:TIM): The TIM register holds the low 16 bits of the current 32-bit count
of the timer. The TIMH register holds the high 16 bits of the current 32-bit count of the timer. The TIMH:TIM
decrements by one every (TDDRH:TDDR+1) clock cycles, where TDDRH:TDDR is the timer prescale divide-
down value. When the TIMH:TIM decrements to zero, the TIMH:TIM register is reloaded with the period value
contained in the PRDH:PRD registers. The timer interrupt (TINT) signal is generated.
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1.3.5.2 CPU-Timer x Counter (TIMERxTIMH) Register High
Figure 1-46. CPU-Timer x Counter (TIMERxTIMH) Register High (x =0, 1, 2)
15 0
TIMH
R/W-0

LEGEND: R/W = Read/Write; -n = value after reset

Table 1-44. CPU-Timer x Counter (TIMERxTIMH) Register High Field Descriptions

Bits Field Description
15-0 TIMH See description for TIMERXTIM (see Section 1.3.5.1).

1.3.5.3 CPU-Timer x Period (TIMERxPRD) Register
Figure 1-47. CPU-Timer x Period (TIMERxPRD) Register (x =0, 1, 2)

15 0
PRD
R/W-1
LEGEND: R/W = Read/Write; -n = value after reset
Table 1-45. CPU-Timer x Period (TIMERXxPRD) Register Field Descriptions
Bits Field Description
15-0 |PRD CPU-Timer Period Registers (PRDH:PRD): The PRD register holds the low 16 bits of the 32-bit period. The

PRDH register holds the high 16 bits of the 32-bit period. When the TIMH:TIM decrements to zero, the
TIMH:TIM register is reloaded with the period value contained in the PRDH:PRD registers, at the start of the
next timer input clock cycle (the output of the prescaler). The PRDH:PRD contents are also loaded into the
TIMH:TIM when you set the timer reload bit (TRB) in the Timer Control Register (TCR).

1.3.5.4 CPU-Timer x Period (TIMERxPRDH) Register High
Figure 1-48. CPU-Timer x Period (TIMERxPRDH) Register High (x = 0, 1, 2)
15

PRDH

R/W-0
LEGEND: R/W = Read/Write; -n = value after reset
Table 1-46. CPU-Timer x Period (TIMERxPRDH) Register High Field Descriptions

Bits Field Description
15-0 |PRDH See description for TIMERXPRD (see Section 1.3.5.3).
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1.3.5.5 CPU-Timer x Control (TIMERxTCR) Register
Figure 1-49. CPU-Timer x Control (TIMERXTCR) Register (x =0, 1, 2)

15 14 13 12 11 10 9 8
TIF TIE ‘ Reserved ‘ FREE ‘ SOFT ‘ Reserved
RIW-0 RIW-0 R-0 RW-0 RIW-0 R-0
7 6 5 4 3 0
Reserved TRB TSS Reserved
R-0 RIW-0 RIW-0 R-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-47. CPU-Timer x Control (TIMERxTCR) Register Field Descriptions
Bits Field Value Description
15 |[TIF CPU-Timer Overflow Flag

TIF indicates whether a timer overflow has happened since TIF was last cleared. TIF
is not cleared automatically and does not need to be cleared to enable the next timer
interrupt.

0 The CPU-Timer has not decremented to zero.

Writes of O are ignored.

1 This flag gets set when the CPU-timer decrements to zero.
Writing a 1 to this bit clears the flag.

14 |TIE CPU-Timer Interrupt Enable.

0 The CPU-Timer interrupt is disabled.

The CPU-Timer interrupt is enabled. If the timer decrements to zero, and TIE is set, the
timer asserts its interrupt request.

13-12 |Reserved Any writes to these bit(s) must always have a value of 0.
11-10 |FREE CPU-Timer Emulation Modes: These bits are special emulation bits that determine
SOFT the state of the timer when a breakpoint is encountered in the high-level language

debugger. If the FREE bit is set to 1, then, upon a software breakpoint, the timer
continues to run (that is, free runs). In this case, SOFT is a don't care. But if FREE is
0, then SOFT takes effect. In this case, if SOFT = 0, the timer halts the next time the
TIMH:TIM decrements. If the SOFT bit is 1, then the timer halts when the TIMH:TIM
has decremented to zero.

FREE SOFT |CPU-Timer Emulation Mode
0 Stop after the next decrement of the TIMH:TIM (hard stop)
Stop after the TIMH:TIM decrements to O (soft stop)

Free run

0
0 1
1 0
1 1 Free run

In the SOFT STOP mode, the timer generates an interrupt before shutting down (since
reaching 0 is the interrupt causing condition).

9-6 |Reserved Any writes to these bit(s) must always have a value of 0.
5 |TRB CPU-Timer Reload bit.
0 The TRB bit is always read as zero. Writes of 0 are ignored.

1 When you write a 1 to TRB, the TIMH:TIM is loaded with the value in the PRDH:PRD,
and the prescaler counter (PSCH:PSC) is loaded with the value in the timer divide-
down register (TDDRH:TDDR).
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Table 1-47. CPU-Timer x Control (TIMERxTCR) Register Field Descriptions (continued)

Bits Field Value Description
4 |TSS CPU-Timer stop status bit. TSS is a 1-bit flag that stops or starts the CPU-timer.
0 Reads of 0 indicate the CPU-timer is running.

To start or restart the CPU-timer, set TSS to 0. At reset, TSS is cleared to 0 and the
CPU-timer immediately starts.

1 Reads of 1 indicate that the CPU-timer is stopped.
To stop the CPU-timer, set TSS to 1.

3-0 |Reserved Any writes to these bit(s) must always have a value of 0.

1.3.5.6 CPU-Timer x Prescale (TIMERxTPR) Register

Figure 1-50. CPU-Timer x Prescale (TIMERxTPR) Register (x =0, 1, 2)
15 8 7 0

PSC TDDR

R-0 R/W-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-48. CPU-Timer x Prescale (TIMERxTPR) Register Field Descriptions
Bits |Field Description

15-8 |PSC CPU-Timer Prescale Counter. These bits hold the current prescale count for the timer. For every timer clock
source cycle that the PSCH:PSC value is greater than 0, the PSCH:PSC decrements by one. One timer

clock (output of the timer prescaler) cycle after the PSCH:PSC reaches 0, the PSCH:PSC is loaded with the
contents of the TDDRH:TDDR, and the timer counter register (TIMH:TIM) decrements by one. The PSCH:PSC
is also reloaded whenever the timer reload bit (TRB) is set by software. The PSCH:PSC can be checked

by reading the register, but it cannot be set directly. It must get its value from the timer divide-down register
(TDDRH:TDDR). At reset, the PSCH:PSC is set to 0.

7-0 |TDDR CPU-Timer Divide-Down. Every (TDDRH:TDDR + 1) timer clock source cycles, the timer counter register
(TIMH:TIM) decrements by one. At reset, the TDDRH:TDDR bits are cleared to 0. To increase the overall
timer count by an integer factor, write this factor minus one to the TDDRH:TDDR bits. When the prescaler
counter (PSCH:PSC) value is 0, one timer clock source cycle later, the contents of the TDDRH:TDDR reload
the PSCH:PSC, and the TIMH:TIM decrements by one. TDDRH:TDDR also reloads the PSCH:PSC whenever
the timer reload bit (TRB) is set by software.
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1.3.5.7 CPU-Timer x Prescale (TIMERxTPRH) Register High

Figure 1-51. CPU-Timer x Prescale (TIMERxTPRH) Register High (x =0, 1, 2)
15 8 7 0

PSCH ‘ TDDRH

R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-49. CPU-Timer x Prescale (TIMERxTPRH) Register High Field Descriptions
Bits Field Description
15-8 PSCH See description of TIMERXTPR (see Section 1.3.5.6).
7-0 TDDRH See description of TIMERXTPR (see Section 1.3.5.6).

1.4 General-Purpose Input/Output (GPIO)

The GPIO multiplexing (MUX) registers are used to select the operation of shared pins. The pins are named by
their general-purpose I/O name (that is, GPIOO0 - GPIO44). These pins can be individually selected to operate
as digital 1/0O, referred to as GPIO, or connected to one of up to three peripheral 1/0 signals (by the GPxMUXn
registers). If selected for digital /O mode, registers are provided to configure the pin direction (by the GPxDIR
registers). You can also qualify the input signals to remove unwanted noise (by the GPxQSELn, GPACTRL, and
GPBCTRL registers).

1.4.1 GPIO Module Overview

Up to three independent peripheral signals are multiplexed on a single GPIO-enabled pin in addition to individual
pin bit-1/0 capability. There are three 1/O ports:

* Port A consists of GPIO0-GPIO31

* Port B consists of GPI032-GP1044

* Analog port consists of AIO0-AlIO15

Figure 1-52 shows the basic modes of operation for the GPIO module. Note that GPIO functionality is provided
on JTAG pins as well.
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GPIOLPMSEL
GPIO XINT1SEL
LPMCRO
l GPIO XINT2SEL
GPIO XINT3SEL
Low power l
modes block
; External
interrupt PIE
GPIOx.async MUX
GPAPUD
0 = enable PU GPADAT (read)
1 = disable PU SYSCLKOUT
(disabled after reset) l (default
XRS —] py ®—» Sync on reset) OF—> N/C (default on reset)
(async disable 3 samples
when low) P » 1> Peripheral 1 input
Qual 6 |
samples 10— Peripheral 2 input
4
1> Peripheral 3 input
GPACTRL GPASET,
GPACLEAR,
GPATOGGLE
GPAQSEL 1/2
High (default on reset)
impedance GPIOx_OUT GPADAT
output < (latch)
control
1}«— Peripheral 1 output
10 j¢—— Peripheral 2 output
1}e—— Peripheral 3 output
GPAMUX1/2 (default on reset)
i GPIOx_DIR GPADIR
) (latch)
) 1le—— Peripheral 1 output enable
0 = input, 1 = output
10f¢—— Peripheral 2 output enable
1le— Peripheral 3 output enable
XRS

A. GPxDAT latch/read are accessed at the same memory location.

Figure 1-52. GPIO0 to GPIO31 Multiplexing Diagram
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GPBPUD
SYSCLKOUT
0 = enable PU
1 = disable PU
PBDAT
(disabled after reset) J ¢ (read)
XRS bU sync |-e (default on reset) L > N/C
(async disable 3 samples
when low) P — Perpheral 1 input
Qual 6 |
Sampies — Peripheral 2 input
GPI032, \ y r[>" async £ > Peripheral 3 input
o-0
Gﬁlilir?s33 GPBSET
GPBCTRL GPBCLEAR
GPBTOGGLE
2
High GPBSEL1
'mgefa”tce GPI032/33_OUT
L (default on reset) GPBDAT
Control 0
(latch)
01j«— Perpheral 1 output
10}¢— Peripheral 2 output
11— Peripheral 3 output
(default on reset) ,
2 GP1032/33-DIR GPBDIR
GPBMUX1 (latch)
: SDAA/SCLA (12C output enable)
0 = Input» 1 = Output 01 SDAA/SCLA (12C data out)
10}¢— Peripheral 2 output enable
.Default at Reset 11— Peripheral 3 output enable
XRS

A. The GPIOINENCLK bit in the PCLKCRS3 register does not affect the above GPIOs (I2C pins) since the pins are bi-directional.
B. The input qualification circuit is not reset when modes are changed (such as changing from output to input mode). Any state will get
flushed by the circuit eventually.

Figure 1-53. GP1032, GPIO33 Multiplexing Diagram
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1.4.1.1 JTAG Port

On this device, the JTAG port is reduced to five pins ( TRST, TCK, TDI, TMS, and TDO). The TCK, TDI, TMS,

and TDO pins are also GPIO pins. The TRST signal selects either the JTAG or GPIO operating mode for the
pins in Figure 1-54.

Note
The JTAG pins may also be used as GPIO pins. Care should be taken in the board design to ensure
that the circuitry connected to these pins do not affect the emulation capabilities of the JTAG pin

function. Any circuitry connected to these pins should not prevent the JTAG debug probe from driving
(or being driven by) the JTAG pins for successful debug.

TRST = 0: JTAG Disabled (GPIO Mode)
TRST = 1: JTAG Mode

TRST

3

— XCLKIN
—> GPIO38_in

TCK

TCKIGPIO38 b [:
% GPI0O38_out
C28x
Core
4D—> GPIO37_in
TDO/GPIO37 [ :II v TDO

l«—— GPIO37_out

v

:

Q

— GPIO36_in

:
AV A7

«——GPI036_out 1—

—» GPIO35_in

TDI/GPIO35

l«—— GPIO35_out 1—

Figure 1-54. JTAG Port/GPIO Multiplexing
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1.4.1.2 Choosing JTAG or GPIO Functionality

The TRST signal selects the functionality of the JTAG signals, in combination with the JTAGDIS bit in the
JTAGDEBUG register as shown in Table 1-50.

Table 1-50. JTAG Port Mode

TRST JTAGDIS bit JTAG Port Mode
0 X GPIO mode enabled, JTAG port disabled
1 0 JTAG port enabled (GPIOs should be configured as inputs)
1 1 GPIO mode enabled, JTAG port disabled

The JTAGDEBUG register is shown in Figure 1-55 and described in Table 1-51.
Figure 1-55. JTAGDEBUG Register (Address 0x702A, EALLOW protected)

15 1 0
Reserved \ JTAGDIS
R-0 RIW-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-51. JTAGDEBUG Register Field Descriptions

Bits Field Value Description
15-1 Reserved Any writes to these bits must always have a value of 0.
0 JTAGDIS JTAG Port Disable Bit: This bit enables/disables the JTAG port. When disabled, the JTAG pins

can be used as GPIOs.
0 JTAG Port Enabled
1 JTAG Port Disabled (GPIO Mode)

This bit is reset by TRST. The bit is forced to "0" when TRST is "0". When TRST is "1", then
JTAGDIS bit can be modified by CPU.

Note: Ensure no contention with the debug probe signals when JTAGDIS=1.
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1.4.1.3 Analog 10
Specific analog pins also have the ability to function as basic 10 pins controlled through software registers. See
the device data sheet for the exact analog pins that have this functionality. Figure 1-56 shows how the AIO and

analog function co-exist on the device.

To COMPy A or B input

To ADC Channel X

Logic implemented in GPIO MUX block

D
SYSCLKOUT
AIOXIN [N ) l
AIOXINE
|  AIODAT Reg
SYNC > (Read)
0
/u
AIODAT Reg
(Latch)
AIOMUX1 Reg
AIOSET,
wle ;g AIOCLEAR,
=22 AIOTOGGLE
%X E 3 Regs
Oln O
<0 4049
= l
AIODIR Reg
(Latch)

Oq (0 = Input, 1 = Output)

A. The ADC/Comparator path is always enabled, irrespective of the AIOMUX1 value.
The AlO section is blocked off when the corresponding AIOMUX1 bit is 1.

Figure 1-56. Analog/GPIO Multiplexing

B.
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1.4.2 Configuration Overview

The pin function assignments, input qualification, and the external interrupt sources are all controlled by the
GPIO configuration control registers. In addition, you can assign pins to wake the device from the HALT and
STANDBY low power modes and enable/disable internal pullup resistors. Table 1-52 and Table 1-53 list the

registers that are used to configure the GPIO pins to match the system requirements.
Table 1-52. GPIO Control Registers

Name () Address Size (x16) Register Description Bit Description
GPACTRL 0x6F80 2 GPIO A Control Register (GPIO0-GP1031) Section 1.4.6.1
GPAQSELA1 0x6F82 2 GPIO A Qualifier Select 1 Register (GPIO0-GPI1015) Section 1.4.6.2
GPAQSEL2 0x6F84 2 GPIO A Qualifier Select 2 Register (GPIO16-GP1031) Section 1.4.6.3
GPAMUX1 0x6F86 2 GPIO A MUX 1 Register (GPIO0-GPIO15) Section 1.4.6.4
GPAMUX2 0x6F88 2 GPIO A MUX 2 Register (GPIO16-GP1031) Section 1.4.6.5
GPADIR 0x6F8A 2 GPIO A Direction Register (GPIO0-GPIO31) Section 1.4.6.6
GPAPUD 0x6F8C 2 GPIO A Pullup Disable Register (GPIO0-GPIO31) Section 1.4.6.7
GPBCTRL 0x6F90 2 GPIO B Control Register (GPIO32-GPIO 44) Section 1.4.6.8
GPBQSEL1 0x6F92 2 GPIO B Qualifier Select 1 Register (GPI032-GPIO 44) Section 1.4.6.9
GPBMUX1 0x6F96 2 GPIO B MUX 1 Register (GPIO32-GPIO 44) Section 1.4.6.10
GPBDIR 0x6F9A 2 GPIO B Direction Register (GPIO32-GPIO 44) Section 1.4.6.11
GPBPUD 0x6F9C 2 GPIO B Pullup Disable Register (GP1032-GP1044) Section 1.4.6.12
AIOMUX1 0x6FB6 2 Analog, I/0 MUX 1 register (AIO0-AIO15) Section 1.4.6.13
AIODIR 0x6FBA 2 Analog, I/0O Direction Register (AIO0-AIO15) Section 1.4.6.14

(1)  The registers in this table are EALLOW protected. See Section 1.5.2 for more information.

Table 1-53. GPIO Interrupt and Low Power Mode Select Registers

Name () Address Size (x16) Register Description Bit Description
GPIOXINT1SEL 0x6FEO 1 XINT1 Source Select Register (GPIO0-GPI031) Section 1.4.6.15
GPIOXINT2SEL Ox6FE1 1 XINT2 Source Select Register (GPIO0-GP1031) Section 1.4.6.15
GPIOXINT3SEL Ox6FE2 1 XINT3 Source Select Register (GPIO0 - GPIO31) Section 1.4.6.15
GPIOLPMSEL OX6FES 1 éOF;AlIOP3O1V;Ier Mode Wakeup Source Select Register (GPIO0- Section 1.4.6.16

(1) The registers in this table are EALLOW protected. See Section 1.5.2 for more information.

To plan configuration of the GPIO module, consider the following steps:
1. Plan the device pin-out:

Through a pin multiplexing scheme, a lot of flexibility is provided for assigning functionality to the GPIO-

capable pins. Before getting started, look at the peripheral options available for each pin, and plan pin-out
for your specific system. Will the pin be used as a general purpose input or output (GPIO) or as one of up

to three available peripheral functions? Knowing this information will help determine how to further configure

the pin.
2. Enable or disable internal pull-up resistors:

To enable or disable the internal pullup resistors, write to the respective bits in the GPIO pullup disable
(GPAPUD and GPBPUD) registers. For pins that can function as ePWM output pins, the internal pullup
resistors are disabled by default. All other GPIO-capable pins have the pullup enabled by default. The AlOx

pins do not have internal pull-up resistors.
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3. Select input qualification:
If the pin will be used as an input, specify the required input qualification, if any. The input qualification is
specified in the GPACTRL, GPBCTRL, GPAQSEL1, GPAQSEL2, GPBQSEL1, and GPBQSEL?2 registers. By
default, all of the input signals are synchronized to SYSCLKOUT only.
4. Select the pin function:
Configure the GPxMUXn or AIOMUXn registers such that the pin is a GPIO or one of three available
peripheral functions. By default, all GPIO-capable pins are configured at reset as general purpose input pins.
5. For digital general purpose 1/O, select the direction of the pin:
If the pin is configured as an GPIO, specify the direction of the pin as either input or output in the GPADIR,
GPBDIR, or AIODIR registers. By default, all GPIO pins are inputs. To change the pin from input to output,
first load the output latch with the value to be driven by writing the appropriate value to the GPxCLEAR,
GPxSET, or GPXTOGGLE (or AIOCLEAR, AIOSET, or AIOTOGGLE) registers. Once the output latch is
loaded, change the pin direction from input to output via the GPxDIR registers. The output latch for all pins is
cleared at reset.
6. Select low power mode wake-up sources:
Specify which pins, if any, will be able to wake the device from HALT and STANDBY low power modes. The
pins are specified in the GPIOLPMSEL register.
7. Select external interrupt sources:

Specify the source for the XINT1 - XINT3 interrupts. For each interrupt you can specify one of the port A
signals as the source. This is done by specifying the source in the GPIOXINTnSEL register. The polarity of
the interrupts can be configured in the XINTnCR register as described in Section 1.6.5.

Note
There is a 2-SYSCLKOUT cycle delay from when a write to configuration registers such as GPxMUXn
and GPxQSELn occurs to when the action is valid.
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1.4.3 Digital General-Purpose 1/O Control
For pins that are configured as GPIO, the values on the pins are changed by using the registers in Table 1-54.
Table 1-54. GPIO Data Registers

Name () Address Size (x16) Register Description Bit Description
GPADAT 0x6FCO 2 GPIO A Data Register (GPIO0-GPI1031) Section 1.4.6.17
GPASET 0x6FC2 2 GPIO A Set Register (GPIO0-GPIO31) Section 1.4.6.18
GPACLEAR 0x6FC4 2 GPIO A Clear Register (GPIO0-GPIO31) Section 1.4.6.18
GPATOGGLE 0x6FC6 2 GPIO A Toggle Register (GPIO0-GPI031) Section 1.4.6.18
GPBDAT 0x6FC8 2 GPIO B Data Register (GPI032-GPIO 44) Section 1.4.6.19
GPBSET 0x6FCA 2 GPIO B Set Register (GPI032-GPIO 44) Section 1.4.6.20
GPBCLEAR 0x6FCC 2 GPIO B Clear Register (GPI032-GPIO 44) Section 1.4.6.20
GPBTOGGLE 0x6FCE 2 GPIO B Toggle Register (GPIO32-GPIO 44) Section 1.4.6.20
AIODAT 0x6FD8 2 Analog I/0O Data Register (AIO0-AIO15) Section 1.4.6.21
AIOSET 0x6FDA 2 Analog I/O Data Set Register (AIO0-AlIO15) Section 1.4.6.22
AIOCLEAR 0x6FDC 2 Analog I/O Clear Register (AIO0-AIO15) Section 1.4.6.22
AIOTOGGLE 0x6FDE 2 Analog I/0 Toggle Register (AIO0-AIO15) Section 1.4.6.22

(1)  The registers in this table are not EALLOW protected.
* GPxDAT/AIODAT Registers

Each 1/0O port has one data register. Each bit in the data register corresponds to one GPIO pin. No matter
how the pin is configured (GPIO or peripheral function), the corresponding bit in the data register reflects the
current state of the pin after qualification (This does not apply to AlOx pins). Writing to the GPxDAT/AIODAT
register clears or sets the corresponding output latch and if the pin is enabled as a general purpose output
(GPIO output) the pin will also be driven either low or high. If the pin is not configured as a GPIO output then
the value will be latched, but the pin will not be driven. Only if the pin is later configured as a GPIO output, will
the latched value be driven onto the pin.

When using the GPxDAT register to change the level of an output pin, you should be cautious not to
accidentally change the level of another pin. For example, if you mean to change the output latch level of
GPIOA1 by writing to the GPADAT register bit 0 using a read-modify-write instruction, a problem can occur if
another 1/O port A signal changes level between the read and the write stage of the instruction. Following is
an analysis of why this happens:

The GPxDAT registers reflect the state of the pin, not the latch. This means the register reflects the actual
pin value. However, there is a lag between when the register is written to when the new pin value is reflected
back in the register. This may pose a problem when this register is used in subsequent program statements
to alter the state of GPIO pins. An example is shown below where two program statements attempt to drive
two different GPIO pins that are currently low to a high state.

If Read-Modify-Write operations are used on the GPxDAT registers, because of the delay between the output
and the input of the first instruction (I1), the second instruction (12) will read the old value and write it back.

GpioDataRegs.GPADAT.bit.GPIO1
GpioDataRegs.GPADAT.bit.GPIO2

1 ; Il performs read-modify-write of GPADAT
1 ; I2 also a read-modify-write of GPADAT.
; It gets the old value of GPIOl due to the delay

The second instruction will wait for the first to finish its write due to the write-followed-by-read protection

on this peripheral frame. There will be some lag, however, between the write of (I11) and the GPxDAT bit
reflecting the new value (1) on the pin. During this lag, the second instruction will read the old value of GPIO1
(0) and write it back along with the new value of GPIO2 (1). Therefore, GPIO1 pin stays low.

One solution is to put some NOP’s between instructions. A better solution is to use the GPxSET/GPxCLEAR/
GPxTOGGLE registers instead of the GPxDAT registers. These registers always read back a 0 and writes of
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0 have no effect. Only bits that need to be changed can be specified without disturbing any other bits that are
currently in the process of changing.
* GPxSET/AIOSET Registers

The set registers are used to drive specified GPIO pins high without disturbing other pins. Each I/O port has
one set register and each bit corresponds to one GPIO pin. The set registers always read back 0. If the
corresponding pin is configured as an output, then writing a 1 to that bit in the set register will set the output
latch high and the corresponding pin will be driven high. If the pin is not configured as a GPIO output, then
the value will be latched but the pin will not be driven. Only if the pin is later configured as a GPIO output will
the latched value will be driven onto the pin. Writing a 0 to any bit in the set registers has no effect.

*« GPxCLEAR/AIOCLEAR Registers

The clear registers are used to drive specified GPIO pins low without disturbing other pins. Each 1/O port has
one clear register. The clear registers always read back 0. If the corresponding pin is configured as a general
purpose output, then writing a 1 to the corresponding bit in the clear register will clear the output latch and the
pin will be driven low. If the pin is not configured as a GPIO output, then the value will be latched but the pin
will not be driven. Only if the pin is later configured as a GPIO output will the latched value will be driven onto
the pin. Writing a 0 to any bit in the clear registers has no effect.

+ GPxTOGGLE/AIOTOGGLE Registers

The toggle registers are used to drive specified GPIO pins to the opposite level without disturbing other pins.
Each 1/O port has one toggle register. The toggle registers always read back 0. If the corresponding pin is
configured as an output, then writing a 1 to that bit in the toggle register flips the output latch and pulls the
corresponding pin in the opposite direction. That is, if the output pin is driven low, then writing a 1 to the
corresponding bit in the toggle register will pull the pin high. Likewise, if the output pin is high, then writing

a 1 to the corresponding bit in the toggle register will pull the pin low. If the pin is not configured as a GPIO
output, then the value will be latched but the pin will not be driven. Only if the pin is later configured as a
GPIO output will the latched value will be driven onto the pin. Writing a 0 to any bit in the toggle registers has
no effect.

1.4.4 Input Qualification

The input qualification scheme has been designed to be very flexible. You can select the type of input
qualification for each GPIO pin by configuring the GPAQSEL1, GPAQSEL2, GPBQSEL1 and GPBQSEL2
registers. In the case of a GPIO input pin, the qualification can be specified as only synchronize to SYSCLKOUT
or qualification by a sampling window. For pins that are configured as peripheral inputs, the input can also be
asynchronous in addition to synchronized to SYSCLKOUT or qualified by a sampling window. The remainder of
this section describes the options available.

1.4.4.1 No Synchronization (asynchronous input)

This mode is used for peripherals where input synchronization is not required or the peripheral itself performs
the synchronization. Examples include communication ports SCI, SPI, and I2C. In addition, it may be desirable to
have the ePWM trip zone ( TZn) signals function independent of the presence of SYSCLKOUT.

The asynchronous option is not valid if the pin is used as a general purpose digital input pin (GPIO). If the
pin is configured as a GPIO input and the asynchronous option is selected then the qualification defaults to
synchronization to SYSCLKOUT as described in Section 1.4.4.2.

1.4.4.2 Synchronization to SYSCLKOUT Only

This is the default qualification mode of all the pins at reset. In this mode, the input signal is only synchronized
to the system clock (SYSCLKOUT). Because the incoming signal is asynchronous, it can take up to a
SYSCLKOUT period of delay in order for the input to the device to be changed. No further qualification is
performed on the signal.
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1.4.4.3 Qualification Using a Sampling Window

In this mode, the signal is first synchronized to the system clock (SYSCLKOUT) and then qualified by a specified
number of cycles before the input is allowed to change. Figure 1-57 and Figure 1-58 show how the input
qualification is performed to eliminate unwanted noise. Two parameters are specified by the user for this type

of qualification: 1) the sampling period, or how often the signal is sampled, and 2) the number of samples to be
taken.

Time between samples

GPxCTRL Reg

@ —>» SYNC Qualification ~ }—— Input Signal
Qualified By 3

or 6 Samples

GPxQSEL1/2

SYSCLKOUT

Number of Samples

Figure 1-57. Input Qualification Using a Sampling Window

Time between samples (sampling period):

To qualify the signal, the input signal is sampled at a regular period. The sampling period is specified by the user
and determines the time duration between samples, or how often the signal will be sampled, relative to the CPU
clock (SYSCLKOUT).

The sampling period is specified by the qualification period (QUALPRDN) bits in the GPxCTRL register.

The sampling period is configurable in groups of 8 input signals. For example, GPIOO0 to GPIO7 use
GPACTRL[QUALPRDO] setting and GPIO8 to GPIO15 use GPACTRL[QUALPRD1]. Table 1-55 and Table 1-56
show the relationship between the sampling period or sampling frequency and the GPxCTRL[QUALPRDn]
setting.

Table 1-55. Sampling Period
Sampling Period
If GPXxCTRL[QUALPRDN] = 0 1 x TgysCLKOUT
If GPXxCTRL[QUALPRDN] # 0 2 x GPXCTRL[QUALPRDN] * TgyscLkouT
Where TsyscLkour is the period in time of SYSCLKOUT

Table 1-56. Sampling Frequency
Sampling Period
If GPxCTRL[QUALPRDn] = 0 fsyscLkouT
If GPXCTRL[QUALPRDn] # 0 fsyscLkout * 1+ (2 x GPXxCTRL[QUALPRDn])
Where fsyscLkouTs the frequency of SYSCLKOUT
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From these equations, the minimum and maximum time between samples can be calculated for a given
SYSCLKOUT frequency:

Example: Maximum Sampling Frequency
If GPxCTRL[QUALPRDn] =0 then the sampling frequency is fsyscLkouT

If, for example, fsyscLkouTt = 60 MHz then the signal will be sampled at 60 MHz or one sample every 16.67 ns.

Example: Minimum Sampling Frequency

If GPxCTRL[QUALPRDnN] = OxFF then the sampling frequency is fsyscrLkout * 1 * (2 x GPxCTRL[QUALPRDn])
(that is, 255)
If, for example, fsyscLkouTt = 60 MHz then the signal will be sampled at 60 MHz x 1 + (2 x 255) or one sample every 8.5 ps.

Number of samples:

The number of times the signal is sampled is either 3 samples or 6 samples as specified in the qualification
selection (GPAQSEL1, GPAQSEL2, GPBQSEL1, and GPBQSEL2) registers. When 3 or 6 consecutive cycles
are the same, then the input change will be passed through to the device.

Total Sampling Window Width:

The sampling window is the time during which the input signal will be sampled as shown in Figure 1-58. By using
the equation for the sampling period along with the number of samples to be taken, the total width of the window
can be determined.

For the input qualifier to detect a change in the input, the level of the signal must be stable for the duration of the
sampling window width or longer.

The number of sampling periods within the window is always one less then the number of samples taken. For

a thee-sample window, the sampling window width is 2 sampling periods wide where the sampling period is
defined in Table 1-55. Likewise, for a six-sample window, the sampling window width is 5 sampling periods wide.
Table 1-57 and Table 1-58 show the calculations that can be used to determine the total sampling window width
based on GPxCTRL[QUALPRDnN] and the number of samples taken.

Table 1-57. Case 1: Three-Sample Sampling Window Width
Total Sampling Window Width
If GPxCTRL[QUALPRDN] = 0 2 x TsyscLKOUT
If GPXCTRL[QUALPRDn] # 0 2 x 2 x GPXCTRL[QUALPRDN] x TgyscLkouT
Where TsysciLkour is the period in time of SYSCLKOUT

Table 1-58. Case 2: Six-Sample Sampling Window Width
Total Sampling Window Width
If GPxCTRL[QUALPRDnN] = 0 5 x TsyscLkouT
If GPXCTRL[QUALPRDnN] # 0 5 x 2 x GPxCTRL[QUALPRDnN] x TsyscLkouT
Where TsyscLkourT is the period in time of SYSCLKOUT
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Note

The external signal change is asynchronous with respect to both the sampling period and
SYSCLKOUT. Due to the asynchronous nature of the external signal, the input should be held stable
for a time greater than the sampling window width to make sure the logic detects a change in the
signal. The extra time required can be up to an additional sampling period + TsyscLkouT-

The required duration for an input signal to be stable for the qualification logic to detect a change is
described in the device specific data manual.

Example Qualification Window:

For the example shown in Figure 1-58, the input qualification has been configured as follows:
+ GPxQSEL1/2 =1,0. This indicates a six-sample qualification.
*  GPxCTRL[QUALPRDnN] = 1. The sampling period is t,,(SP) = 2 x GPxCTRL[QUALPRDnN] x TgyscLkouT -

This configuration results in the following:
* The width of the sampling window is: .

tw(lQSW) =5x tW(SP) =5x%x2x GPXCTRL[QUALPRDH] X TSYSCLKOUT or5x2x TSYSCLKOUT
» If, for example, TsysciLkouTt = 16.67 ns, then the duration of the sampling window is:

tw(IQSW) =5 x 2 x 16.67 ns =166.7 ns.

» To account for the asynchronous nature of the input relative to the sampling period and SYSCLKOUT, up to
an additional sampling period, t,,(SP), + TsysciLkouT may be required to detect a change in the input signal.
For this example:

tw(SP) + Tsyscikout = 333.4 ns + 166.67 ns = 500.1 ns
* In Figure 1-58, the glitch (A) is shorter then the qualification window and will be ignored by the input qualifier.

(D)

(A)
GPIO Signal GPXQSELn = 1,0 (6 samples)
1 1 0 0 0 0 0 0 0 1 0 0 0 1 1 1 1 1 1 1 1 1
[ }\\\}\\\\\\\\\\
} \ tw(sp) »“ < Sampling Period determined
‘ \ by GPXxCTRL[QUALPRD](®)
\ twaQsw) \
{& Sampling Window -P}€— (SYSCLKOUT cycle * 2 * QUALPRD) * 5()
\ \
\ |
\ QUALPRD =1 \
\ (SYSCLKOUT/2) |
\

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
O0xFF. If QUALPRD = 00, then the sampling period is 1 SYSCLKOUT cycle. For any other value “n”, the qualification sampling period in 2n
SYSCLKOUT cycles (i.e., at every 2n SYSCLKOUT cycles, the GPIO pin will be sampled).

The qualification period selected via the GPxCTRL register applies to groups of 8 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 SYSCLKOUT cycles or greater. In other words,
the inputs should be stable for (5 x QUALPRD x 2) SYSCLKOUT cycles. That would ensure 5 sampling periods for detection to occur. Since
external signals are driven asynchronously, an 13-SYSCLKOUT-wide pulse ensures reliable recognition.

Oow

Figure 1-58. Input Qualifier Clock Cycles
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1.4.5 GPIO and Peripheral Multiplexing (MUX)

Up to three different peripheral functions are multiplexed along with a general input/output (GPIO) function per
pin. This allows you to pick and choose a peripheral mix that will work best for the particular application.

Table 1-60 and Table 1-61 show an overview of the possible multiplexing combinations sorted by GPIO pin. The
second column indicates the I/O name of the pin on the device. Since the I/O name is unique, it is the best way
to identify a particular pin. Therefore, the register descriptions in this section refer only to the GPIO name of a
particular pin. The MUX register and particular bits that control the selection for each pin are indicated in the first
column.

For example, the multiplexing for the GPIO6 pin is controlled by writing to GPAMUX][13:12]. By writing to these
bits, the pin is configured as either GPIO6, or one of up to three peripheral functions. The GPIO6 pin can be
configured as:

GPAMUX1[13:12] Bit Setting Pin Functionality Selected
If GPRAMUX1[13:12] = 0,0 Pin configured as GPIO6
If GRAMUX1[13:12] = 0,1 Pin configured as EPWM4A (O)
If GRAMUX1[13:12] = 1,0 Pin configured as EPWMSYNCI (1)
If GPRAMUX1[13:12] = 1,1 Pin configured as EPWMSYNCO (O)

If a peripheral is not available on a particular device, that MUX selection is reserved on that device and should
not be used.

Note
If you should select a reserved GPIO MUX configuration that is not mapped to a peripheral, the
state of the pin will be undefined and the pin may be driven. Reserved configurations are for future
expansion and should not be selected. In the device MUX tables (Table 1-60 and Table 1-61), these
options are indicated as Reserved.

Some peripherals can be assigned to more than one pin with the MUX registers. For example, in the 2803x
device, the SPISIMOB can be assigned to either the GPIO12 or GP1024 pin, depending on individual system
requirements as:

Pin Assigned to SPISIMOB MUX Configuration
Choice 1 - GPI012 GPAMUX[25:24] = 1,1
or Choice 2 - GP1024 GPAMUX2[17:16] = 1,1

If no pin is configured as an input to a peripheral or if more than one pin is configured as an input for the same
peripheral, then the input to the peripheral will either default to a 0 or a 1 as shown in Table 1-59. For example,
if SPISIMOB were assigned to both GP1012 and GP1024, the input to the SPI peripheral would default to a high
state as shown in Table 1-59 and the input would not be connected to GP1012 or GP1024.
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Table 1-59. Default State of Peripheral Input
Peripheral Input Description Default Input (1)
TZ1-TZ3 Trip zone 1-3 1
EPWMSYNCI ePWM Synch Input 0
ECAP1 eCAP1 input 1
EQEP1A eQEP input 1
EQEP1I eQEP index 1
EQEP1S eQEP strobe 1
SPICLKA/SPICLKB SPI-A clock 1
SPISTEA / SPISTEB SPI-A transmit enable 0
SPISIMOA/SPISIMOB SPI-A Slave-in, master-out 1
SPISOMIA/SPISOMIB SPI-A Slave-out, master-in 1
SCIRXDA - SCIRXDB SCI-A - SCI-B receive 1
CANRXA eCAN-A receive 1
SDAA I2C data 1
SCLA1 I2C clock 1

(1)  This value will be assigned to the peripheral input, if more then one pin has been assigned to the peripheral function in the
GPxMUX1/2 registers or if no pin has been assigned.
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Table 1-60. 2803x GPIOA MUX

Default at Reset

Primary 1/O Function

Peripheral Selection 1

Peripheral Selection 2

Peripheral Selection 3

GPAMUX1 Register Bits

(GPAMUX1 bits = 00)

(GPAMUX1 bits = 01)

(GPAMUX1 bits = 10)

(GPAMUX1 bits = 11)

1-0 GPIOO0 EPWM1A (O) Reserved(") Reserved(!)
3-2 GPIO1 EPWM1B (O) Reserved COMP10UT (O)
54 GPIO2 EPWM2A (O) Reserved() Reserved(!)
7-6 GPIO3 EPWM2B (O) SPISOMIA (1/0) COMP20UT (O)
9-8 GPIO4 EPWM3A (O) Reserved() Reserved()
11-10 GPIO5 EPWMS3B (O) SPISIMOA (1/0) ECAP1 (1/O)
13-12 GPIO6 EPWMA4A (O) EPWMSYNCI (1) EPWMSYNCO (O)
15-14 GPIO7 EPWM4B (O) SCIRXDA (1) Reserved
17-16 GPIO8 EPWMS5A (O) Reserved ADCSOCAO (O)
19-18 GPIO9 EPWMS5B (O) LINTXA (O) HRCAP1 (1)
21-20 GPIO10 EPWMBA (O) Reserved ADCSOCBO (0)
23-22 GPIO11 EPWM6B (O) LINRXA (1) HRCAP2 (1)
25-24 GPIO12 TZ7 (1) SCITXDA (O) SPISIMOB (1/0)
27-26 GPIO132) TZ2()) Reserved SPISOMIB (1/0)
29-28 GPIO14@ TZ3 (1) LINTXA (O) SPICLKB (1/0)
31-30 GPIO15@ TZ7 (1) LINRXA (1) SPISTEB (1/0)
GPAMUX2 Register Bits  (GPAMUX2 bits =00)  (GPAMUX2 bits =01)  (GPAMUX2 bits =10)  (GPAMUX2 bits = 11)
1-0 GPIO16 SPISIMOA (1/0) Reserved TZ2 (1)
3-2 GPIO17 SPISOMIA (1/0) Reserved TZ3 (1)
5-4 GPIO18 SPICLKA (1/0) LINTXA (O) XCLKOUT (O)
7-6 GPIO19/XCLKIN SPISTEA (I/0) LINRXA (1) ECAP1 (1/0O)
9-8 GPI020 EQEP1A (1) Reserved COMP10UT (0)
11-10 GPI1021 EQEP1B (I) Reserved COMP20OUT (O)
13-12 GP1022 EQEP1S (I/0) Reserved LINTXA (O)
15-14 GPI023 EQEP1I (1/0) Reserved LINRXA (1)
17-16 GP1024 ECAP1 (1/0O) Reserved SPISIMOB (1/0)
19-18 GP1025(2) Reserved Reserved SPISOMIB (1/0)
21-20 GPI026@ HRCAP1 (1) Reserved SPICLKB (1/0)
23-22 GPI027(2) HRCAP2 (1) Reserved SPISTEB (1/0)
25-24 GPIO28 SCIRXDA (1) SDAA (1/0C) TZ2 (1)
27-26 GPI029 SCITXDA (O) SCLA (1/0C) TZ3 (1)
29-28 GPIO30 CANRXA (1) Reserved Reserved
31-30 GPI0O31 CANTXA (O) Reserved Reserved

(1) The word Reserved means that there is no peripheral assigned to this GPxMUX1/2 register setting. Should it be selected, the state of
the pin will be undefined and the pin may be driven. This selection is a reserved configuration for future expansion.

(2) These pins are not available in the 64-pin package.
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Table 1-61. 2803x GPIOB MUX
Default at Reset
Primary 1/O Function Peripheral Selection 1 Peripheral Selection 2 Peripheral Selection 3
GPBMUX1 Register Bits  (GPBMUX1 bits = 00) (GPBMUX1 bits = 01) (GPBMUX1 bits = 10) (GPBMUX1 bits = 11)

1-0 GPI032 SDAA (I/0C) EPWMSYNCI (1) ADCSOCAO (0)

3-2 GPIO33 SCLA (I/0C) EPWMSYNCO (O) ADCSOCBO (0)

5-4 GPI034 COMP20UT (O) Reserved COMP30UT (O)

7-6 GPIO35 (TDI) Reserved Reserved Reserved

9-8 GPIO36 (TMS) Reserved Reserved Reserved
11-10 GPI037 (TDO) Reserved Reserved Reserved
13-12 GPIO38/XCLKIN (TCK) Reserved Reserved Reserved
15-14 GPIO39 Reserved Reserved Reserved
17-16 GPI1040 EPWMT7A (O) Reserved Reserved
19-18 GPIO41 EPWMT7B (O) Reserved Reserved
21-20 GP1042 Reserved Reserved COMP10UT (O)
23-22 GP1043 Reserved Reserved COMP20OUT (0O)
25-24 GPI1044 Reserved Reserved Reserved
27-26 Reserved Reserved Reserved Reserved
29-28 Reserved Reserved Reserved Reserved
31-30 Reserved Reserved Reserved Reserved

Table 1-62. Analog MUX
Default at Reset
Peripheral Selection 2 and
AlOx and Peripheral Selection 1 Peripheral Selection 3
AIOMUX1 Register Bits AIOMUX1 Bits = 0,x AIOMUX1 Bits = 1,x

1-0 ADCINAO (1) ADCINAO (1)

3-2 ADCINA1 (1) ADCINA1 (1)

5-4 AlO2 (1/0) ADCINA2 (1), COMP1A (1)

7-6 ADCINAS3 (1) ADCINAS3 (1)

9-8 AlO4 (1/0) ADCINA4 (1), COMP2A (1)
11-10 ADCINAS5 (1) ADCINAS5 (1)
13-12 AlO6 (1/0) ADCINAG (1), COMP3A (1)
15-14 ADCINAY (1) ADCINAY (1)
17-16 ADCINBO (1) ADCINBO (1)
19-18 ADCINB1 (1) ADCINB1 (1)
21-20 AlO10 (I/0) ADCINB2 (1), COMP1B (1)
23-22 ADCINB3 (1) ADCINB3 (1)
25-24 AlO12 (1/0) ADCINB4 (1), COMP2B (l)
27-26 ADCINBS5 () ADCINBS5 ()
29-28 AlO14 (1/0) ADCINBS (1), COMP3B (1)
31-30 ADCINB?7 (1) ADCINB?Y (I)

SPRUI10A — DECEMBER 2018 — REVISED JUNE 2022 TMS320F2803x Microcontrollers 1M

Submit Document Feedback
Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUI10
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUI10A&partnum=F2803X

13 TEXAS
INSTRUMENTS

System Control and Interrupts www.ti.com

1.4.6 GPIO Registers
1.4.6.1 GPIO Port A Qualification Control (GPACTRL) Register

The GPACTRL registers specify the sampling period for input pins when configured for input qualification using
a window of 3 or 6 samples. The sampling period is the amount of time between qualification samples relative to
the period of SYSCLKOUT. The number of samples is specified in the GPAQSELn registers.

Figure 1-59. GPIO Port A Qualification Control (GPACTRL) Register

31 24 23 16
QUALPRD3 QUALPRD2
R/W-0 R/W-0
15 8 7 0
QUALPRD1 QUALPRDO
R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-63. GPIO Port A Qualification Control (GPACTRL) Register Field Descriptions
Bits Field Value |Description (1)
31-24 QUALPRD3 Specifies the sampling period for pins GP1024 to GPIO31.

0x00 Sampllng Period = TSYSCLKOUT @

0x01 Sampling Period = 2 x TgyscLkouT
0x02 Sampling Period = 4 x TgyscLkouT

OxFF | Sampling Period = 510 x TgyscLkouT
23-16 QUALPRD2 Specifies the sampling period for pins GPIO16 to GP1023.
0x00 Sampling Period = TsyscLkouT @

0x01 Sampllng Period =2 x TSYSCLKOUT
0x02 |Sampling Period = 4 x TgyscikouT

OxFF Sampllng Period = 510 x TSYSCLKOUT
15-8 QUALPRD1 Specifies the sampling period for pins GPIO8 to GPIO15.
0x00 Sampling Period = TsyscLkouT @

0x01 Sampling Period = 2 x TgyscLkouT
0x02 Sampling Period = 4 x TgyscLkouT

OxFF | Sampling Period = 510 x TgyscLkouT
7-0 QUALPRDO Specifies the sampling period for pins GPIOO0 to GPIO7.
0x00 Sampling Period = TsyscLkouT @

0x01 |Sampling Period = 2 x TgyscLKouT
0x02 Sampling Period = 4 x TgyscLkouT

OxFF Sampllng Period = 510 x TSYSCLKOUT

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.
(2) TsyscLkour indicates the period of SYSCLKOUT.
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1.4.6.2 GPIO Port A Qualification Select 1 (GPAQSEL1) Register
Figure 1-60. GPIO Port A Qualification Select 1 (GPAQSEL1) Register

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
GPIO15 GPIO14 GPIO13 GPI1012 GPIO11 GPIO10 GPIO9 GPIO8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
GPIO7 GPI06 GPIO5S GPI104 GPIO3 GPI02 GPIO1 GPIOO
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-64. GPIO Port A Qualification Select 1 (GPAQSEL1) Register Field Descriptions

Bits Field Value |Description ()
31-0 GPIO15-GPIO0 Select input qualification type for GPIO0 to GPIO15. The input qualification of each GPIO
input is controlled by two bits as shown in Figure 1-60.
00 Synchronize to SYSCLKOUT only. Valid for both peripheral and GPIO pins.
01 Qualification using 3 samples. Valid for pins configured as GPIO or a peripheral function.
The time between samples is specified in the GPACTRL register.
10 Qualification using 6 samples. Valid for pins configured as GPIO or a peripheral function.
The time between samples is specified in the GPACTRL register.
11 Asynchronous. (no synchronization or qualification). This option applies to pins configured

as peripherals only. If the pin is configured as a GPIO input, then this option is the same as
0,0 or synchronize to SYSCLKOUT.

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.
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1.4.6.3 GPIO Port A Qualification Select 2 (GPAQSEL2) Register
Figure 1-61. GPIO Port A Qualification Select 2 (GPAQSEL2) Register

31 29 28 27 26 25 24 23 2 20 20 19 18 17 16
GPIO31 GPI030 GPI029 ‘ GPIO28 ‘ GPIO27 ‘ GPIO26 ‘ GPIO25 GPIO24
RIW-0 RIW-0 RIW-0 RIW-0 RW-0 RIW-0 RIW-0 RW-0
15 13 12 1 10 9 8 7 6 5 4 3 2 1 0
GPI023 GPI022 GPI021 GPI020 GPIO19 GPIO18 GPIO17 GPIO16
RIW-0 RIW-0 RIW-0 RIW-0 RW-0 RIW-0 RIW-0 RW-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-65. GPIO Port A Qualification Select 2 (GPAQSEL2) Register Field Descriptions

Bits Field Value |Description (1)
31-0 GPIO31-GPIO16 Select input qualification type for GPIO16 to GPIO31. The input qualification of each GPIO
input is controlled by two bits as shown in Figure 1-61.
00 Synchronize to SYSCLKOUT only. Valid for both peripheral and GPIO pins.
01 Qualification using 3 samples. Valid for pins configured as GPIO or a peripheral function. The
time between samples is specified in the GPACTRL register.
10 Qualification using 6 samples. Valid for pins configured as GPIO or a peripheral function. The
time between samples is specified in the GPACTRL register.
11 Asynchronous. (no synchronization or qualification). This option applies to pins configured as

peripherals only. If the pin is configured as a GPIO input, then this option is the same as 0,0
or synchronize to SYSCLKOUT.

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.

1.4.6.4 GPIO Port A MUX 1 (GPAMUX1) Register
Figure 1-62. GPIO Port A MUX 1 (GPAMUX1) Register

31 29 28 27 26 25 24 23 22 21 20 19 18 17 16
GPIO15 GPI014 GPIO13 GPIO12 GPIO11 GPIO10 GPIO9 GPIO8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

15 13 12 1 10 9 8 7 6 5 4 3 2 1 0
GPIO7 GPIO6 GPIO5 GPI104 GPIO3 GPI102 GPIO1 GPIOO
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
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Table 1-66. GPIO Port A Multiplexing 1 (GPAMUX1) Register Field Descriptions
Bits |Field Value |Description (1)
31-30 |GPIO15 Configure the GPIO15 pin as:
00 |GPIO15 - General purpose input/output 15 (default) (I/O)

01 |TZ1 - Trip Zone 1(I) . The pin function for this option is based on the direction chosen in the GPADIR
register. If the pin is configured as an input, then TZ1 function is chosen.

10 |LINRXA - LIN A receive (l)

11 | SPISTEB - SPI-B Slave transmit enable

29-28 |GPIO14 Configure the GPIO14 pin as:

00 |GPIO14 - General purpose 1/O 14 (default) (1/0O)
01 |TZ3 - Trip zone 3,

10 [LINTXA - LIN A Transmit (O)

11 | SPICLKB - SPI-B clock
This option is reserved on devices that do not have an SPI-B port. (2)

27-26 |GPIO13 Configure the GPIO13 pin as:

00 |GPIO13 - General purpose 1/0 13 (default) (I/O)
01 |TZ2 - Trip zone 2 (1)

10 |Reserved

11 |SPISOMIB (I/O) - SPI-B Slave Output/Master input
This option is reserved on devices that do not have an SPI-B port. (2)

25-24 |GPIO12 Configure the GPIO12 pin as:

00 |GPIO12 - General purpose 1/0 12 (default) (1/O)
01 |TZ7 - Trip zone 1 (1)

10 |SCITXDA - SCI-A Transmit (O)

11 |SPISIMOB (I/O) - SPI-B Slave input/Master output
This option is reserved on devices that do not have an SPI-B port. (2)

23-22 |GPIOM Configure the GPIO11 pin as:

00 |GPIO11 - General purpose I/0 11 (default) (1/0O)
01 |EPWMS6B - ePWM 6 output B (O)

10 |LINRXA - LIN A receive (l)

11 |HRCAP2 (I)

21-20 |GPIO10 Configure the GPIO10 pin as:

00 |GPIO10 - General purpose 1/0 10 (default) (I/O)
01 |EPWMB6A - ePWMS6 output A (O)

10 |Reserved

11 |ADCSOCBO - ADC Start of conversion B (O)
19-18 |GPIO9 Configure the GPIO9 pin as:

00 |GPIO9 - General purpose 1/0O 9 (default) (1/0O)
01 |EPWMS5B - ePWM5 output B

10 |[LINTXA - LIN-A Transmit (O)

11 |HRCAP1

17-16 |GPIO8 Configure the GPIOS8 pin as:

00 |GPIO8 - General purpose I/O 8 (default) (1/0)
01 |EPWM5A - ePWMS5 output A (O)

10 |Reserved

11 |ADCSOCAO - ADC Start of conversion A
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Table 1-66. GPIO Port A Multiplexing 1 (GPAMUX1) Register Field Descriptions (continued)

Bits |Field Value |Description (1)
15-14 |GPIO7 Configure the GPIO7 pin as:
00 |GPIO7 - General purpose I/O 7 (default) (1/0O)
01 |EPWM4B - ePWM4 output B (O)
10 |SCIRXDA (I) - SCI-A receive (l)
11 |Reserved
13-12 |GPIO6 Configure the GPIO6 pin as:
00 |GPIOB6 - General purpose I/O 6 (default)
01 |EPWM4A - ePWM4 output A (O)
10 |EPWMSYNCI - ePWM Synch-in (1)
11 |EPWMSYNCO - ePWM Synch-out (O)
11-10 |GPIO5 Configure the GPIO5 pin as:
00 |GPIO5 - General purpose I/0 5 (default) (1/0)
01 |EPWMS3B - ePWM3 output B
10 |SPISIMOA (I/O) - SPI-A Slave input/Master output
11 |ECAP1 - eCAP1 (I/O)
9-8 |GPIO4 Configure the GPIO4 pin as:
00 |GPIO4 - General purpose I/O 4 (default) (1/0)
01 |EPWMB3A - ePWM3 output A (O)
10 |Reserved. (@)
11 |Reserved. @
7-6 |GPIO3 Configure the GPIO3 pin as:
00 |GPIOS3 - General purpose 1/0 3 (default) (1/0O)
01 |EPWM2B - ePWM2 output B (O)
10 |SPISOMIA (I/O) - SPI-A Slave output/Master input
11 |COMP20UT (O) - Comparator 2 output
5-4 |GPIO2 Configure the GPIO2 pin as:
00 |GPIO2 (I/O) General purpose 1/O 2 (default) (1/0)
01 |EPWM2A - ePWM2 output A (O)
10 |Reserved. @
11 |Reserved. @
3-2 |GPIO1 Configure the GPIO1 pin as:
00 |GPIO1 - General purpose 1/O 1 (default) (1/0O)
01 |EPWM1B - ePWM1 output B (O)
10 |Reserved
11 |COMP10UT (O) - Comparator 1 output
1-0 |GPIOO Configure the GPIOO pin as:
00 |GPIOO - General purpose I/O 0 (default) (I/0)
01 |EPWM1A - ePWM1 output A (O)
10 |Reserved. (@)
11 |Reserved. @

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.
(2) If reserved configurations are selected, then the state of the pin will be undefined and the pin may be driven. These selections are
reserved for future expansion and should not be used.
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1.4.6.5 GPIO Port A MUX 2 (GPAMUX2) Register

Figure 1-63. GPIO Port A MUX 2 (GPAMUX2) Register

31 30 29 28 27 26 25 24 23

22 21 20 19 18 17

GPIO31 GPIO30 ‘ GPI029 ‘ GPIO28 ‘ GPIO27 ‘ GPIO26 ‘ GPI025 GPIO24
RIW-0 RIW-0 R/W-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
GPI023 GPI022 GPI021 GPI020 GPIO19 GPIO18 GPIO17 GPIO16
R/IW-0 RIW-0 RIW-0 R/W-0 RIW-0 RIW-0 RIW-0 RIW-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-67. GPIO Port A MUX 2 (GPAMUX2) Register Field Descriptions

Bits |Field Value | Description (1)
31-30 | GPIO31 Configure the GPIO31 pin as:
00 |GPIO31 - General purpose 1/0 31 (default) (I/O)
01 |CANTXA - eCAN-A transmit (O)
1(1) 1or Reserved
29-28 |GPIO30 Configure the GPIO30 pin as:
00 |GPIO30 (I/O) General purpose 1/0O 30 (default) (I/O)
01 |CANRXA - eCAN-A receive (l)
L (1) 1or Reserved
27-26 | GP1029 Configure the GPIO29 pin as:
00 |GPIO29 (I/0) General purpose 1/O 29 (default) (1/0)
01 |SCITXDA - SCI-A transmit. (O)
10 |SCLA - I2C clock open drain bidirectional port (1/O)
11 |TZ3 - Trip zone 3(l)
25-24 |GP1028 Configure the GPIO28 pin as:
00 |GPIO28 (1/0) General purpose 1/0 28 (default) (1/0O)
01 |SCIRXDA - SCI-A receive (l)
10 |SDAA - I12C data open drain bidirectional port (I/O)
11 |TZ2 - Trip zone 2 (1)
23-22 |GP1027 Configure the GPIO27 pin as:
00 |GPIO27 - General purpose 1/0 27 (default) (1/O)
01 HRCAP2
10 |Reserved
11 | SPISTEB (I/O) - SPI-B Slave transmit enable
21-20 |GP1026 Configure the GPIO26 pin as:
00 |GPIO26 - General purpose I/0 26 (default) (1/O)
01 |HRCAP1
10 |Reserved
11 |SPICLKB (I/O) - SPI-B clock
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Table 1-67. GPIO Port A MUX 2 (GPAMUX2) Register Field Descriptions (continued)

Bits |Field Value |Description (1)
19-18 | GP1025 Configure the GPIO25 pin as:
00 |GPIO25 - General purpose 1/0O 25 (default) (I/0O)
01 |Reserved
10 |Reserved
11 |SPISOMIB (I/O) - SPI-B Slave Output/Master input
17-16 |GP1024 Configure the GPI024 pin as:
00 |GPIO24 - General purpose 1/0O 24 (default) (I/0O)
01 |ECAP1 - eCAP1 (I/0)
10 |Reserved
11 |SPISIMOB (I/O) - SPI-B Slave input/Master output
15-14 |GPIO23 Configure the GPIO23 pin as:
00 |GPIO23 - General purpose 1/0 23 (default) (1/O)
01 |EQEP1I - eQEP1 index (I/O)
10 |Reserved
11 |LINRXA - LIN A receive (I)
13-12 | GPIO22 Configure the GPIO22 pin as:
00 |GPIO22 - General purpose I/0 22 (default) (1/O)
01 |EQEP1S - eQEP1 strobe (I/O)
10 |Reserved
11 |LINTXA - LIN A Transmit (O)
11-10 | GP1021 Configure the GPIO21 pin as:
00 |GPIO21 - General purpose 1/0 21 (default) (I/0O)
01 |EQEP1B - eQEP1 input B (I)
10 |Reserved
11 |COMP20UT (O) - Comparator 2 output
9-8 |GPIO20 Configure the GPIO20 pin as:
00 |GPIO20 - General purpose 1/0 22 (default) (I/O)
01 |EQEP1A - eQEP1 input A (1)
10 |Reserved
11 |COMP10UT (O) - Comparator 1 output
7-6 |GPIO19/XCLKIN Configure the GPIO19 pin as:
00 |GPIO19 - General purpose 1/0 19 (default) (I/O)
01 |SPISTEA - SPI-A slave transmit enable (1/0)
10 |[LINRXA (I) - LIN A receive (1)
11 |ECAP1 - eCAP1 (1/O)
5-4 |GPIO18 Configure the GPIO18 pin as:
00 |GPIO18 - General purpose 1/0 18 (default) (1/O)
01 |SPICLKA - SPI-A clock (I/0)
10 |[LINTXA (O) - LIN A Transmit (O)
11 | XCLKOUT (O) - External clock output
3-2 |GPIO17 Configure the GPIO17 pin as:
00 |GPIO17 - General purpose I/0 17 (default) (1/O)
01 |SPISOMIA - SPI-A Slave output/Master input (1/O)
10 |Reserved
11 |TZ3 - Trip zone 3 (1)
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Table 1-67. GPIO Port A MUX 2 (GPAMUX2) Register Field Descriptions (continued)

Bits

Field

Value

Description ()

GPIO16

00
01
10

1

Configure the GPIO16 pin as:

GPIO16 - General purpose /O 16 (default) (1/0)
SPISIMOA - SPI-A slave-in, master-out (1/O)
Reserved

TZ2 - Trip zone 2 (1)

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.
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1.4.6.6 GPIO Port A Direction (GPADIR) Register

The GPADIR register controls the direction of the pins when they are configured as a GPIO in the appropriate
MUX register. The direction register has no effect on pins configured as peripheral functions.

Figure 1-64. GPIO Port A Direction (GPADIR) Register

31 30 29 28 27 26 25 24
GPIO31 GPI030 GPI029 GPIO28 ‘ GPIO27 ‘ GPIO26 ‘ GPIO25 GPIO24
RIW-0 RIW-0 RIW-0 RIW-0 RW-0 RIW-0 RIW-0 RW-0
23 22 21 20 19 18 17 16
GPI023 GPIO22 GPIO21 GPI020 GPIO19 GPIO18 GPIO17 GPIO16
RIW-0 RIW-0 RIW-0 RIW-0 RW-0 RIW-0 RIW-0 RW-0
15 14 13 12 11 10 9 8
GPIO15 GPIO14 GPIO13 GPIO12 GPIO11 GPIO10 GPIO9 GPIOS
RIW-0 RIW-0 RIW-0 RIW-0 RW-0 RIW-0 RIW-0 RW-0
7 6 5 4 3 2 1 0
GPIO7 GPIO6 GPIOS5 GPIO4 GPIO3 GPIO2 GPIO1 GPIOO
RIW-0 RIW-0 RIW-0 RIW-0 RW-0 RIW-0 RIW-0 RW-0

LEGEND: R/W = Read/Write; -n = value after reset

Table 1-68. GPIO Port A Direction (GPADIR) Register Field Descriptions
Bits |Field Value |Description ()

31-0 GPI031-GPIO0 Controls direction of GPIO Port A pins when the specified pin is configured as a GPIO in the
appropriate GPAMUX1 or GPAMUX2 register.

0 Configures the GPIO pin as an input. (default)

1 Configures the GPIO pin as an output.

The value currently in the GPADAT output latch is driven on the pin. To initialize the GPADAT
latch prior to changing the pin from an input to an output, use the GPASET, GPACLEAR, and
GPATOGGLE registers.

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.

120 TMS320F2803x Microcontrollers SPRUI10A — DECEMBER 2018 — REVISED JUNE 2022
Submit Document Feedback
Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUI10
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUI10A&partnum=F2803X

13 TEXAS
INSTRUMENTS

www.ti.com System Control and Interrupts

1.4.6.7 GPIO Port A Pullup Disable (GPAPUD) Register

The pullup disable (GPAPUD) register allows you to specify which pins should have an internal pullup resister
enabled. The internal pullups on the pins that can be configured as ePWM outputs(GPIO0-GPIO11) are all
disabled asynchronously when the external reset signal ( XRS) is low. The internal pullups on all other pins are
enabled on reset. When coming out of reset, the pullups remain in their default state until you enable or disable
them selectively in software by writing to this register. The pullup configuration applies both to pins configured as
I/0 and those configured as peripheral functions.

Figure 1-65. GPIO Port A Pullup Disable (GPAPUD) Register

31 30 29 28 27 26 25 24
GPIO31 GPIO30 GPI1029 GP1028 GPI1027 ‘ GPI1026 ‘ GP1025 GPI1024
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
23 22 21 20 19 18 17 16
GP1023 GPI1022 GP1021 GP1020 GPIO19 GPIO18 GPIO17 GPIO16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
15 14 13 12 1 10 9 8
GPIO15 GPIO14 GPIO13 GPI012 GPIO11 GPIO10 GPIO9 GPIO8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-1 R/W-1 R/W-1
7 6 5 4 3 2 1 0
GPIO7 GPIO6 GPIO5 GPI104 GPIO3 GPI02 GPIO1 GPIOO
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-69. GPIO Port A Internal Pullup Disable (GPAPUD) Register Field Descriptions
Bits Field Value |Description ()

31-0 GPI031-GPIO0 Configure the internal pullup resister on the selected GPIO Port A pin. Each GPIO pin
corresponds to one bit in this register.

0 Enable the internal pullup on the specified pin. (default for GPIO12-GPIO31)
1 Disable the internal pullup on the specified pin. (default for GPIO0-GPIO11)

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.
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1.4.6.8 GPIO Port B Qualification Control (GPBCTRL) Register
Figure 1-66. GPIO Port B Qualification Control (GPBCTRL) Register
31 16
Reserved
R-0
15 8 7 0
QUALPRD1 QUALPRDO
R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-70. GPIO Port B Qualification Control (GPBCTRL) Register Field Descriptions

Bits Field Value |Description ()
31-16 Reserved Reserved
15-8 QUALPRD1 Specifies the sampling period for pins GPIO40 to GP1044

0x00 |Sampling Period = Tsyscikout @
0x01 Sampling Period = 2 x TgyscLkouT

0x02 |Sampling Period = 4 x TgyscLkouT

OxFF Sampling Period = 510 x TgyscLkouT
7-0 QUALPRDO Specifies the sampling period for pins GPIO32 to GPIO 39
OxFF Sampllng Period = 510 x TSYSCLKOUT

0x00 |Sampling Period = Tsyscikout @
0x01 Sampling Period = 2 x TgyscLkouT

0x02 |Sampling Period = 4 x TgyscLKouT

OxFF | Sampling Period = 510 x TgyscLkouT

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.
(2) TsyscLkout indicates the period of SYSCLKOUT.
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1.4.6.9 GPIO Port B Qualification Select 1 (GPBQSEL1) Register
Figure 1-67. GPIO Port B Qualification Select 1 (GPBQSEL1) Register

31 26 25 24 23 22 21 20 19 18 17 16
Reserved GP1044 GPI1043 GP1042 GP1041 GPI040
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
GPIO39 GPIO38 GPI1037 GPI0O36 GPIO35 GPI1034 GPIO33 GPI1032
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-71. GPIO Port B Qualification Select 1 (GPBQSEL1) Register Field Descriptions

Bits Field Value |Description ()
31-26 Reserved
25-0 GPIO 44-GPI1032 Select input qualification type for GPIO32 to GP1044. The input qualification of each GPIO
input is controlled by two bits as shown in Figure 1-67.
00 Synchronize to SYSCLKOUT only. Valid for both peripheral and GPIO pins.
01 Qualification using 3 samples. Valid for pins configured as GPIO or a peripheral function.
The time between samples is specified in the GPACTRL register.
10 Qualification using 6 samples. Valid for pins configured as GPIO or a peripheral function.
The time between samples is specified in the GPACTRL register.
11 Asynchronous. (no synchronization or qualification). This option applies to pins configured
as peripherals only. If the pin is configured as a GPIO input, then this option is the same as
0,0 or synchronize to SYSCLKOUT.

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.

1.4.6.10 GPIO Port B MUX 1 (GPBMUX1) Register

Figure 1-68. GPIO Port B MUX 1 (GPBMUX1) Register

31 26 25 24 23 22 21 20 19 18 17 16
Reserved GPI044 GPI043 GPI1042 GPI041 GPI040
R-0 R/W-0 R/W-0 RIW-0 R/W-0 R/W-0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GPI039 GPIO38/ GPIO37(TDO) | GPIO36(TMS) | GPIO35(TDI) GPI034 GPI0O33 GPI032
XCLKIN (TCK)
R/W-0 RIW-0 RIW-0 R/W-0 R/W-0 RIW-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
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Table 1-72. GPIO Port B MUX 1 (GPBMUX1) Register Field Descriptions

Bit |Field Value Description
31-26 |Reserved Reserved
25-24 |GPIO44 Configure this pin as:
00 GPIO 44 - general purpose 1/O 44 (default)
01 Reserved
10 or 11 Reserved
23-22 |GPIO43 Configure this pin as:
00 GPIO 43 - general purpose 1/O 43 (default)
01or10 Reserved
11 COMP20UT (O) - Comparator 2 output
21-20 |GPIO42 Configure this pin as:
00 GPIO 42 - general purpose 1/O 42 (default)
01o0r10 Reserved
11 COMP10UT (O) - Comparator 1 output
19-18 |GPIO41 Configure this pin as:
00 GPIO 41 - general purpose 1/0O 41 (default)
01 EPWM7B (O) ePWM?7 output B (O)
10 or 11 Reserved
17-16 |GPIO40 Configure this pin as:
00 GPIO 40 - general purpose 1/0O 40 (default)
01 EPWMT7A (O) - ePWM7 output A (O)
10 or 11 Reserved
15-14 |GPIO39 Configure this pin as:
00 GPIO 39 - general purpose 1/0 39 (default)
01 Reserved
10 or 11 Reserved
13-12 |GPIO38/XCLKIN Configure this pin as:
(TCK) 00 GPIO 38 - general purpose I/O 38 (default) If TRST = 1, JTAG TCK function is chosen for
this pin. This pin can also be used to provide a clock from an external oscillator to the core.
01 Reserved
10 or 11 Reserved
11-10 |GPIO37(TDO) Configure this pin as:
00 GPIO 37 - general purpose 1/0 37 (default) If TRST = 1, JTAG TDO function is chosen for
this pin.
01 Reserved
10 or 11 Reserved
9-8 |GPIO36(TMS) Configure this pin as:
00 GPIO 36 - general purpose 1/0 36 (default) If TRST = 1, JTAG TMS function is chosen for
this pin.
01 Reserved
10 or 11 Reserved
7-6 |GPIO35(TDI) Configure this pin as:
00 GPIO 35 - general purpose 1/0 35 (default) If TRST = 1, JTAG TDI function is chosen for this
pin.
01 Reserved
10 or 11 Reserved
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Table 1-72. GPIO Port B MUX 1 (GPBMUX1) Register Field Descriptions (continued)

Bit |Field Value Description

5-4 |GPIO34 Configure this pin as:
00 GPIO 34 - general purpose 1/0 34 (default)
01 COMP20UT (O) - Comparator 2 output
10 Reserved
11 COMP30OUT (O) - Comparator 3 output

3-2 |GPIO33 Configure this pin as:
00 GPIO 33 - general purpose 1/0 33 (default)
01 SCLA - I2C clock open drain bidirectional port (1/0)
10 EPWMSYNCO - External ePWM sync pulse output (O)
1 ADCSOCBO - ADC start-of-conversion B (O)

1-0 |GPIO32 Configure this pin as:
00 GPIO 32 - general purpose 1/0O 32 (default)
01 SDAA - |2C data open drain bidirectional port (1/0)
10 EPWMSYNCI - External ePWM sync pulse input (1)
1 ADCSOCAO - ADC start-of-conversion A (O)
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1.4.6.11 GPIO Port B Direction (GPBDIR) Register

The GPBDIR register controls the direction of the pins when they are configured as a GPIO in the appropriate
MUX register. The direction register has no effect on pins configured as peripheral functions.

Figure 1-69. GPIO Port B Direction (GPBDIR) Register

31 13 12 11 10 9 8
Reserved ‘ GPIO44 ‘ GPIO43 ‘ GPIO42 ‘ GPIO41 ‘ GPI040 ‘
R-0 RIW-0 RIW-0 RW-0 RW-0 RIW-0
7 6 5 4 3 2 1 0
GPIO39 GPIO38 GPIO37 GPIO36 GPIO35 GPIO34 GPIO33 GPI032
R-0 RIW-0 RIW-0 RIW-0 RW-0 RIW-0 RIW-0 RW-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-73. GPIO Port B Direction (GPBDIR) Register Field Descriptions

Bits |Field Value |Description (1)
31-13 |Reserved
12-0 GPI1044-GPI1032 Controls direction of GPIO pin when GPIO mode is selected. Reading the register returns the

current value of the register setting
0 Configures the GPIO pin as an input. (default)
1 Configures the GPIO pin as an output.

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.
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1.4.6.12 GPIO Port B Pullup Disable (GPBPUD) Register

The pullup disable (GPBPUD) register allows you to specify which pins should have an internal pullup resister
enabled. The internal pullups on all pins are enabled on reset. When coming out of reset, the pullups remain in

their default state until you enable or disable them selectively in software by writing to this register. The pullup
configuration applies both to pins configured as I/O and those configured as peripheral functions.

Figure 1-70. GPIO Port B Pullup Disable (GPBPUD) Register

31 16
Reserved
R-0
15 13 12 11 10 9 8
Reserved GPIO44 GPIO43 GPI1042 GP1041 GPIO40
R/W-0 R/W-0 R/W-0 R/W-1 R/W-1
7 5 4 3 2 1 0
GPIO39 GPIO38 GPIO37 GPIO36 GPIO35 GPIO34 GPIO33 GPIO32
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 1-74. GPIO Port B Internal Pullup Disable (GPBPUD) Register Field Descriptions
Bits  |Field Value |Description (1)
31-13 |Reserved Reserved
12-0 GPIO 44- Configure the internal pullup resister on the selected GPIO Port B pin. Each GPIO pin
GPIO32 corresponds to one bit in this register.
0 Enable the internal pullup on the specified pin. (default)
1 Disable the internal pullup on the specified pin.
(1)  This register is EALLOW protected. See Section 1.5.2 for more information.
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1.4.6.13 Analog I/0 MUX (AIOMUX1) Register
Figure 1-71. Analog I/O MUX (AIOMUX1) Register
31 30 27 26 25 24 23 22 21 20 19 16
Reserved ‘ Reserved ‘ AlO12 ‘ Reserved ‘ AlO10 Reserved
R-0 R-0 R/W-1,x R-0 R/W-1,x R-0
15 14 11 10 9 8 7 6 5 4 3 0
Reserved Reserved AlO4 Reserved AlO2 Reserved
R-0 R-0 R/W-1,x R-0 R/W-1,x R-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-75. Analog I/O MUX (AIOMUX1) Register Field Descriptions

Bit |Field Value Description
31-30 |Reserved Any writes to these bits must always have a value of 0.
29-28 |AIO14 000r01  |AIO14 enabled
10 or 11 AlO14 disabled (default)
27-26 |Reserved Any writes to these bits must always have a value of 0.
2524 |AIO12 000r01  |AIO12 enabled
10 0or 11 AlO12 disabled (default)
23-22 |Reserved Any writes to these bits must always have a value of 0.
21-20 |AIO10 000r01  |AIO10 enabled
10 or 11 AlO10 disabled (default)
19-14 |Reserved Any writes to these bits must always have a value of 0.
13-12 |AIO6 000r01  |AIO6 enabled
10 or 11 AlOB6 disabled (default)
11-10 |Reserved Any writes to these bits must always have a value of 0.
98 |AIO4 000r01  |AIO4 enabled
10 or 11 AlO4 disabled (default)
7-6 |Reserved Any writes to these bits must always have a value of 0.
54 |AI02 000r01  |AIO2 enabled
10 or 11 AlO2 disabled (default)
3-0 |Reserved Any writes to these bits must always have a value of 0.
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1.4.6.14 Analog I/0O Direction (AIODIR) Register

Figure 1-72. Analog I/O Direction (AIODIR) Register

31 16
Reserved
R-0
15 14 13 12 11 10 9 8
Reserved AlO14 Reserved AlO12 Reserved AlO10 Reserved
R-0 R/W-x R-0 R/W-x R-0 R/W-x R-0
7 6 5 4 3 2 1 0
Reserved AlIO6 Reserved AlO4 Reserved AlO2 Reserved
R-0 R/W-x R-0 R/W-x R-0 R/W-x R-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-76. Analog I/O Direction (AIODIR) Register Field Descriptions

Configures the AIO pin as an input. (default)
Configures the AIO pin as an output.

Bit Field Value |Description
31-15 |Reserved
14-0 |AIOn Controls direction of the available AlO pin when AIO mode is selected. Reading the register returns
the current value of the register setting
0
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1.4.6.15 GPIO XINTn Interrupt Select (GPIOXINTnSEL) Register
Figure 1-73. GPIO XINTn Interrupt Select (GPIOXINTnSEL) Register
15 5 4 0
Reserved GPIOXINTnSEL
R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-77. GPIO XINTn Interrupt Select (GPIOXINTnSEL) Register Field Descriptions

Bits Field Value |Description ()
15-5 |Reserved Reserved
4-0 GPIOXINTnSEL Select the port A GPIO signal (GPIO0-GPIO31) that is used as the XINT1, XINT2, or XINT3

interrupt source. In addition, you can configure the interrupt in the XINT1CR, XINT2CR, or
XINT3CR registers described in Section 1.6.5.

To use XINT2 as ADC start of conversion, enable it in the desired ADCSOCXCTL register. The
ADCSOC signal is always rising edge sensitive.

00000 |Select the GPIOO pin as the XINTn interrupt source. (default)
00001 |Select the GPIO1 pin as the XINTn interrupt source.

11110 |Select the GPIO30 pin as the XINTn interrupt source.
11111 | Select the GPIO31 pin as the XINTn interrupt source.

M

This register is EALLOW protected. See Section 1.5.2 for more information.

Table 1-78. XINT1/XINT2/XINT3 Interrupt Select and Configuration Registers

n Interrupt Interrupt Select Register Configuration Register
1 XINT1 GPIOXINT1SEL XINT1CR
2 XINT2 GPIOXINT2SEL XINT2CR
3 XINT3 GPIOXINT3SEL XINT3CR
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1.4.6.16 GPIO Low Power Mode Wakeup Select (GPIOLPMSEL) Register

Figure 1-74. GPIO Low Power Mode Wakeup Select (GPIOLPMSEL) Register

31 30 29 28 27 26 25 24
GPIO31 GPIO30 GPI1029 GP1028 GPI1027 GP1026 GP1025 GPI1024
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
23 22 21 20 19 18 17 16
GP1023 GPI1022 GP1021 GP1020 GPIO19 GPIO18 GPIO17 GPIO16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
15 14 13 12 1 10 9 8
GPIO15 GPIO14 GPIO13 GPI012 GPIO11 GPIO10 GPIO9 GPIO8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
7 6 5 4 3 2 1 0
GPIO7 GPIO6 GPIO5 GPI104 GPIO3 GPI02 GPIO1 GPIOO
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; -n = value after reset

Table 1-79. GPIO Low Power Mode Wakeup Select (GPIOLPMSEL) Register Field Descriptions

STANDBY low power modes.

If the respective bit is set to 1, the signal on the corresponding pin is able to wake the device

from both HALT and STANDBY low power modes.

Bits Field Value |Description ()
31-0 GPIO31-GPIO0 Low Power Mode Wakeup Selection. Each bit in this register corresponds to one GPIO port
A pin (GPIOO - GPIO31) as shown in Figure 1-74.
0 If the bit is cleared, the signal on the corresponding pin has no effect on the HALT and

(1)  This register is EALLOW protected. See Section 1.5.2 for more information.
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1.4.6.17 GPIO Port A Data (GPADAT) Register

The GPIO data registers indicate the current status of the GPIO pin, irrespective of which mode the pin is in.
Writing to this register will set the respective GPIO pin high or low if the pin is enabled as a GPIO output,
otherwise the value written is latched but ignored. The state of the output register latch will remain in its current
state until the next write operation. A reset will clear all bits and latched values to zero. The value read from the
GPxDAT registers reflect the state of the pin (after qualification), not the state of the output latch of the GPxDAT
register.

Typically the DAT registers are used for reading the current state of the pins. To easily modify the output level of
the pin, refer to the SET, CLEAR, and TOGGLE registers.

Figure 1-75. GPIO Port A Data (GPADAT) Register

31 30 29 28 27 26 25 24
GPIO31 GPIO30 GPI1029 GP1028 ‘ GPI1027 ‘ GPI1026 GP1025 GPI1024
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
23 22 21 20 19 18 17 16
GP1023 GPI1022 GP1021 GP1020 GPIO19 GPIO18 GPIO17 GPIO16
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
15 14 13 12 1 10 9 8
GPIO15 GPIO14 GPIO13 GPI012 GPIO11 GPIO10 GPIO9 GPIO8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
7 6 5 4 3 2 1 0
GPIO7 GPIO6 GPIO5 GPI104 GPIO3 GPI02 GPIO1 GPIOO
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset; x = state of the GPADAT register is unknown after reset (depends on
the level of the pin after reset).

Table 1-80. GPIO Port A Data (GPADAT) Register Field Descriptions

Bits Field Value |Description
31-0 GPIO31-GPIO0 Each bit corresponds to one GPIO port A pin (GPIO0-GPIO31) as shown in Figure 1-75.
0 Reading a 0 indicates that the state of the pin is currently low, irrespective of the mode the pin is
configured.

Writing a O forces an output of 0, if the pin is configured as a GPIO output in the appropriate
GPAMUX1/2 and GPADIR registers; otherwise, the value is latched but not used to drive the pin.

1 Reading a 1 indicates that the state of the pin is currently high irrespective of the mode the pin is
configured.

Writing a 1 forces an output of 1, if the pin is configured as a GPIO output in the appropriate
GPAMUX1/2 and GPADIR registers; otherwise, the value is latched but not used to drive the pin.
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1.4.6.18 GPIO Port A Set, Clear, and Toggle (GPASET, GPACLEAR, GPATOGGLE) Registers

Figure 1-76. GPIO Port A Set, Clear, and Toggle (GPASET, GPACLEAR, GPATOGGLE) Registers

31 30 29 28 27 26 25 24
GPIO31 GPIO30 GPI1029 GP1028 GPI1027 GP1026 GP1025 GPI1024
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
23 22 21 20 19 18 17 16
GP1023 GPI1022 GP1021 GP1020 GPIO19 GPIO18 GPIO17 GPIO16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
15 14 13 12 1 10 9 8
GPIO15 GPIO14 GPIO13 GPI012 GPIO11 GPIO10 GPIO9 GPIO8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
7 6 5 4 3 2 1 0
GPIO7 GPIO6 GPIO5 GPI104 GPIO3 GPI02 GPIO1 GPIOO
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-81. GPIO Port A Set (GPASET) Register Field Descriptions

Bits

Field

Value

Description

31-0

GPIO31-GPIO0

Each GPIO port A pin (GPIO0-GPIO31) corresponds to one bit in this register as shown in Figure
1-76.
Writes of 0 are ignored. This register always reads back a 0.

Writing a 1 forces the respective output data latch to high. If the pin is configured as a GPIO
output, then it will be driven high. If the pin is not configured as a GPIO output, then the latch is
set high but the pin is not driven.

Table 1-82. GPIO Port A Clear (GPACLEAR) Register Field Descriptions

Bits

Field

Value

Description

31-0

GPIO31 - GPIOO

Each GPIO port A pin (GPIO0-GPIO31) corresponds to one bit in this register as shown in Figure
1-76.

Writes of 0 are ignored. This register always reads back a 0.

Writing a 1 forces the respective output data latch to low. If the pin is configured as a GPIO
output, then it will be driven low. If the pin is not configured as a GPIO output, then the latch is
cleared but the pin is not driven.
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Table 1-83. GPIO Port A Toggle (GPATOGGLE) Register Field Descriptions
Bits Field Value |Description
31-0 GPIO31-GPIO0 Each GPIO port A pin (GPIO0-GPIO31) corresponds to one bit in this register as shown in Figure
1-76.

0 Writes of O are ignored. This register always reads back a 0.

Writing a 1 forces the respective output data latch to toggle from its current state. If the pin is
configured as a GPIO output, then it will be driven in the opposite direction of its current state. If
the pin is not configured as a GPIO output, then the latch is toggled but the pin is not driven.

1.4.6.19 GPIO Port B Data (GPBDAT) Register

The GPIO data registers indicate the current status of the GPIO pin, irrespective of which mode the pin is in.
Writing to this register will set the respective GPIO pin high or low if the pin is enabled as a GPIO output,
otherwise the value written is latched but ignored. The state of the output register latch will remain in its current
state until the next write operation. A reset will clear all bits and latched values to zero. The value read from the
GPxDAT registers reflect the state of the pin (after qualification), not the state of the output latch of the GPxDAT

register.

Typically the DAT registers are used for reading the current state of the pins. To easily modify the output level of
the pin, refer to the SET, CLEAR, and TOGGLE registers.

Figure 1-77. GPIO Port B Data (GPBDAT) Register

31 16
Reserved
R-0
15 13 12 1 10 9 8
Reserved GPI044 GPI043 GP1042 GP1041 GPI1040
R-0 R/W-x R/W-x R/W-x R/W-x R/W-x
7 6 5 4 3 2 1 0
GPIO39 GPIO38 GPI037 GPIO36 GPIO35 GPI034 GPIO33 GPI032
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset; x = state of the GPADAT register is unknown after reset (depends on

the level of the pin after reset).

Table 1-84. GPIO Port B Data (GPBDAT) Register Field Descriptions

Bit Field Value |Description
31-13 |Reserved Reserved
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Table 1-84. GPIO Port B Data (GPBDAT) Register Field Descriptions (continued)

Bit Field Value |Description
12-0 |GPIO 44-GPI1032 Each bit corresponds to one GPIO port B pin (GPIO32-GPIO 44) as shown in Figure 1-77.
0 Reading a 0 indicates that the state of the pin is currently low, irrespective of the mode the pin is

configured.

Writing a 0 forces an output of 0, if the pin is configured as a GPIO output in the appropriate
GPBMUX1 and GPBDIR registers; otherwise, the value is latched but not used to drive the pin.

Reading a 1 indicates that the state of the pin is currently high irrespective of the mode the pin is
configured.

Writing a 1 forces an output of 1, if the pin is configured as a GPIO output in the GPBMUX1 and
GPBDIR registers; otherwise, the value is latched but not used to drive the pin.
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1.4.6.20 GPIO Port B Set, Clear, and Toggle (GPBSET, GPBCLEAR, GPBTOGGLE) Registers
Figure 1-78. GPIO Port B Set, Clear, and Toggle (GPBSET, GPBCLEAR, GPBTOGGLE) Registers

31 16
Reserved
R-0
15 13 12 11 10 9 8
Reserved GPI044 GPIO43 GPI1042 GP1041 GPIO40
R/W-x R/W-x R/W-x R/W-x R/W-x
7 6 5 4 3 2 1 0
GPIO39 GPIO38 GPI037 GPIO36 GPIO35 GPI034 GPIO33 GPI032
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-85. GPIO Port B Set (GPBSET) Register Field Descriptions

Bits

Field

Value

Description

31-13

Reserved

Reserved

12-0

GPIO 44-GPI032

Each GPIO port B pin (GPIO32-GPIO 44) corresponds to one bit in this register as shown in
Figure 1-78.
Writes of O are ignored. This register always reads back a 0.

Writing a 1 forces the respective output data latch to high. If the pin is configured as a GPIO
output, then it will be driven high. If the pin is not configured as a GPIO output, then the latch is
set but the pin is not driven.

Table 1-86. GPIO Port B Clear (GPBCLEAR) Register Field Descriptions

Bits

Field

Value

Description

31-13

Reserved

Reserved

12-0

GPIO 44-GPI032

Each GPIO port B pin (GPIO32-GPIO 44) corresponds to one bit in this register as shown in
Figure 1-78.
Writes of 0 are ignored. This register always reads back a 0.

Writing a 1 forces the respective output data latch to low. If the pin is configured as a GPIO
output, then it will be driven low. If the pin is not configured as a GPIO output, then the latch is
cleared but the pin is not driven.
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Table 1-87. GPIO Port B Toggle (GPBTOGGLE) Register Field Descriptions

Bits Field Value |Description
31-13 |Reserved Reserved
12-0 GPIO 44-GPI0O32 Each GPIO port B pin (GPIO32-GPIO 44) corresponds to one bit in this register as shown in
Figure 1-78.
0 Writes of O are ignored. This register always reads back a 0.

Writing a 1 forces the respective output data latch to toggle from its current state. If the pin is
configured as a GPIO output, then it will be driven in the opposite direction of its current state. If
the pin is not configured as a GPIO output, then the latch is cleared but the pin is not driven.
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1.4.6.21 Analog I/O Data (AIODAT) Register
Figure 1-79. Analog I/O Data (AIODAT) Register
31 16
Reserved
R-0
15 14 13 12 11 10 9 8
Reserved AlO14 Reserved AlO12 Reserved AIO10 Reserved
R-0 R/W-x R-0 R/W-x R-0 R/W-x R-0
6 5 4 3 2 1 0
Reserved AlO6 Reserved AlO4 Reserved AlO2 Reserved
R-0 R/W-x R-0 R/W-x R-0 R/W-x R-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-88. Analog I/O Data (AIODAT) Register Field Descriptions

Bit Field Value |Description
31-15 |Reserved Reserved
14-0 |AIOn Each bit corresponds to one AIO port pin.
0 Reading a 0 indicates that the state of the pin is currently low, irrespective of the mode the pin is

configured.

Writing a 0 forces an output of 0, if the pin is configured as a AlO output in the appropriate
registers; otherwise, the value is latched but not used to drive the pin.

Reading a 1 indicates that the state of the pin is currently high irrespective of the mode the pin is
configured.

Writing a 1 forces an output of 1, if the pin is configured as a AlO output in the appropriate
registers; otherwise, the value is latched but not used to drive the pin.
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1.4.6.22 Analog I/O Set, Clear, and Toggle (AIOSET, AIOCLEAR, AIOTOGGLE) Registers
Figure 1-80. Analog I/O Set, Clear, and Toggle (AIOSET, AIOCLEAR, AIOTOGGLE) Registers

31 16
Reserved
R-0
15 14 13 12 11 10 9 8
Reserved AlO14 Reserved AlO12 Reserved AlO10 Reserved
R-0 R/W-x R-0 R/W-x R-0 R/W-x R-0
7 6 5 4 3 2 1 0
Reserved AlIO6 Reserved AlO4 Reserved AlO2 Reserved
R-0 R/W-x R-0 R/W-x R-0 R/W-x R-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-89. Analog I/O Set (AIOSET) Register Field Descriptions

Bits Field Value |Description
31-15 Reserved Reserved
14-0 AlOn Each AlO pin corresponds to one bit in this register.

0 Writes of O are ignored. This register always reads back a 0.

Writing a 1 forces the respective output data latch to high. If the pin is configured as a AlO output,
then it will be driven high. If the pin is not configured as a AlO output, then the latch is set but the
pin is not driven.

Table 1-90. Analog I/O Clear (AIOCLEAR) Register Field Descriptions

Bits Field Value |Description
31-15 Reserved Reserved
14-0 AlOn Each AlO pin corresponds to one bit in this register.

0 Writes of O are ignored. This register always reads back a 0.

Writing a 1 forces the respective output data latch to low. If the pin is configured as a AlO output,
then it will be driven low. If the pin is not configured as a AlO output, then the latch is cleared but
the pin is not driven.
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Table 1-91. Analog I/O Toggle (AIOTOGGLE) Register Field Descriptions

Bits Field Value

Description

31-15 |Reserved

14-0  |AIOn

Each AlO pin corresponds to one bit in this register.

Writes of O are ignored. This register always reads back a 0.

Writing a 1 forces the respective output data latch to toggle from its current state. If the pin is
configured as a AlO output, then it will be driven in the opposite direction of its current state. If the
pin is not configured as a AlO output, then the latch is cleared but the pin is not driven.

1.5 Peripheral Frames

This section describes the peripheral frames. It also describes the device emulation registers.

1.5.1 Peripheral Frame Registers

The device contains three peripheral register spaces. The spaces are categorized as:

» Peripheral Frame 0: These are peripherals that are mapped directly to the CPU memory bus. See Table 1-92.
» Peripheral Frame 1: These are peripherals that are mapped to the 32-bit peripheral bus. See Table 1-93.

» Peripheral Frame 2: These are peripherals that are mapped to the 16-bit peripheral bus. See Table 1-94.

Table 1-92. Peripheral Frame 0 Registers

Name () Address Range Size (x16) Access Type®@

Device Emulation Registers 0x00 0880 - 0x00 0984 261 EALLOW protected
System Power Control Registers 0x00 0985 - 0x00 0987 3 EALLOW protected
FLASH Registers(® 0x00 0A80 - 0x00 OADF 96 EALLOW protected
Code Security Module Registers 0x00 OAEOQ - 0x00 OAEF 16 EALLOW protected
ADC registers (dual-mapped) (0 wait, 0x00 0B0O - 0x00 OB1F 32 Not EALLOW protected
read only, CPU )

CPU-TIMERO/1/2 Registers 0x00 0CO00 - 0x00 0C3F 64 Not EALLOW protected
PIE Registers 0x00 OCEO - 0x00 OCFF 32 Not EALLOW protected
PIE Vector Table 0x00 0DO0O0 - 0x00 ODFF 256 EALLOW protected
CLA Registers 0x00 1400 - 0x00 147F 128 Yes

CLA to CPU Message RAM (CPU 0x00 1480 - 0x00 14FF 128 N/A

writes ignored)

CPU to CLA Message RAM (CLA 0x00 1500 - 0x00 157F 128 N/A

writes ignored)

(1) Registers in Frame 0 support 16-bit and 32-bit accesses.
(2) If registers are EALLOW protected, then writes cannot be performed until the EALLOW instruction is executed. The EDIS instruction

disables writes to prevent stray code or pointers from corrupting register contents.
(3) The Flash Registers are also protected by the Code Security Module (CSM).

140 TMS320F2803x Microcontrollers

SPRUI10A — DECEMBER 2018 — REVISED JUNE 2022

Copyright © 2022 Texas Instruments Incorporated

Submit Document Feedback


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUI10
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUI10A&partnum=F2803X

13 TEXAS

INSTRUMENTS
www.ti.com System Control and Interrupts
Table 1-93. Peripheral Frame 1 Registers
Name () Address Range Size (x16) Access Type @
eCANA Registers 0x6000 - 0x60FF 256 ®)
eCANA Mailbox RAM 0x6100 - Ox61FF 256 Not EALLOW protected
Comparator1 Registers 0x6400 - 0x641F 32 @)
Comparator2 Registers 0x6420 - 0x643F 32 ®)
Comparator3 Registers 0x6440 - 0x645F 32 ®)
ePWM1 + HRPWM1 Registers 0x6800 - 0x683F 64 @)
ePWM2 + HRPWM2 Registers 0x6840 - 0x687F 64 ®)
ePWM3 + HRPWM3 Registers 0x6880 - 0x68BF 64 ®)
ePWM4 + HRPWM4 Registers 0x68CO0 - Ox68FF 64 @)
ePWM5 + HRPWMS5 Registers 0x6900 - 0x693F 64 ®)
ePWM6 + HRPWM6 Registers 0x6940 - 0x697F 64 ®)
ePWM7 + HRPWM7 Registers 0x6980 - 0x69BF 64 @)
eCAP1 Registers 0x6A00 - 0x6A1F 32 Not EALLOW-protected
eQEP1 Registers 0x6B00 - 0x6B3F 64 Not EALLOW-protected
LIN-A Registers 0x6CO00 - Ox6C7F 128 @)
GPIO Control Registers 0x6F80 - Ox6FBF 128 EALLOW-protected
GPIO Data Registers 0x6FCO - Ox6FDF 32 Not EALLOW-protected
GPIO Interrupt and LPM Select Ox6FEO - Ox6FFF 32 EALLOW-protected

Registers

(1) Back-to-back write operations to Peripheral Frame 1 registers will incur a 1-cycle stall (1 cycle delay).
(2) Peripheral Frame 1 allows 16-bit and 32-bit accesses. All 32-bit accesses are aligned to even address boundaries.
(3) Some Registers/Bits are EALLOW protected. See the module reference guide for more information.

Table 1-94. Peripheral Frame 2 Registers

Name Address Range Size (x16) Access Type (1)
System Control Registers 0x7010 - 0x702F 32 EALLOW-protected
SPI-A Registers 0x7040 - 0x704F 16 Not EALLOW protected
SPI-B Registers 0x7740 - 0x7747 16 Not EALLOW protected
SCI-A Registers 0x7050 - 0x705F 16 Not EALLOW protected
NMI Watchdog Interrupt Registers 0x7060 - 0x706F 16

External Interrupt Registers 0x7070 - Ox707F 16 Not EALLOW protected
ADC Registers 0x7100 - Ox711F 32 Not EALLOW protected
I2C Registers 0x7900 - 0x793F 64 Not EALLOW protected

(1)  Peripheral Frame 2 only allows 16-bit accesses. All 32-bit accesses are ignored (invalid data can be returned or written).
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1.5.2 EALLOW-Protected Registers

Several control registers are protected from spurious CPU writes by the EALLOW protection mechanism. The
EALLOW bit in status register 1 (ST1) indicates if the state of protection as shown in Table 1-95.

Table 1-95. Access to EALLOW-Protected Registers

EALLOW Bit CPU Writes CPU Reads JTAG Writes JTAG Reads
0 Ignored Allowed Allowed(") Allowed
1 Allowed Allowed Allowed Allowed

(1) The EALLOW bit is overridden via the JTAG port, allowing full access of protected registers during debug from the Code Composer
Studio™ IDE.

At reset the EALLOW bit is cleared enabling EALLOW protection. While protected, all writes to protected
registers by the CPU are ignored and only CPU reads, JTAG reads, and JTAG writes are allowed. If this bit is
set, by executing the EALLOW instruction, then the CPU is allowed to write freely to protected registers. After
modifying registers, they can once again be protected by executing the EDI instruction to clear the EALLOW bit.

The following registers are EALLOW-protected:

» Device Emulation Registers (Table 1-96)
» Flash Registers (Table 1-97)

* CSM Registers (Table 1-98)

» System Control Registers (Table 1-99)

*  GPIO MUX Registers (Table 1-100)

» PIE Vector Table (Table 1-101)

Table 1-96. EALLOW-Protected Device Emulation Registers

Name Address Size (x16) Description
DEVICECNF 0x0880 2 Device Configuration Register
0x0881

Table 1-97. EALLOW-Protected Flash/OTP Configuration Registers

Name Address Size (x16) Description
FOPT 0x0A80 1 Flash Option Register
FPWR 0x0A82 1 Flash Power Modes Register
FSTATUS 0x0A83 1 Status Register
FSTDBYWAIT 0x0A84 1 Flash Sleep To Standby Wait State Register
FACTIVEWAIT 0x0A85 1 Flash Standby To Active Wait State Register
FBANKWAIT 0x0A86 1 Flash Read Access Wait State Register
FOTPWAIT 0x0A87 1 OTP Read Access Wait State Register
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Table 1-98. EALLOW-Protected Code Security Module (CSM) Registers

Name Address Size (x16) Description
KEYO 0x0AEQ 1 Low word of the 128-bit KEY register
KEY1 Ox0AE1 1 Second word of the 128-bit KEY register
KEY2 0x0AE2 1 Third word of the 128-bit KEY register
KEY3 Ox0AE3 1 Fourth word of the 128-bit KEY register
KEY4 0x0AE4 1 Fifth word of the 128-bit KEY register
KEY5 0x0AES 1 Sixth word of the 128-bit KEY register
KEY6 0xOAE6 1 Seventh word of the 128-bit KEY register
KEY7 O0xOAE7 1 High word of the 128-bit KEY register
CSMSCR O0xO0AEF 1 CSM status and control register

Table 1-99. EALLOW-Protected PLL, Clocking, Watchdog, and Low-Power Mode Registers
Name Address Size (x16) Description
BORCFG 0x0000-0985 1 BOR Configuration Register
XCLK 0x0000-7010 1 XCLKOUT/XCLKIN Control
PLLSTS 0x0000-7011 1 PLL Status Register
CLKCTL 0x0000-7012 1 Clock Control Register
PLLLOCKPRD 0x0000-7013 1 PLL Lock Period Register
INTOSC1TRIM 0x0000-7014 1 Internal Oscillator 1 Trim Register
INTOSC2TRIM 0x0000-7016 1 Internal Oscillator 2 Trim Register
PCLKCR2 0x0000-7019 1 Peripheral Clock Control Register 2
LOSPCP 0x0000-701B 1 Low-Speed Peripheral Clock Pre-Scaler Register
PCLKCRO 0x0000-701C 1 Peripheral Clock Control Register 0
PCLKCR1 0x0000-701D 1 Peripheral Clock Control Register 1
LPMCRO 0x0000-701E 1 Low Power Mode Control Register 0
PCLKCR3 0x0000-7020 1 Peripheral Clock Control Register 3
PLLCR 0x0000-7021 1 PLL Control Register
SCSR 0x0000-7022 1 System Control and Status Register
WDCNTR 0x0000-7023 1 Watchdog Counter Register
WDKEY 0x0000-7025 1 Watchdog Reset Key Register
WDCR 0x0000-7029 1 Watchdog Control Register
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Table 1-100. EALLOW-Protected GPIO Registers

Name () Address Size (x16) Description

GPACTRL 0x6F80 2 GPIO A Control Register

GPAQSEL1 0x6F82 2 GPIO A Qualifier Select 1 Register

GPAQSEL2 Ox6F84 2 GPIO A Qualifier Select 2 Register

GPAMUX1 0x6F86 2 GPIO A MUX 1 Register

GPAMUX2 0x6F88 2 GPIO A MUX 2 Register

GPADIR 0x6F8A 2 GPIO A Direction Register

GPAPUD 0x6F8C 2 GPIO A Pull Up Disable Register

GPBCTRL 0x6F90 2 GPIO B Control Register

GPBQSEL1 0x6F92 2 GPIO B Qualifier Select 1 Register

GPBMUX1 0x6F96 2 GPIO B MUX 1 Register

GPBMUX2 0x6F98 2 GPIO B MUX 2 Register

GPBDIR 0x6F9A 2 GPIO B Direction Register

GPBPUD 0x6F9C 2 GPIO B Pull Up Disable Register

AIOMUX1 0x6FB6 2 Analog, I/0 MUX 1 register

AIODIR 0x6FBA 2 Analog, 10 Direction Register

GPIOXINT1SEL 0x6FEO 1 XINT1 Source Select Register (GPIO0-GPIO31)
GPIOXINT2SEL Ox6FE1 1 XINT2 Source Select Register (GPIO0-GPIO31)
GPIOXINT3SEL O0x6FE2 1 XINT3 Source Select Register (GPIO0 - GPI031)
GPIOLPMSEL O0x6FES8 1 LPM wakeup Source Select Register (GPIO0-GPIO31)

(1)  The registers in this table are EALLOW protected. See Section 1.5.2 for more information.
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Table 1-101. EALLOW-Protected PIE Vector Table

Name Address Size (x16) Description
Not used 0x0D00 2 Reserved

0x0D02

0x0D04

0x0D06

0x0D08

0xO0DOA

0x0DOC

0x0DOE

0x0D10

0x0D12

0x0D14

0x0D16

0x0D18
INT13 0xOD1A 2 CPU-Timer 1
INT14 0x0D1C 2 CPU-Timer 2
DATALOG 0xOD1E 2 CPU Data Logging Interrupt
RTOSINT 0x0D20 2 CPU Real-Time OS Interrupt
EMUINT 0x0D22 2 CPU Emulation Interrupt
NMI 0x0D24 2 External Non-Maskable Interrupt
ILLEGAL 0x0D26 2 lllegal Operation
USER1 0x0D28 2 User-Defined Trap
USER12 0x0D3E 2 User-Defined Trap
INT1.1 0x0D40 Group 1 Interrupt Vectors
iNT1 .8 OxOb4E 2

Group 2 Interrupt Vectors
to Group 11 Interrupt Vectors

INT12.1 0x0DFO 2 Group 12 Interrupt Vectors
INT12.8 OXODFE 2
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Table 1-102 shows addresses for the following ePWM EALLOW-protected registers:

» Trip Zone Select Register (TZSEL)

» Trip Zone Control Register (TZCTL)

» Trip Zone Enable Interrupt Register (TZEINT)

» Trip Zone Clear Register (TZCLR)

» Trip Zone Force Register (TZFRC)

*+ HRPWM Configuration Register (HRCNFG)

Table 1-102. EALLOW-Protected ePWM1-ePWM7 Registers

ePWMn TZSEL TZCTL TZEINT TZCLR TZFRC HRCNFG Size x16
ePWM1 0x6812 0x6814 0x6815 0x6817 0x6818 0x6820 1
ePWM2 0x6852 0x6854 0x6855 0x6857 0x6858 0x6860 1
ePWM3 0x6892 0x6894 0x6895 0x6897 0x6898 0x68A0 1
ePWM4 0x68D2 0x68D4 0x68D5 0x68D7 0x68D8 0x68E0 1
ePWM5 0x6912 0x6914 0x6915 0x6917 0x6918 0x6920 1
ePWM6 0x6952 0x6954 0x6955 0x6957 0x6958 0x6960 1
ePWM7 0x6992 0x6994 0x6995 0x6997 0x6998 0x69A0 1

146 TMS320F2803x Microcontrollers SPRUI10A — DECEMBER 2018 — REVISED JUNE 2022

Submit Document Feedback
Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUI10
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUI10A&partnum=F2803X

13 TEXAS
INSTRUMENTS

www.ti.com

System Control and Interrupts

1.5.3 Device Emulation Registers

The registers are listed in Table 1-103 are used to control the protection mode of the C28x CPU and to monitor

some critical device signals.

Table 1-103. Device Emulation Registers

Name Address Size (x16) Description Bit Description

DEVICECNF 0x0880 2 Device Configuration Register Section 1.5.3.1
0x0881

PARTID 0x3D7E80 1 Part ID Register Section 1.5.3.2

CLASSID 0x0882 1 Class ID Register Section 1.5.3.3

REVID 0x0883 1 Revision ID Register Section 1.5.3.4

1.5.3.1 Device Configuration (DEVICECNF) Register

Figure 1-81. Device Configuration (DEVICECNF) Register

31 27 20 19 18
Reserved ‘ TRST ‘ Reserved ‘ ENPROT‘ Reserved
R-0 R-0 R-0 R/W-1 R-111
15 6 5 4 3 2
Reserved ‘ XRS ‘ Rsvd ‘ VMAPS ‘ Reserved
R-0 R-P R-0 R-1 R-011
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 1-104. DEVICECNF Register Field Descriptions
Bits Field Value |Description
31-28 |Reserved Reserved
27 TRST Read status of TRST signal. Reading this bit gives the current status of the TRST signal.
0 No JTAG debug probe is connected.
JTAG debug probe is connected.
26:20 |Reserved
19 ENPROT Enable Write-Read Protection Mode Bit.
0 Disables write-read protection mode
Enables write-read protection for the address range 0x4000-0x7FFF
18-6 Reserved Reserved
XRS Reset Input Signal Status. This is connected directly to the XRS input pin.
Reserved Reserved
VMAPS VMAP Configure Status. This indicates the status of VMAP.
2-0 Reserved Reserved
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1.5.3.2 Part ID (PARTID) Register
Figure 1-82. Part ID (PARTID) Register
15 8 7 0
PARTTYPE ‘ PARTNO
R R
LEGEND: R = Read only; -n = value after reset
Table 1-105. Part ID (PARTID) Register Field Descriptions
Bit Field Value (1) Description
15-8 |PARTTYPE These 8 bits specify the type of device such as Flash-based.
0x00 Flash-based device
All other values are reserved.
7-0 PARTNO These 8 bits specify the feature set of the device as follows:
All other values are reserved.
0xA9 TMS320F28030RSH
OxAA TMS320F28030PAG
0xAB TMS320F28030PN
0xAD TMS320F28031RSH
OxAE TMS320F28031PAG
OxAF TMS320F28031PN
0xB1 TMS320F28032RSH
0xB2 TMS320F28032PAG
0xB3 TMS320F28032PN
0xB5 TMS320F28033RSH
0xB6 TMS320F28033PAG
0xB7 TMS320F28033PN
0xB9 TMS320F28034RSH
0xBA TMS320F28034PAG
0xBB TMS320F28034PN
0xBD TMS320F28035RSH
0xBE TMS320F28035PAG
0xBF TMS320F28035PN
(1) The reset value depends on the device as indicated in the register description.
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1.5.3.3 Class ID (CLASSID) Register

Figure 1-83. Class ID (CLASSID) Register
15 0

CLASSID

R

LEGEND: R = Read only; -n = value after reset

Table 1-106. Class ID (CLASSID) Register Field Descriptions

Bit Field Value (1) Description
15-0 |CLASSID These 16 bits specify the feature set of the device as follows:
All other values are reserved.
0x00AB TMS320F28030
0x00AF TMS320F28031
0x00B3 TMS320F28032
0x00B7 TMS320F28033
0x00BB TMS320F28034
0x00BF TMS320F28035

(1) The reset value depends on the device as indicated in the register description.

1.5.3.4 Revision ID (REVID) Register
Figure 1-84. Revision ID (REVID) Register

REVID

LEGEND: R = Read only; -n = value after reset

Table 1-107. Revision ID (REVID) Register Field Descriptions
Bits Field Value (1) Description

15-0 |REVID These 16 bits specify the silicon revision number for the particular part. This number
always starts with 0x0000 on the first revision of the silicon and is incremented on any
subsequent revisions.

0x0000 Silicon Revision 0 - This silicon revision is available as TMX and TMS.
0x0001 Silicon Revision A - TMS

(1)  The reset value depends on the silicon revision as described in the register field description.
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1.5.4 Write-Followed-by-Read Protection

The memory address range for which CPU write followed by read operations are protected is 0x4000 - Ox7FFF
(operations occur in sequence rather than in their natural pipeline order). This is necessary protection for certain

peripheral operations.

Example: The following lines of code perform a write to register 1 (REG1) location and the next instruction
performs a read from Register 2 (REG2) location. On the processor memory bus, with block protection disabled,
the read operation is issued before the write as shown.

MOV
TBIT

QREG1,AL
@REG2, #BIT X

If block protection is enabled,

then the read is stalled until the write occurs as shown:

MOV @REG1,AL  ————————— +
TBIT @REG2, #BIT X = ——=——=——- [[——— +
t--——= [-==> Write
+---> Read
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1.6 Peripheral Interrupt Expansion (PIE)

The peripheral interrupt expansion (PIE) block multiplexes numerous interrupt sources into a smaller set of
interrupt inputs. The PIE block can support 96 individual interrupts that are grouped into blocks of eight. Each
group is fed into one of 12 core interrupt lines (INT1 to INT12). Each of the 96 interrupts is supported by

its own vector stored in a dedicated RAM block that you can modify. The CPU, upon servicing the interrupt,
automatically fetches the appropriate interrupt vector. It takes nine CPU clock cycles to fetch the vector and save
critical CPU registers. Therefore, the CPU can respond quickly to interrupt events. Prioritization of interrupts is
controlled in hardware and software. Each individual interrupt can be enabled/disabled within the PIE block.

1.6.1 Overview of the PIE Controller

The 28x CPU supports one nonmaskable interrupt (NMI) and 16 maskable prioritized interrupt requests (INT1-
INT14, RTOSINT, and DLOGINT) at the CPU level. The 28x devices have many peripherals and each peripheral
is capable of generating one or more interrupts in response to many events at the peripheral level. Because the
CPU does not have sufficient capacity to handle all peripheral interrupt requests at the CPU level, a centralized
peripheral interrupt expansion (PIE) controller is required to arbitrate the interrupt requests from various sources
such as peripherals and other external pins.

The PIE vector table is used to store the address (vector) of each interrupt service routine (ISR) within the
system. There is one vector per interrupt source including all MUXed and nonMUXed interrupts. You populate
the vector table during device initialization and you can update it during operation.

1.6.1.1 Interrupt Operation Sequence

Figure 1-85 shows an overview of the interrupt operation sequence for all multiplexed PIE interrupts. Interrupt
sources that are not multiplexed are fed directly to the CPU.

IFR(12:1) IER(12:1) INTM
-
INT1 L 5 > o o >
INT2 | L o > o o >
° ° ° ° ° 1
— < * e e e ® | mux o o CPU
° ° ° ° ° (]
INTHL | sl o >
INT12 | [ . > - o > Global
§ (Flag) (Enable) Enable
< o < o <« INTx.1
< — o < — . <« INTX2
+*O/CH+*O/07¢ From
< o < o o <« INTx4 Peripherals or
C < o o < o o <« INTx5 External
< o o < o o <« INTx.6 Interrupts
< o o < o o < INTx.7
PIEACKx < ol < o <« INTx8
(Enable) (Flag)
E le/Fl
(Enable/Flag) PIEIERX(8:1) PIEIFRx(8:1)

Figure 1-85. Overview: Multiplexing of Interrupts Using the PIE Block
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Peripheral Level

An interrupt-generating event occurs in a peripheral. The interrupt flag (IF) bit corresponding to that event is
set in a register for that particular peripheral.

If the corresponding interrupt enable (IE) bit is set, the peripheral generates an interrupt request to the PIE
controller. If the interrupt is not enabled at the peripheral level, the IF remains set until cleared by software. If
the interrupt is enabled at a later time, and the interrupt flag is still set, the interrupt request is asserted to the
PIE.

Interrupt flags within the peripheral registers must be manually cleared. See the peripheral reference guide
for a specific peripheral for more information.
PIE Level

The PIE block multiplexes eight peripheral and external pin interrupts into one CPU interrupt. These
interrupts are divided into 12 groups: PIE group 1 - PIE group 12. The interrupts within a group are
multiplexed into one CPU interrupt. For example, PIE group 1 is multiplexed into CPU interrupt 1 (INT1)

while PIE group 12 is multiplexed into CPU interrupt 12 (INT12). Interrupt sources connected to the remaining
CPU interrupts are not multiplexed. For the nonmultiplexed interrupts, the PIE passes the request directly to
the CPU.

For multiplexed interrupt sources, each interrupt group in the PIE block has an associated flag register
(PIEIFRx) and enable (PIEIERX) register (x = PIE group 1 - PIE group 12). Each bit, referred to as y,
corresponds to one of the 8 MUXed interrupts within the group. Thus PIEIFRx.y and PIEIERx.y correspond
to interrupt y (y = 1-8) in PIE group x (x = 1-12). In addition, there is one acknowledge bit (PIEACK) for
every PIE interrupt group referred to as PIEACKX (x = 1-12). Figure 1-86 illustrates the behavior of the PIE
hardware under various PIEIFR and PIEIER register conditions.

Once the request is made to the PIE controller, the corresponding PIE interrupt flag (PIEIFRX.y) bit is set. If
the PIE interrupt enable (PIEIERX.y) bit is also set for the given interrupt, the PIE checks the corresponding
PIEACKX bit to determine if the CPU is ready for an interrupt from that group. If the PIEACKX bit is clear for
that group, the PIE sends the interrupt request to the CPU. If PIEACKX is set, the PIE waits until it is cleared
to send the request for INTx. See Figure 1-89 for details.

CPU Level

Once the request is sent to the CPU, the CPU level interrupt flag (IFR) bit corresponding to INTx is set. After
a flag has been latched in the IFR, the corresponding interrupt is not serviced until it is appropriately enabled
in the CPU interrupt enable (IER) register or the debug interrupt enable register (DBGIER) and the global
interrupt mask (INTM) bit.
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Wait for any Stage A No
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? IERX bit=1
?
Wait for Stage B No
— Stage G
= PIEIERx.y=1
PIEIERx.y=1 ’)X Yy INTM bit=0
' ?
Stage H
Wait for Stage C CPU responds
SIW to clear PIEACKX=0 IFRx=0, IERx=0
PIEACKX bit=0 5 INTM=1, EALLOW=0
’ Context Save performed
Stage |
Vector fetched from the PIE
Hardware sets PIEIFRx.y is cleared
PIEACKx=1 CPU branches to ISR
Stage J
Interrupts Stage D Interrupt service routine responds
to CPU Interrupt request Write 1 to PIEACKX bit to clear
sent to 28x CPU to enable other interrupts in
on INTx PIEIFRx group
Re-enable interrupts, INTM=0
Return
End

PIE interrupt control CPU interrupt control

A. For multiplexed interrupts, the PIE responds with the highest priority interrupt that is both flagged and enabled. If there is no interrupt
both flagged and enabled, then the highest priority interrupt within the group (INTx.1 where x is the PIE group) is used. See Section
1.6.3.3 for details.

Figure 1-86. Typical PIE/CPU Interrupt Response - INTx.y

As shown in Table 1-108, the requirements for enabling the maskable interrupt at the CPU level depends on the
interrupt handling process being used. In the standard process, which happens most of the time, the DBGIER
register is not used. When the 28x is in real-time emulation mode and the CPU is halted, a different process is
used. In this special case, the DBGIER is used and the INTM bit is ignored. If the device is in real-time mode and
the CPU is running, the standard interrupt-handling process applies.

Table 1-108. Enabling Interrupt

Interrupt Enabled If...
Standard INTM = 0 and bit in IER is 1
Device in real-time mode and halted Bitin IER is 1 and DBGIER is 1

Interrupt Handling Process
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The CPU then prepares to service the interrupt. This preparation process is described in the TMS320C28x DSP
CPU and Instruction Set Reference Guide. In preparation, the corresponding CPU IFR and IER bits are cleared,
EALLOW and LOOP are cleared, INTM and DBGM are set, the pipeline is flushed and the return address is
stored, and the automatic context save is performed. The vector of the ISR is then fetched from the PIE module.
If the interrupt request comes from a multiplexed interrupt, the PIE module uses the group PIEIERx and PIEIFRx
registers to decode which interrupt needs to be serviced. This decode process is described in Section 1.6.3.3.

The address for the interrupt service routine that is executed is fetched directly from the PIE interrupt vector
table. There is one 32-bit vector for each of the possible 96 interrupts within the PIE. Interrupt flags within the
PIE module (PIEIFRx.y) are automatically cleared when the interrupt vector is fetched. The PIE acknowledge bit
for a given interrupt group, however, must be cleared manually when ready to receive more interrupts from the
PIE group.

1.6.2 Vector Table Mapping

On 28xx devices, the interrupt vector table can be mapped to four distinct locations in memory. In practice only
the PIE vector table mapping is used.

This vector mapping is controlled by the following mode bits/signals:

VMAP: VMAP is found in Status Register 1 ST1 (bit 3). A device reset sets this bit to 1. The state of this bit can be
modified by writing to ST1 or by SETC/CLRC VMAP instructions. For normal operation leave this bit set.
MOM1MAP: MOM1MAP is found in Status Register 1 ST1 (bit 11). A device reset sets this bit to 1. The state of this bit can

be modified by writing to ST1 or by SETC/CLRC MOM1MARP instructions. For normal 28xx device operation, this
bit should remain set. MOM1MAP = 0O is reserved for Tl testing only.

ENPIE: ENPIE is found in PIECTRL Register (bit 0). The default value of this bit, on reset, is set to 0 (PIE disabled). The
state of this bit can be modified after reset by writing to the PIECTRL register (address 0x0000 OCEO).

Using these bits and signals the possible vector table mappings are shown in Table 1-109.

Table 1-109. Interrupt Vector Table Mapping

Vector MAPS Vectors Fetched From Address Range VMAP () MOM1MAP ()  ENPIE ()
M1 Vector(2) M1 SARAM Block 0x000000 - 0x00003F 0 0 X
MO Vector(2) MO SARAM Block 0x000000 - 0x00003F 0 1 X
BROM Vector Boot ROM Block 0x3FFFCO - Ox3FFFFF 1 X 0

PIE Vector PIE Block 0x000D00 - OxO00ODFF 1 X 1

(1)  On the 280x devices, the VMAP and MOM1MAP modes are set to 1 on reset. The ENPIE mode is forced to 0 on reset.
(2) Vector map MO and M1 Vector is a reserved mode only. On the 28x devices these are used as SARAM.

The M1 and MO vector table mapping are reserved for Tl testing only. When using other vector mappings, the
MO and M1 memory blocks are treated as SARAM blocks and can be used freely without any restrictions.
After a device reset operation, the vector table is mapped as shown in Table 1-110.

Table 1-110. Vector Table Mapping After Reset Operation
Vector MAPS Reset Fetched From Address Range VMAP (1) MOM1MAP () ENPIE (1)

BROM Vector @) Boot ROM Block 0x3FFFCO - Ox3FFFFF 1 1 0

(1)  On the 28x devices, the VMAP and MOM1MAP modes are set to 1 on reset. The ENPIE mode is forced to 0 on reset.
(2) The reset vector is always fetched from the boot ROM.

After the reset and boot is complete, the PIE vector table should be initialized by the user's code. Then the
application enables the PIE vector table. From that point on the interrupt vectors are fetched from the PIE vector
table. Note: when a reset occurs, the reset vector is always fetched from the vector table as shown in Table
1-110. After a reset the PIE vector table is always disabled.

Figure 1-87 illustrates the process by which the vector table mapping is selected.
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Reset
(pow_er—on reset or warm reset)
\P/:\i&jgsaﬁled (ENPIE=0) User code initializes:
OBJMODE =0 OBJMODE and AMODE state1
AMODE =0 CPU IER register and INTM
MOM1MAP = 1 VMAP state
v Yes
Reset vector fetched from Vectors
boot ROM No | (except for reset)
Usin are fetched
) eri hgral No from MO vector
Branch into bootloader perip
: ) interrupts mapt
routines, depending on the ?
state of GPIO pins
Vectors
User code initializes: (except for reset) are
OBJMODE and AMODE statet fetChedtfrOm BE‘OM
PIE enable (ENPIE = 1) vector map
PIE vector table
PIEIERX registers
CPU IER register and INTM
Vectors (except for reset)
are fetched from PIE vector map#

A. The compatibility operating mode of the 28x CPU is determined by a combination of the OBJMODE and AMODE bits in Status Register

1(ST1):
Operating Mode OBJMODE AMODE
C28x Mode 1 0
24x/240xA Source-Compatible 1 1
C27x Object-Compatible 0 0 (Default at reset)

B. The reset vector is always fetched from the boot ROM.

Figure 1-87. Reset Flow Diagram
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1.6.3 Interrupt Sources

Figure 1-88 shows how the various interrupt sources are multiplexed within the devices. This multiplexing (MUX)
scheme may not be exactly the same on all 28x devices. See the data manual of your particular device for

details.

Peripherals
] For example: ePWM, eCAN, eCAP, eQEP, ADC, 12C,
N SPI, SCI, and other peripherals
WAKEINT IS — JVDINT Watchdog
yT EPMINT Low Power Modes
SYSCLKOUT P
XINT1 X| e
< Interrupt Control XINTH g :
XINT1CR(15:0) —
XINT1CTR(15:0
g 09 JrioxinTiseL@o)
INTA § ADC XINT2SOC
to 21E] xiNT2 r «
o
INT12 N7 |8 [ Interrupt Control XINT2 é H
o [ )
s XINT2CR(15:0) o
c28 2 XINT2CTR(15:0)
Core —J[GPIOXINT2SEL (4:0)
GPIO0.int
XINT3
Interrupt Control XINT3 é : CI\;IIFl‘JI)(()
[ )
XINT3CR(15:0) SPIO3 int
XINT3CTR(15:0)
|GPIOXINT3SEL (4:0)|
TINT
< 0 CPU TIMER O
INT13 TINT1 CPU TIMER 1
INT14 TINT2 CPUTIMER 2 ¢
CLOCKFAIL
NMI NMI interrupt with watchdog function 2yste|:n Control
“|  (See the NMI watchd tion NMIRS (See tha system
(See the atchdog section) control section)

Figure 1-88. PIE Interrupt Sources and External Interrupts XINT1/XINT2/XINT3
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1.6.3.1 Procedure for Handling Multiplexed Interrupts

The PIE module multiplexes eight peripheral and external pin interrupts into one CPU interrupt. These interrupts
are divided into 12 groups: PIE group 1 - PIE group 12. Each group has an associated enable PIEIER and flag
PIEIFR register. These registers are used to control the flow of interrupts to the CPU. The PIE module also uses
the PIEIER and PIEIFR registers to decode to which interrupt service routine the CPU should branch.

There are three main rules that should be followed when clearing bits within the PIEIFR and the PIEIER
registers:

Rule 1: Never clear a PIEIFR bit by software

An incoming interrupt may be lost while a write or a read-modify-write operation to the PIEIFR register takes
place. To clear a PIEIFR bit, the pending interrupt must be serviced. If you want to clear the PIEIFR bit without
executing the normal service routine, use the following procedure:

1. Set the EALLOW bit to allow modification to the PIE vector table.

2. Modify the PIE vector table so that the vector for the peripheral's service routine points to a temporary ISR.
This temporary ISR will only perform a return from interrupt (IRET) operation.

Enable the interrupt so that the interrupt will be serviced by the temporary ISR.

After the temporary interrupt routine is serviced, the PIEIFR bit will be clear

Modify the PIE vector table to re-map the peripheral's service routine to the proper service routine.

Clear the EALLOW bit.

ook w

Rule 2: Procedure for software-prioritizing interrupts
Use the method found in the C2000Ware example for software prioritization of interrupts. SPRC530).

1. Use the CPU IER register as a global priority and the individual PIEIER registers for group priorities. In this
case the PIEIER register is only modified within an interrupt. In addition, only the PIEIER for the same group
as the interrupt being serviced is modified. This modification is done while the PIEACK bit holds additional
interrupts back from the CPU.

2. Never disable a PIEIER bit for a group when servicing an interrupt from an unrelated group.

Rule 3: Disabling interrupts using PIEIER

If the PIEIER registers are used to enable and then later disable an interrupt, the procedure described in Section
1.6.3.2 must be followed.
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1.6.3.2 Procedures for Enabling And Disabling Multiplexed Peripheral Interrupts

The proper procedure for enabling or disabling an interrupt is by using the peripheral interrupt enable/disable
flags. The primary purpose of the PIEIER and CPU IER registers is for software prioritization of interrupts within
the same PIE interrupt group. Use the method found in the C2000Ware example for software prioritization of
interrupts.SPRC530).

Should bits within the PIEIER registers need to be cleared outside of this context, one of the following two
procedures should be followed. The first method preserves the associated PIE flag register so that interrupts are
not lost. The second method clears the associated PIE flag register.

Method 1: Use the PIEIERX register to disable the interrupt and preserve the associated PIEIFRXx flags.

To clear bits within a PIEIERX register while preserving the associated flags in the PIEIFRXx register, the following
procedure should be followed:

1. Disable global interrupts (INTM = 1).

2. Clear the PIEIERX.y bit to disable the interrupt for a given peripheral. This can be done for one or more
peripherals within the same group.

3. Wait 5 cycles. This delay is required to be sure that any interrupt that was incoming to the CPU has been
flagged within the CPU IFR register.

4. Clear the CPU IFRXx bit for the peripheral group. This is a safe operation on the CPU IFR register.

5. Clear the PIEACKX bit for the peripheral group.

6. Enable global interrupts (INTM = 0).

Method 2: Use the PIEIERX register to disable the interrupt and clear the associated PIEIFRx flags.

To perform a software reset of a peripheral interrupt and clear the associated flag in the PIEIFRx register and
CPU IFR register, the following procedure should be followed:

1. Disable global interrupts (INTM = 1).

2. Setthe EALLOW bit.

3. Modify the PIE vector table to temporarily map the vector of the specific peripheral interrupt to a empty
interrupt service routine (ISR). This empty ISR will only perform a return from interrupt (IRET) instruction.
This is the safe way to clear a single PIEIFRx.y bit without losing any interrupts from other peripherals within
the group.

4. Disable the peripheral interrupt at the peripheral register.

5. Enable global interrupts (INTM = 0).

6. Wait for any pending interrupt from the peripheral to be serviced by the empty ISR routine.

7. Disable global interrupts (INTM = 1).

8. Modify the PIE vector table to map the peripheral vector back to its original ISR.

9. Clear the EALLOW bit.

10. Disable the PIEIER bit for given peripheral.

11. Clear the IFR bit for given peripheral group (this is safe operation on CPU IFR register).

12. Clear the PIEACK bit for the PIE group.

13. Enable global interrupts.
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1.6.3.3 Flow of a Multiplexed Interrupt Request from a Peripheral to the CPU

Figure 1-89 shows the flow with the steps shown in circled numbers. Following the diagram, the steps are

described.

2)  PE
interrupt
@ _ PIE enable
|nt]5|e;rgupt Highest
Peripheral PIEIERX.1
T T PIE group
0 acknowledge
o [ oo ® © O
I Lo PIEACKX ® INTM
Vector ol ‘
3 \ }l oulse 1=valid Int } 0 } 1
Search order 0 ' '
\ highest to o o2 gen IFtRﬁ ! o
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) CPU CPU
8 interrupts \ interrupt
per group il i logic
\ Lowest )
Peripheral | ' °
eriphera
IENF \ PIEIERX.8 Vector is fetched
T T only after CPU
+ interrupt logic
0 has recognized
s o PEEIFRx8 | 71 | the interrupt
latch \
40/017

Vector

Figure 1-89. Multiplexed Interrupt Request Flow Diagram

1. Any peripheral or external interrupt within the PIE group generates an interrupt. If interrupts are enabled
within the peripheral module then the interrupt request is sent to the PIE module.

2. The PIE module recognizes that interrupt y within PIE group x (INTx.y) has asserted an interrupt and the
appropriate PIE interrupt flag bit is latched: PIEIFRx.y = 1.

3. For the interrupt request to be sent from the PIE to the CPU, both of the following conditions must be true:
a. The proper enable bit must be set (PIEIERx.y = 1) and
b. The PIEACKX bit for the group must be clear.

4. If both conditions in 3a and 3b are true, then an interrupt request is sent to the CPU and the acknowledge
bit is again set (PIEACKx = 1). The PIEACKX bit will remain set until you clear it to indicate that additional
interrupts from the group can be sent from the PIE to the CPU.

5. The CPU interrupt flag bit is set (CPU IFRx = 1) to indicate a pending interrupt x at the CPU level.

6. If the CPU interrupt is enabled (CPU IER bit x = 1, or DBGIER bit x = 1) AND the global interrupt mask is
clear (INTM = 0), then the CPU will service the INTx.

7. The CPU recognizes the interrupt and performs the automatic context save, clears the IER bit, sets INTM,
and clears EALLOW. All of the steps that the CPU takes in order to prepare to service the interrupt are
described in the TMS320C28x CPU and Instruction Set Reference Guide.

8. The CPU will then request the appropriate vector from the PIE.

9. For multiplexed interrupts, the PIE module uses the current value in the PIEIERx and PIEIFRX registers to
decode which vector address should be used. There are two possible cases:

a. The vector for the highest priority interrupt within the group that is both enabled in the PIEIERX register,
and flagged as pending in the PIEIFRXx is fetched and used as the branch address. In this manner if an
even higher priority enabled interrupt was flagged after Step 7, it will be serviced first.
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b. If no flagged interrupts within the group are enabled, the PIE will respond with the vector for the
highest priority interrupt within that group. That is the branch address used for INTx.1. This behavior
corresponds to the 28x TRAP or INT instructions.

Note
Because the PIEIERX register is used to determine which vector will be used for the branch,
you must take care when clearing bits within the PIEIERX register. The proper procedure for
clearing bits within a PIEIERX register is described in Section 1.6.3.2. Failure to follow these
steps can result in changes occurring to the PIEIERX register after an interrupt has been
passed to the CPU at Step 5 in Figure 1-89. In this case, the PIE will respond as if a TRAP or
INT instruction was executed unless there are other interrupts both pending and enabled.

At this point, the PIEIFRx.y bit is cleared and the CPU branches to the vector of the interrupt
fetched from the PIE.

1.6.3.4 PIE Vector Table

The PIE vector table (see Table 1-112) consists of a 256 x 16 SARAM block that can also be used as RAM (in
data space only) if the PIE block is not in use. The PIE vector table contents are undefined on reset. The CPU
fixes interrupt priority for INT1 to INT12. The PIE controls priority for each group of eight interrupts. For example
if INT1.1 should occur simultaneously with INT1.8, both interrupts are presented to the CPU simultaneously

by the PIE block, and the CPU services INT1.1 first. If INT1.1 should occur simultaneously with INT1.8, then
INT1.1 is sent to the CPU first and then INT1.8 follows. Interrupt prioritization is performed during the vector
fetch portion of the interrupt processing.

When the PIE is enabled, a TRAP #1 through TRAP #12 or an INTR INT1 to INTR INT12 instruction transfers
program control to the interrupt service routine corresponding to the first vector within the PIE group. For
example: TRAP #1 fetches the vector from INT1.1, TRAP #2 fetches the vector from INT2.1 and so forth.
Similarly an OR IFR, #16-bit operation causes the vector to be fetched from INTR1.1 to INTR12.1 locations, if
the respective interrupt flag is set. All other TRAP, INTR, OR IFR,#16-bit operations fetch the vector from the
respective table location. The vector table is EALLOW protected.

Out of the 96 possible MUXed interrupts in Table 1-111, 43 interrupts are currently used. The remaining
interrupts are reserved for future devices. These reserved interrupts can be used as software interrupts if they
are enabled at the PIEIFRXx level, provided none of the interrupts within the group is being used by a peripheral.
Otherwise, interrupts coming from peripherals may be lost by accidentally clearing their flags when modifying the
PIEIFR.

To summarize, there are two safe cases when the reserved interrupts can be used as software interrupts:

1. No peripheral within the group is asserting interrupts.
2. No peripheral interrupts are assigned to the group. For example, PIE group 11 and 12 do not have any
peripherals attached to them.

The interrupt grouping for peripherals and external interrupts connected to the PIE module is shown in Table
1-111. Each row in the table shows the 8 interrupts multiplexed into a particular CPU interrupt. The entire PIE
vector table, including both MUXed and non-MUXed interrupts, is shown in Table 1-112.
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Table 1-111. PIE MUXed Peripheral Interrupt Vector Table
INTx.8 INTx.7 INTx.6 INTx.5 INTx.4 INTx.3 INTx.2 INTx.1
INT1.y WAKEINT TINTO ADCINT9 XINT2 XINT1 Reserved ADCINT2 ADCINT1
(LPM/WD) (TIMER 0) (ADC) Ext. int. 2 Ext. int. 1 - (ADC) (ADC)
0xD4E 0xD4C 0xD4A 0xD48 0xD46 0xD44 0xD42 0xD40
INT2.y Reserved EPWM7_TZINT EPWM6_TZINT EPWMS5_TZINT EPWM4_TZINT EPWMS3_TZINT EPWM2_TZINT EPWM1_TZINT
- (ePWM7) (ePWMS6) (ePWM5) (ePWM4) (ePWM3) (ePWM2) (ePWM1)
0xD5E 0xD5C 0xD5A 0xD58 0xD56 0xD54 0xD52 0xD50
INT3.y Reserved EPWM7_INT EPWM6_ INT EPWMS5_INT EPWM4_INT EPWMB3_INT EPWM2_INT EPWM1_INT
- (EPWM7) (ePWM®6) (ePWM5) (ePWM4) (ePWM3) (ePWM2) (ePWM1)
0xD6E 0xD6C 0xD6A 0xD68 0xD66 0xD64 0xD62 0xD60
INT4.y HRCAP2_INT  HRCAP1_INT Reserved Reserved Reserved Reserved Reserved ECAP1_INT
(HRCAP2) (HRCAP1) - - - - - (eCAP1)
0xD7E 0xD7C 0xD7A 0xD78 0xD76 0xD74 0xD72 0xD70
INTS.y Reserved Reserved Reserved Reserved Reserved Reserved Reserved EQEP1_INT
- - - - - - - (eQEP1)
0xD8E 0xD8C 0xD8A 0xD88 0xD86 0xD84 0xD82 0xD80
INT6.y Reserved Reserved Reserved Reserved SPITXINTB SPIRXINTB SPITXINTA SPIRXINTA
- - - - (SPI-B) (SPI-B) (SPI-A) (SPI-A)
0xD9E 0xD9C 0xD9A 0xD98 0xD96 0xD94 0xD92 0xD90
INT7.y Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
OxDAE 0xDAC OxDAA 0xDA8 0xDA6 0xDA4 0xDA2 0xDAO
INT8.y Reserved Reserved Reserved Reserved Reserved Reserved 12CINT2A I2CINT1A
- - - - - - (12C-A) (12C-A)
0xDBE 0xDBC 0xDBA 0xDB8 0xDB6 0xDB4 0xDB2 0xDBO
INT9.y Reserved Reserved ECANA_INT1 ECANA_INTO LINA_INT1 LINA_INTO SCITXINTA SCIRXINTA
- - (CAN-A) (CAN-A) (LIN-A) (LIN-A) (SCI-A) (SCI-A)
0xDCE 0xDCC 0xDCA 0xDC8 0xDC6 0xDC4 0xDC2 0xDCO
INT10.y ADCINT8 ADCINT7 ADCINT6 ADCINT5 ADCINT4 ADCINT3 ADCINT2 ADCINT1
(ADC) (ADC) (ADC) (ADC) (ADC) (ADC) (ADC) (ADC)
0xDDE 0xDDC 0xDDA 0xDD8 0xDD6 0xDD4 0xDD2 0xDDO0
INT11.y CLA1_INT8 CLA1_INT7 CLA1_INT6 CLA1_INT5 CLA1_INT4 CLA1_INT3 CLA1_INT2 CLA1_INT1
(CLA) (CLA) (CLA) (CLA) (CLA) (CLA) (CLA) (CLA)
OxDEE 0xDEC OxDEA O0xDE8 0xDE6 OxDE4 0xDE2 0xDEO
INT12.y LUF LVF Reserved Reserved Reserved Reserved Reserved XINT3
(CLA) (CLA) - - - - - Ext. Int. 3
OxDFE 0xDFC 0xDFA 0xDF8 0xDF6 0xDF4 0xDF2 0xDFO
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Table 1-112. PIE Vector Table

CPU PIE Group
Name VECTOR ID Address () Size (x16) Description @ Priority Priority
Reset 0x0000 0DO0O 2 Reset is always fetched from location 1 -

0x003F FFCO in Boot ROM. (highest)
INT1 1 0x0000 0D02 2 Not used. See PIE Group 1 5 -
INT2 2 0x0000 0D04 2 Not used. See PIE Group 2 6 -
INT3 3 0x0000 0D06 2 Not used. See PIE Group 3 7 -
INT4 4 0x0000 0D08 2 Not used. See PIE Group 4 8 -
INT5 5 0x0000 ODOA 2 Not used. See PIE Group 5 9 -
INT6 6 0x0000 0DOC 2 Not used. See PIE Group 6 10 -
INT7 7 0x0000 ODOE 2 Not used. See PIE Group 7 11 -
INT8 8 0x0000 0D10 2 Not used. See PIE Group 8 12 -
INT9 9 0x0000 0D12 2 Not used. See PIE Group 9 13 -
INT10 10 0x0000 0D 14 2 Not used. See PIE Group 10 14 -
INT11 1 0x0000 0D16 2 Not used. See PIE Group 11 15 -
INT12 12 0x0000 0D18 2 Not used. See PIE Group 12 16 -
INT13 13 0x0000 OD1A 2 CPU-Timer1 17 -
INT14 14 0x0000 0D1C 2 CPU-Timer2 18 -
DATALOG 15 0x0000 OD1E 2 CPU Data Logging Interrupt 19 (lowest) -
RTOSINT 16 0x0000 0D20 2 CPU Real-Time OS Interrupt 4 -
EMUINT 17 0x0000 0D22 2 CPU Emulation Interrupt 2 -
NMI 18 0x0000 0D24 2 External Non-Maskable Interrupt 3 -
ILLEGAL 19 0x0000 0D26 2 llegal Operation - -
USERT1 20 0x0000 0D28 2 User-Defined Trap - -
USER2 21 0x0000 OD2A 2 User Defined Trap - -
USER3 22 0x0000 0D2C 2 User Defined Trap - -
USER4 23 0x0000 OD2E 2 User Defined Trap - -
USER5 24 0x0000 0D30 2 User Defined Trap - -
USER6 25 0x0000 0D32 2 User Defined Trap - -
USER7 26 0x0000 0D34 2 User Defined Trap - -
USERS8 27 0x0000 0D36 2 User Defined Trap - -
USER9 28 0x0000 0D38 2 User Defined Trap - -
USER10 29 0x0000 OD3A 2 User Defined Trap - -
USER11 30 0x0000 0D3C 2 User Defined Trap - -
USER12 31 0x0000 OD3E 2 User Defined Trap - -
PIE Group 1 Vectors - MUXed into CPU INT1
INT1.1 32 0x0000 0D40 2 ADCINT1 (ADC) 5 1 (highest)
INT1.2 33 0x0000 0D42 2 ADCINT2 (ADC) 5 2
INT1.3 34 0x0000 0D44 2 Reserved - 5 3
INT1.4 35 0x0000 0D46 2 XINTA1 5 4
INT1.5 36 0x0000 0D48 2 XINT2 5 5
INT1.6 37 0x0000 OD4A 2 ADCINT9 (ADC) 5 6
INT1.7 38 0x0000 0D4C 2 TINTO (CPU- 5 7
Timer0)

INT1.8 39 0x0000 OD4E 2 WAKEINT (LPM/WD) 5 8 (lowest)
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Table 1-112. PIE Vector Table (continued)

CPU PIE Group
Name VECTOR ID Address () Size (x16) Description @ Priority Priority
PIE Group 2 Vectors - MUXed into CPU INT2
INT2.1 40 0x0000 0D50 2 EPWM1_TZINT (EPWM1) 6 1 (highest)
INT2.2 41 0x0000 0D52 2 EPWM2_TZINT (EPWM2) 6 2
INT2.3 42 0x0000 0D54 2 EPWM3_TZINT (EPWM3) 6 3
INT2.4 43 0x0000 0D56 2 EPWM4_TZINT (EPWM4) 6 4
INT2.5 44 0x0000 0D58 2 EPWM5_TZINT (EPWM5) 6 5
INT2.6 45 0x0000 OD5A 2 EPWM6_TZINT (EPWM®6) 6 6
INT2.7 46 0x0000 0D5C 2 EPWM7_TZINT (EPWM7) 6 7
INT2.8 47 0x0000 OD5E 2 Reserved - 6 8 (lowest)
PIE Group 3 Vectors - MUXed into CPU INT3
INT3.1 48 0x0000 0D60 2 EPWM1_INT (EPWM1) 7 1 (highest)
INT3.2 49 0x0000 0D62 2 EPWM2_INT (EPWM2) 7 2
INT3.3 50 0x0000 0D64 2 EPWM3_INT (EPWM3) 7 3
INT3.4 51 0x0000 0D66 2 EPWM4_INT (EPWM4) 7 4
INT3.5 52 0x0000 0D68 2 EPWMS5_INT (EPWM5) 7 5
INT3.6 53 0x0000 OD6A 2 EPWM6_INT (EPWM®6) 7 6
INT3.7 54 0x0000 0D6C 2 EPWM7_INT (EPWM7) 7 7
INT3.8 55 0x0000 OD6E 2 Reserved - 7 8 (lowest)
PIE Group 4 Vectors - MUXed into CPU INT4
INT4.1 56 0x0000 0D70 2 ECAP1_INT (ECAP1) 8 1 (highest)
INT4.2 57 0x0000 0D72 2 Reserved - 8 2
INT4.3 58 0x0000 0D74 2 Reserved - 8 3
INT4.4 59 0x0000 0D76 2 Reserved - 8 4
INT4.5 60 0x0000 0D78 2 Reserved - 8 5
INT4.6 61 0x0000 OD7A 2 Reserved - 8 6
INT4.7 62 0x0000 0D7C 2 HRCAP1_INT - 8 7
INT4.8 63 0x0000 OD7E 2 HRCAP2_INT - 8 8 (lowest)
PIE Group 5 Vectors - MUXed into CPU INT5
INT5.1 64 0x0000 0D80 2 EQEP1_INT (EQEP1) 9 1 (highest)
INT5.2 65 0x0000 0D82 2 Reserved (EQEP2) 9 2
INT5.3 66 0x0000 0D84 2 Reserved - 9 3
INT5.4 67 0x0000 0D86 2 Reserved - 9 4
INT5.5 68 0x0000 0D88 2 Reserved - 9 5
INT5.6 69 0x0000 OD8A 2 Reserved - 9 6
INT5.7 70 0x0000 0D8C 2 Reserved - 9 7
INT5.8 71 0x0000 OD8E 2 Reserved - 9 8 (lowest)
PIE Group 6 Vectors - MUXed into CPU INT6
INT6.1 72 0x0000 0D90 2 SPIRXINTA (SPI-A) 10 1 (highest)
INT6.2 73 0x0000 0D92 2 SPITXINTA (SPI-A) 10 2
INT6.3 74 0x0000 0D94 2 SPIRXINTB (SPI-B) 10 3
INT6.4 75 0x0000 0D96 2 SPITXINTB (SPI-B) 10 4
INT6.5 76 0x0000 0D98 2 Reserved - 10 5
INT6.6 77 0x0000 OD9A 2 Reserved - 10 6
INT6.7 78 0x0000 0D9C 2 Reserved - 10 7
INT6.8 79 0x0000 OD9E 2 Reserved - 10 8 (lowest)
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Table 1-112. PIE Vector Table (continued)

CPU PIE Group
Name VECTOR ID Address () Size (x16) Description @ Priority Priority
PIE Group 7 Vectors - MUXed into CPU INT7
INT7.1 80 0x0000 ODAO 2 Reserved - 11 1 (highest)
INT7.2 81 0x0000 ODA2 2 Reserved - 1 2
INT7.3 82 0x0000 ODA4 2 Reserved - 1 3
INT7.4 83 0x0000 ODA6 2 Reserved - 1 4
INT7.5 84 0x0000 ODA8 2 Reserved - 11 5
INT7.6 85 0x0000 ODAA 2 Reserved - 1 6
INT7.7 86 0x0000 ODAC 2 Reserved - 1 7
INT7.8 87 0x0000 ODAE 2 Reserved - 11 8 (lowest)
PIE Group 8 Vectors - MUXed into CPU INT8
INT8.1 88 0x0000 0DBO 2 12CINT1A (12C-A) 12 1 (highest)
INT8.2 89 0x0000 0DB2 2 I12CINT2A (12C-A) 12 2
INT8.3 90 0x0000 0DB4 2 Reserved - 12 3
INT8.4 91 0x0000 0DB6 2 Reserved - 12 4
INT8.5 92 0x0000 0DB8 2 Reserved - 12 5
INT8.6 93 0x0000 ODBA 2 Reserved - 12 6
INT8.7 94 0x0000 ODBC 2 Reserved - 12 7
INT8.8 95 0x0000 ODBE 2 Reserved - 12 8 (lowest)
PIE Group 9 Vectors - MUXed into CPU INT9
INT9.1 96 0x0000 0DCO 2 SCIRXINTA (SCI-A) 13 1 (highest)
INT9.2 97 0x0000 0DC2 2 SCITXINTA (SCI-A) 13 2
INT9.3 98 0x0000 0DC4 2 LINAINTO (LIN-A) 13 3
INT9.4 99 0x0000 0DC6 2 LINAINT1 (LIN-A) 13 4
INT9.5 100 0x0000 0DC8 2 ECANAINTO (CAN-A) 13 5
INT9.6 101 0x0000 ODCA 2 ECANAINT1 (CAN-A) 13 6
INT9.7 102 0x0000 ODCC 2 Reserved - 13 7
INT9.8 103 0x0000 ODCE 2 Reserved - 13 8 (lowest)
PIE Group 10 Vectors - MUXed into CPU INT10
INT10.1 104 0x0000 0DDO 2 ADCINT1 (ADC) 14 1 (highest)
INT10.2 105 0x0000 0DD2 2 ADCINT2 (ADC) 14 2
INT10.3 106 0x0000 0DD4 2 ADCINT3 (ADC) 14 3
INT10.4 107 0x0000 0DD6 2 ADCINT4 (ADC) 14 4
INT10.5 108 0x0000 0DD8 2 ADCINT5 (ADC) 14 5
INT10.6 109 0x0000 ODDA 2 ADCINT6 (ADC) 14 6
INT10.7 110 0x0000 0ODDC 2 ADCINT7 (ADC) 14 7
INT10.8 111 0x0000 ODDE 2 ADCINTS8 (ADC) 14 8 (lowest)
PIE Group 11 Vectors - MUXed into CPU INT11
INT11.1 112 0x0000 ODEO 2 CLA1_INT1 (CLA) 15 1 (highest)
INT11.2 113 0x0000 ODE2 2 CLA1_INT2 (CLA) 15 2
INT11.3 114 0x0000 ODE4 2 CLA1_INT3 (CLA) 15 3
INT11.4 115 0x0000 ODE6 2 CLA1_INT4 (CLA) 15 4
INT11.5 116 0x0000 ODE8 2 CLA1_INT5 (CLA) 15 5
INT11.6 117 0x0000 ODEA 2 CLA1_INT6 (CLA) 15 6
INT11.7 118 0x0000 ODEC 2 CLA1_INT7 (CLA) 15 7
INT11.8 119 0x0000 ODEE 2 CLA1_INT8 (CLA) 15 8 (lowest)
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Table 1-112. PIE Vector Table (continued)

CPU PIE Group
Name VECTOR ID Address () Size (x16) Description @ Priority Priority
PIE Group 12 Vectors - MUXed into CPU INT12
INT12.1 120 0x0000 ODFO 2 XINT3 - 16 1 (highest)
INT12.2 121 0x0000 ODF2 2 Reserved - 16 2
INT12.3 122 0x0000 ODF4 2 Reserved - 16 3
INT12.4 123 0x0000 ODF6 2 Reserved - 16 4
INT12.5 124 0x0000 ODF8 2 Reserved - 16 5
INT12.6 125 0x0000 ODFA 2 Reserved - 16 6
INT12.7 126 0x0000 ODFC 2 LVF (CLA) 16 7
INT12.8 127 0x0000 ODFE 2 LUF (CLA) 16 8 (lowest)

(1) Resetis always fetched from location 0x003F FFCO in Boot ROM.
(2)  All the locations within the PIE vector table are EALLOW protected.

1.6.4 PIE Configuration Registers

The registers controlling the functionality of the PIE block are shown in Table 1-113.

Table 1-113. PIE Configuration and Control Registers

Name

Address

Size (x16)

Description

Bit Description

PIECTRL
PIEACK
PIEIER1
PIEIFR1
PIEIER2
PIEIFR2
PIEIER3
PIEIFR3
PIEIER4
PIEIFR4
PIEIERS
PIEIFR5
PIEIERG
PIEIFR6
PIEIER7
PIEIFR7
PIEIERS8
PIEIFR8
PIEIER9
PIEIFR9
PIEIER10
PIEIFR10
PIEIER11
PIEIFR11
PIEIER12
PIEIFR12

0x0000 - 0OCEO
0x0000 - OCE1
0x0000 - 0CE2
0x0000 - 0CE3
0x0000 - 0CE4
0x0000 - 0OCE5
0x0000 - 0OCE6
0x0000 - 0CE7
0x0000 - 0CE8
0x0000 - 0CE9
0x0000 - OCEA
0x0000 - 0CEB
0x0000 - OCEC
0x0000 - OCED
0x0000 - OCEE
0x0000 - OCEF
0x0000 - 0OCFO0
0x0000 - OCF1
0x0000 - 0OCF2
0x0000 - 0OCF3
0x0000 - OCF4
0x0000 - 0OCF5
0x0000 - OCF6
0x0000 - 0OCF7
0x0000 - 0OCF8
0x0000 - 0OCF9

U QU G O G U G G QU G O QUL G G QU QU G G L G G G G

PIE, Control Register

PIE, Acknowledge Register

PIE, INT1 Group Enable Register
PIE, INT1 Group Flag Register
PIE, INT2 Group Enable Register
PIE, INT2 Group Flag Register
PIE, INT3 Group Enable Register
PIE, INT3 Group Flag Register
PIE, INT4 Group Enable Register
PIE, INT4 Group Flag Register
PIE, INT5 Group Enable Register
PIE, INT5 Group Flag Register
PIE, INT6 Group Enable Register
PIE, INT6 Group Flag Register
PIE, INT7 Group Enable Register
PIE, INT7 Group Flag Register
PIE, INT8 Group Enable Register
PIE, INT8 Group Flag Register
PIE, INT9 Group Enable Register
PIE, INT9 Group Flag Register
PIE, INT10 Group Enable Register
PIE, INT10 Group Flag Register
PIE, INT11 Group Enable Register
PIE, INT11 Group Flag Register
PIE, INT12 Group Enable Register
PIE, INT12 Group Flag Register

Section 1.6.4.1
Section 1.6.4.2
Section 1.6.4.3
Section 1.6.4.4
Section 1.6.4.3
Section 1.6.4.4
Section 1.6.4.3
Section 1.6.4.4
Section 1.6.4.3
Section 1.6.4.4
Section 1.6.4.3
Section 1.6.4.4
Section 1.6.4.3
Section 1.6.4.4
Section 1.6.4.3
Section 1.6.4.4
Section 1.6.4.3
Section 1.6.4.4
Section 1.6.4.3
Section 1.6.4.4
Section 1.6.4.3
Section 1.6.4.4
Section 1.6.4.3
Section 1.6.4.4
Section 1.6.4.3
Section 1.6.4.4
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1.6.4.1 PIE Control (PIECTRL) Register
Figure 1-90. PIE Control (PIECTRL) Register
15 1 0
PIEVECT ‘ ENPIE ‘
R-0 R/W-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 1-114. PIE Control (PIECTRL) Register Field Descriptions
Bits |Field Value |Description
15-1 PIEVECT These bits indicate the address within the PIE vector table from which the vector was fetched. The least

significant bit of the address is ignored and only bits 1 to 15 of the address is shown. You can read the
vector value to determine which interrupt generated the vector fetch.

For Example: If PIECTRL = 0x0D27 then the vector from address 0x0D26 (illegal operation) was
fetched.

0 ENPIE Enable vector fetching from PIE vector table.

Note: The reset vector is never fetched from the PIE, even when it is enabled. This vector is always
fetched from boot ROM.

0 If this bit is set to 0, the PIE block is disabled and vectors are fetched from the CPU vector table in boot
ROM. All PIE block registers (PIEACK, PIEIFR, PIEIER) can be accessed even when the PIE block is
disabled.

1 When ENPIE is set to 1, all vectors, except for reset, are fetched from the PIE vector table. The reset

vector is always fetched from the boot ROM.

1.6.4.2 PIE Interrupt Acknowledge (PIEACK) Register

Figure 1-91. PIE Interrupt Acknowledge (PIEACK) Register
15 12 11 0

Reserved ‘ PIEACK

R-0 R/W1C-0

LEGEND: R/W1C = Read/Write 1 to clear; R = Read only; -n = value after reset

Table 1-115. PIE Interrupt Acknowledge (PIEACK) Register Field Descriptions

Bits |Field Value Description

15-12 |Reserved Reserved
11-0 |PIEACK Each bit in PIEACK refers to a specific PIE group. Bit O refers to interrupts in PIE group 1 that are
MUXed into INT1 up to Bit 11, which refers to PIE group 12 which is MUXed into CPU IN T12
bitx =0 (") |If a bit reads as a 0, it indicates that the PIE can send an interrupt from the respective group to the
CPU.

Writes of O are ignored.

bit x =1 Reading a 1 indicates if an interrupt from the respective group has been sent to the CPU and all
other interrupts from the group are currently blocked.

Writing a 1 to the respective interrupt bit clears the bit and enables the PIE block to drive a pulse into
the CPU interrupt input if an interrupt is pending for that group.

(1) bitx = PIEACK bit 0 to PIEACK bit 11. Bit O refers to CPU INT1 up to bit 11 that refers to CPU INT12.

166 TMS320F2803x Microcontrollers SPRUI10A — DECEMBER 2018 — REVISED JUNE 2022
Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUI10
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUI10A&partnum=F2803X

13 TEXAS
INSTRUMENTS

www.ti.com System Control and Interrupts

1.6.4.3 PIE Interrupt Enable (PIEIERn) Registers
There are twelve PIEIERN registers, one for each CPU interrupt used by the PIE module (INT1-INT12).

Note
Take care when clearing the PIEIERnN bits during normal operation. See Section 1.6.3.2 for the proper
procedure for handling these bits.

Figure 1-92. PIE Interrupt Enable (PIEIERNn) Registers (n =1 to 12)

15 8
Reserved
R-0
7 6 5 4 3 2 1 0
INTx.8 INTX.7 INTx.6 INTx.5 INTx.4 INTx.3 INTx.2 INTx.1
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-116. PIE Interrupt Enable (PIEIERNn) Registers Field Descriptions

Bits Field Description

15-8 Reserved Any writes to these (bits) must always have a value of 0.
7 INTx.8 These register bits individually enable an interrupt within a group and behave very much like the core

interrupt enable register. x = 1 to 12. INTx means CPU INT1 to INT12.
6 INTx.7 Setting a bit to 0 disables the servicing of the interrupt.
5 INTx.6 Setting a bit to 1 enables the servicing of the respective interrupt.
4 INTx.5
3 INTx.4
2 INTx.3
1 INTx.2
0 INTx.1
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1.6.4.4 PIE Interrupt Flag (PIEIFRn) Registers
There are twelve PIEIFRn registers, one for each CPU interrupt used by the PIE module (INT1-INT12).

CAUTION
Never clear a PIEIFR bit. An interrupt may be lost during the read-modify-write operation. See
Section 1.6.3.1 for the method to clear flagged interrupts.

Figure 1-93. PIE Interrupt Flag (PIEIFRNn) Registers (n =1 to 12)

15 8
Reserved
R-0
7 6 5 4 3 2 1 0
INTx.8 INTX.7 INTx.6 INTx.5 INTx.4 INTx.3 INTx.2 INTx.1
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-117. PIE Interrupt Flag (PIEIFRn) Registers Field Descriptions
Bits Field Description

15-8 Reserved Reserved

7 INTx.8 These register bits indicate whether an interrupt is currently active. They behave very much like the CPU
interrupt flag register. When an interrupt is active, the respective register bit is set. The bit is cleared when
the interrupt is serviced or by writing a 0 to the register bit. This register can also be read to determine which
interrupts are active or pending. x = 1 to 12. INTx means CPU INT1 to INT12.

INTx.7 The PIEIFR register bit is cleared during the interrupt vector fetch portion of the interrupt processing.

INTx.6 Hardware has priority over CPU accesses to the PIEIFR registers.
INTx.5
INTx.4
INTx.3
INTx.2
INTx.1

Ol =N WwW|~jlO|O®
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1.6.4.5 CPU Interrupt Flag Register (IFR)

The CPU interrupt flag register (IFR), is a 16-bit, CPU register and is used to identify and clear pending
interrupts. The IFR contains flag bits for all the maskable interrupts at the CPU level (INT1-INT14, DLOGINT and
RTOSINT). When the PIE is enabled, the PIE module multiplexes interrupt sources for INT1-INT12.

When a maskable interrupt is requested, the flag bit in the corresponding peripheral control register is set to 1.
If the corresponding mask bit is also 1, the interrupt request is sent to the CPU, setting the corresponding flag in
the IFR. This indicates that the interrupt is pending or waiting for acknowledgment.

To identify pending interrupts, use the PUSH IFR instruction and then test the value on the stack. Use the OR
IFR instruction to set IFR bits and use the AND IFR instruction to manually clear pending interrupts. All pending
interrupts are cleared with the AND IFR #0 instruction or by a hardware reset.

The following events also clear an IFR flag:

» The CPU acknowledges the interrupt.
* The 28x device is reset.

Note

To clear a CPU IFR bit, you must write a zero to it, not a one.

When a maskable interrupt is acknowledged, only the IFR bit is cleared automatically. The flag bit

in the corresponding peripheral control register is not cleared. If an application requires that the

control register flag be cleared, the bit must be cleared by software.

3. When an interrupt is requested by an INTR instruction and the corresponding IFR bit is set, the
CPU does not clear the bit automatically. If an application requires that the IFR bit be cleared, the
bit must be cleared by software.

4. IMR and IFR registers pertain to core-level interrupts. All peripherals have their own interrupt
mask and flag bits in their respective control/configuration registers. Note that several peripheral
interrupts are grouped under one core-level interrupt.

N —

Figure 1-94. Interrupt Flag Register (IFR) — CPU Register

15 14 13 12 1 10 9 8
RTOSINT DLOGINT INT14 INT13 ‘ INT12 ‘ INT11 INT10 INT9
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
7 6 5 4 3 2 1 0
INT8 INT7 INT6 INTS INT4 INT3 INT2 INT1
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; -n = value after reset

Table 1-118. Interrupt Flag Register (IFR) — CPU Register Field Descriptions
Bits Field Value |Description
15 RTOSINT Real-time operating system flag. RTOSINT is the flag for RTOS interrupts.
0 No RTOS interrupt is pending

1 At least one RTOS interrupt is pending. Write a 0 to this bit to clear it to 0 and clear the interrupt
request
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Table 1-118. Interrupt Flag Register (IFR) — CPU Register Field Descriptions (continued)

Bits Field Value |Description
14 DLOGINT Data logging interrupt fag. DLOGINT is the flag for data logging interrupts.
0 No DLOGINT is pending
1 At least one DLOGINT interrupt is pending. Write a 0 to this bit to clear it to 0 and clear the interrupt
request
13 INT14 Interrupt 14 flag. INT14 is the flag for interrupts connected to CPU interrupt level INT14.
0 No INT14 interrupt is pending
1 At least one INT14 interrupt is pending. Write a 0 to this bit to clear it to 0 and clear the interrupt
request
12 INT13 Interrupt 13 flag. INT13 is the flag for interrupts connected to CPU interrupt level INT13l.
0 No INT13 interrupt is pending
1 At least one INT13 interrupt is pending. Write a 0 to this bit to clear it to 0 and clear the interrupt
request
11 INT12 Interrupt 12 flag. INT12 is the flag for interrupts connected to CPU interrupt level INT12.
0 No INT12 interrupt is pending
1 At least one INT12 interrupt is pending. Write a 0 to this bit to clear it to 0 and clear the interrupt
request
10 INT11 Interrupt 11 flag. INT11 is the flag for interrupts connected to CPU interrupt level INT11.
0 No INT11 interrupt is pending
1 At least one INT11 interrupt is pending. Write a 0 to this bit to clear it to 0 and clear the interrupt
request
9 INT10 Interrupt 10 flag. INT10 is the flag for interrupts connected to CPU interrupt level INT10.
0 No INT10 interrupt is pending
1 At least one INT6 interrupt is pending. Write a 0 to this bit to clear it to 0 and clear the interrupt
request
8 INT9 Interrupt 9 flag. INT9 is the flag for interrupts connected to CPU interrupt level INT6.
0 No INT9 interrupt is pending
1 At least one INT9 interrupt is pending. Write a 0 to this bit to clear it to 0 and clear the interrupt
request
7 INT8 Interrupt 8 flag. INT8 is the flag for interrupts connected to CPU interrupt level INT6.
0 No INT8 interrupt is pending
1 At least one INT8 interrupt is pending. Write a 0 to this bit to clear it to 0 and clear the interrupt
request
6 INT7 Interrupt 7 flag. INT7 is the flag for interrupts connected to CPU interrupt level INT7.
0 No INT7 interrupt is pending
At least one INT7 interrupt is pending. Write a 0 to this bit to clear it to 0 and clear the interrupt
request
5 INT6 Interrupt 6 flag. INT6 is the flag for interrupts connected to CPU interrupt level INT6.
0 No INT6 interrupt is pending
1 At least one INT6 interrupt is pending. Write a 0 to this bit to clear it to 0 and clear the interrupt
request
4 INTS Interrupt 5 flag. INT5 is the flag for interrupts connected to CPU interrupt level INTS5.
0 No INTS interrupt is pending
At least one INT5 interrupt is pending. Write a 0 to this bit to clear it to 0 and clear the interrupt
request
3 INT4 Interrupt 4 flag. INT4 is the flag for interrupts connected to CPU interrupt level INT4.
0 No INT4 interrupt is pending
1 At least one INT4 interrupt is pending. Write a 0 to this bit to clear it to 0 and clear the interrupt
request
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Table 1-118. Interrupt Flag Register (IFR) — CPU Register Field Descriptions (continued)

Bits Field Value |Description

2 INT3 Interrupt 3 flag. INT3 is the flag for interrupts connected to CPU interrupt level INT3.
0 No INT3 interrupt is pending

1 At least one INT3 interrupt is pending. Write a 0 to this bit to clear it to 0 and clear the interrupt
request

1 INT2 Interrupt 2 flag. INT2 is the flag for interrupts connected to CPU interrupt level INT2.
0 No INT2 interrupt is pending

1 At least one INT2 interrupt is pending. Write a 0 to this bit to clear it to 0 and clear the interrupt

request
0 INT1 Interrupt 1 flag. INT1 is the flag for interrupts connected to CPU interrupt level INT1.
0 No INT1 interrupt is pending
1 At least one INT1 interrupt is pending. Write a 0 to this bit to clear it to 0 and clear the interrupt
request
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1.6.4.6 Interrupt Enable Register (IER)

The IER is a 16-bit CPU register. The IER contains enable bits for all the maskable CPU interrupt levels
(INT1-INT14, RTOSINT and DLOGINT). Neither NMI nor XRS is included in the IER; thus, IER has no effect on
these interrupts.

You can read the IER to identify enabled or disabled interrupt levels, and you can write to the IER to enable

or disable interrupt levels. To enable an interrupt level, set its corresponding IER bit to one using the OR IER
instruction. To disable an interrupt level, set its corresponding IER bit to zero using the AND IER instruction.
When an interrupt is disabled, it is not acknowledged, regardless of the value of the INTM bit. When an interrupt
is enabled, it is acknowledged if the corresponding IFR bit is one and the INTM bit is zero.

When using the OR IER and AND IER instructions to modify IER bits, make sure they do not modify the state of
bit 15 (RTOSINT) unless a real-time operating system is present.

When a hardware interrupt is serviced or an INTR instruction is executed, the corresponding IER bit is cleared
automatically. When an interrupt is requested by the TRAP instruction the IER bit is not cleared automatically. In
the case of the TRAP instruction if the bit needs to be cleared it must be done by the interrupt service routine.

At reset, all the IER bits are cleared to 0, disabling all maskable CPU level interrupts.
Figure 1-95. Interrupt Enable Register (IER) — CPU Register

15 14 13 12 1 10 9 8
RTOSINT DLOGINT INT14 INT13 ‘ INT12 ‘ INT11 INT10 INT9
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
7 6 5 4 3 2 1 0
INT8 INT7 INT6 INTS INT4 INT3 INT2 INT1
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; -n = value after reset

Table 1-119. Interrupt Enable Register (IER) Field Descriptions

Bits Field Value |Description
15 RTOSINT Real-time operating system interrupt enable. RTOSINT enables or disables the CPU RTOS
interrupt.

0 RTOSINT is disabled
1 RTOSINT is enabled

14 DLOGINT Data logging interrupt enable. DLOGINT enables or disables the CPU data logging interrupt.
0 DLOGINT is disabled
1 DLOGINT is enabled
13 INT14 Interrupt 14 enable. INT14 enables or disables CPU interrupt level INT14.
0 Level INT14 is disabled
1 Level INT14 is enabled
12 INT13 Interrupt 13 enable. INT13 enables or disables CPU interrupt level INT13.

0 Level INT13 is disabled
Level INT13 is enabled
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Table 1-119. Interrupt Enable Register (IER) Field Descriptions (continued)

Bits

Field

Value

Description

1"

INT12

Interrupt 12 enable. INT12 enables or disables CPU interrupt level INT12.

Level INT12 is disabled
Level INT12 is enabled

10

INT11

Interrupt 11 enable. INT11 enables or disables CPU interrupt level INT11.

Level INT11 is disabled
Level INT11 is enabled

INT10

Interrupt 10 enable. INT10 enables or disables CPU interrupt level INT10.

Level INT10 is disabled
Level INT10 is enabled

INT9

Interrupt 9 enable. INT9 enables or disables CPU interrupt level INT9.

Level INT9 is disabled
Level INT9 is enabled

INT8

Interrupt 8 enable. INT8 enables or disables CPU interrupt level INT8.

Level INT8 is disabled
Level INT8 is enabled

INT7

Interrupt 7 enable. INT7 enables or disables CPU interrupt level INT7.

Level INT7 is disabled
Level INT7 is enabled

INT6

Interrupt 6 enable. INT6 enables or disables CPU interrupt level INT6.

Level INT6 is disabled
Level INT6 is enabled

INTS

Interrupt 5 enable.INT5 enables or disables CPU interrupt level INT5.
Level INT5 is disabled
Level INT5 is enabled

INT4

Interrupt 4 enable.INT4 enables or disables CPU interrupt level INT4.
Level INT4 is disabled
Level INT4 is enabled

INT3

Interrupt 3 enable.INT3 enables or disables CPU interrupt level INT3.
Level INT3 is disabled
Level INT3 is enabled

INT2

Interrupt 2 enable.INT2 enables or disables CPU interrupt level INT2.
Level INT2 is disabled
Level INT2 is enabled

INT1

Interrupt 1 enable.INT1 enables or disables CPU interrupt level INT1.
Level INT1 is disabled
Level INT1 is enabled
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1.6.4.7 Debug Interrupt Enable Register (DBGIER)

The Debug Interrupt Enable Register (DBGIER) is used only when the CPU is halted in real-time emulation
mode. An interrupt enabled in the DBGIER is defined as a time-critical interrupt. When the CPU is halted in
real-time mode, the only interrupts that are serviced are time-critical interrupts that are also enabled in the IER.
If the CPU is running in real-time emulation mode, the standard interrupt-handling process is used and the
DBGIER is ignored.

As with the IER, you can read the DBGIER to identify enabled or disabled interrupts and write to the DBGIER to
enable or disable interrupts. To enable an interrupt, set its corresponding bit to 1. To disable an interrupt, set its
corresponding bit to 0. Use the PUSH DBGIER instruction to read from the DBGIER and POP DBGIER to write
to the DBGIER register. At reset, all the DBGIER bits are set to 0.

Figure 1-96. Debug Interrupt Enable Register (DBGIER) — CPU Register

15 14 13 12 1 10 9 8
RTOSINT DLOGINT INT14 INT13 ‘ INT12 ‘ INT11 ‘ INT10 INT9
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
7 6 5 4 3 2 1 0
INT8 INT7 INT6 INTS INT4 INT3 INT2 INT1
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; -n = value after reset

Table 1-120. Debug Interrupt Enable Register (DBGIER) Field Descriptions

Bits Field Value |Description
15 RTOSINT Real-time operating system interrupt enable. RTOSINT enables or disables the CPU RTOS
interrupt.
0 RTOSINT is disabled
RTOSINT is enabled
14 DLOGINT Data logging interrupt enable. DLOGINT enables or disables the CPU data logging interrupt.

0 DLOGINT is disabled

DLOGINT is enabled

13 INT14 Interrupt 14 enable. INT14 enables or disables CPU interrupt level INT14.
0 Level INT14 is disabled

Level INT14 is enabled

12 INT13 Interrupt 13 enable. INT13 enables or disables CPU interrupt level INT13.
0 Level INT13 is disabled

Level INT13 is enabled

11 INT12 Interrupt 12 enable. INT12 enables or disables CPU interrupt level INT12.
0 Level INT12 is disabled

Level INT12 is enabled

10 INT11 Interrupt 11 enable. INT11 enables or disables CPU interrupt level INT11.
0 Level INT11 is disabled

Level INT11 is enabled
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Table 1-120. Debug Interrupt Enable Register (DBGIER) Field Descriptions (continued)

Bits

Field

Value

Description

INT10

Interrupt 10 enable. INT10 enables or disables CPU interrupt level INT
Level INT10 is disabled
Level INT10 is enabled

10.

INT9

Interrupt 9 enable. INT9 enables or disables CPU interrupt level INT9.
Level INT9 is disabled
Level INT9 is enabled

INT8

Interrupt 8 enable. INT8 enables or disables CPU interrupt level INT8.
Level INT8 is disabled
Level INT8 is enabled

INT7

Interrupt 7 enable. INT7 enables or disables CPU interrupt level INT77.

Level INT7 is disabled
Level INT7 is enabled

INT6

Interrupt 6 enable. INT6 enables or disables CPU interrupt level INT6.
Level INT6 is disabled
Level INT6 is enabled

INTS

Interrupt 5 enable.INT5 enables or disables CPU interrupt level INT5.
Level INT5 is disabled
Level INT5 is enabled

INT4

Interrupt 4 enable.INT4 enables or disables CPU interrupt level INT4.
Level INT4 is disabled
Level INT4 is enabled

INT3

Interrupt 3 enable.INT3 enables or disables CPU interrupt level INT3.
Level INT3 is disabled
Level INT3 is enabled

INT2

Interrupt 2 enable.INT2 enables or disables CPU interrupt level INT2.
Level INT2 is disabled
Level INT2 is enabled

INT1

Interrupt 1 enable.INT1 enables or disables CPU interrupt level INT1.
Level INT1 is disabled
Level INT1 is enabled
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1.6.5 External Interrupt Configuration Registers

Three external interrupts, XINT1 — XINT3, are supported. Each of these external interrupts can be selected for
negative or positive edge triggered and can also be enabled or disabled. The masked interrupts also contain a
16-bit free running up counter that is reset to zero when a valid interrupt edge is detected. This counter can be
used to accurately time stamp the interrupt.

Table 1-121. Interrupt Control and Counter Registers (not EALLOW Protected)

Name Address Range Size (x16) Description Bit Description
XINT1CR 0x0000 7070 1 XINT1 control register Section 1.6.5.1
XINT2CR 0x0000 7071 1 XINT2 control register Section 1.6.5.1
XINT3CR 0x0000 7072 1 XINT3 control register Section 1.6.5.1
reserved 0x0000 7073 - 0x0000 7077 5

XINT1CTR 0x0000 7078 1 XINT1 counter register Section 1.6.5.2
XINT2CTR 0x0000 7079 1 XINT2 counter register Section 1.6.5.2
XINT3CTR 0x0000 707A 1 XINT3 counter register Section 1.6.5.2
reserved 0x0000 707B - 0x0000 707E 5

1.6.5.1 External Interrupt Control Registers (XINTnCR)

XINT1CR through XINT3CR are identical except for the interrupt number; therefore, Figure 1-97 and Table 1-122
represent registers for external interrupts 1 through 3 as XINTnCR, where n = the interrupt number.

Figure 1-97. External Interrupt Control Registers (XINTnCR) (n =1 to 3)

15 4 3 2 1 0
Reserved POLARITY ‘ Reserved ‘ ENABLE
R-0 R/W-0 R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-122. External Interrupt Control Registers (XINTnCR) Field Descriptions

Bits Field Value |Description
15-4 Reserved Any writes to these (bits) must always have a value of 0.
3-2 POLARITY This read/write bit determines whether interrupts are generated on the rising edge or the
falling edge of a signal on the pin.
00 Interrupt generated on a falling edge (high-to-low transition)
01 Interrupt generated on a rising edge (low-to-high transition)
10 Interrupt generated on a falling edge (high-to-low transition)
11 Interrupt generated on both a falling edge and a rising edge (high-to-low and low-to-high
transition)
1 Reserved Any writes to these (bits) must always have a value of 0.
0 ENABLE This read/write bit enables or disables external interrupt XINTn.
0 Disable interrupt
1 Enable interrupt
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1.6.5.2 External Interrupt n Counter Registers (XINTnCTR)

For XINT1/XINT2/XINT3, there is also a 16-bit counter that is reset to 0x000 whenever an interrupt edge is
detected. These counters can be used to accurately time stamp an occurrence of the interrupt.

XINT1CTR through XINT3CTR are identical except for the interrupt number; therefore, Figure 1-98 and Table
1-123 represent registers for the external interrupts as XINTNCTR, where n = the interrupt number.

Figure 1-98. External Interrupt n Counter Registers (XINTNnCTR)
15

INTCTR[15-8]

R-0
LEGEND: R = Read only; -n = value after reset

Table 1-123. External Interrupt n Counter Registers (XINTNnCTR)Field Descriptions

Bits Field Description

15-0 INTCTR This is a free running 16-bit up-counter that is clocked at the SYSCLKOUT rate. The counter value

is reset to 0x0000 when a valid interrupt edge is detected and then continues counting until the next
valid interrupt edge is detected. When the interrupt is disabled, the counter stops. The counter is a
free-running counter and wraps around to zero when the maximum value is reached. The counter is a
read only register and can only be reset to zero by a valid interrupt edge or by reset.
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1.7 VREG/BOR/POR

Although the core and I/O circuitry operate on two different voltages, these devices have an on-chip voltage
regulator (VREG) to generate the Vpp voltage from the Vpp o supply. This eliminates the cost and area of a
second external regulator on an application board. Additionally, internal power-on reset (POR) and brown-out
reset (BOR) circuits monitor both the Vpp and Vppg rails during power-up and run mode, eliminating a need for
any external voltage supervisory circuits.

The Vpp BOR is only valid when the VREG is enabled. If VREG is disabled, and external LDO is used for 1.8V,
then there is no BOR functlon on Vpp.

1.7.1 On-Chip Voltage Regulator (VREG)

An on-chip voltage regulator facilitates the powering of the device without adding the cost or board space of a
second external regulator. This linear regulator generates the core Vpp voltage from the Vpp o supply. Therefore,
although capacitors are required on each Vpp pin to stabilize the generated voltage, power need not be supplied
to these pins to operate the device. Conversely, the VREG can be bypassed or overdriven, should power or
redundancy be the primary concern of the application.

1.7.1.1 Using the On-Chip VREG

To utilize the on-chip VREG, the VREGENZ pin should be pulled low and the appropriate recommended
operating voltage should be supplied to the Vpp,o and Vppa pins. In this case, the Vpp voltage needed by

the core logic will be generated by the VREG. Each Vpp pin requires on the order of 1.2 uF capacitance for
proper regulation of the VREG. These capacitors should be located as close as possible to the device pins. See
the TMS320F2803x Real-Time Microcontrollers Data Manual for the acceptable range of capacitance.

1.7.1.2 Bypassing the On-Chip VREG

To conserve power, it is also possible to bypass the on-chip VREG and supply the core logic voltage to the
Vpp pins with an external regulator. To enable this option, the VREGENZ pin must be pulled high. Refer to
the TMS320F2803x Real-Time Microcontrollers Data Manual for the acceptable range of voltage that must be
supplied to the Vpp pins.
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1.7.2 On-chip Power-On Reset (POR) and Brown-Out Reset (BOR) Circuit

Two on-chip supervisory circuits, the power-on reset (POR) and the brown-out reset (BOR) remove the burden
of monitoring the Vpp and Vpp o supply rails from the application board. The purpose of the POR is to create

a clean reset throughout the device during the entire power-up procedure. The trip point is a looser, lower trip
point than the BOR, which watches for dips in the Vpp or Vpp o rail during device operation. The POR function
is present on both Vpp and Vppg rails at all times. After initial device power-up, the BOR function is present on
Vppio at all times, and on Vpp when the internal VREG is enabled (VREGENZ pin is pulled low). Both functions
pull the XRS pin low when one of the voltages is below their respective trip point. Additionally, when monitoring

the Vpp rail, the BOR pulls XRS low when Vpp is above its over-voltage trip point. See the device data sheet for

the various trip points as well as the delay time from the removal of the fault condition to the release of the XRS
pin.

A bit is provided in the BORCFG register (address 0x985) to disable both the VDD and VDDIO BOR functions.
The default state of this bit is to enable the BOR function. When the BOR functions are disabled, the POR
functions will remain enabled. The BORCFG register is only reset by the XRS signal.

Figure 1-99. BOR Configuration (BORCFG) Register

15 3 2 1 0
Reserved ‘ Reserved ‘ Reserved BORENZ
R-0 R-1 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-124. BOR Configuration (BORCFG) Field Descriptions

Bits Field Value Description
15-3 |Reserved 0 Any writes to these bits must always have a value of 0.
2 Reserved 1 Reads always return a one. Writes have no effect.
1 Reserved 0 Any writes to these bits must always have a value of 0.
0 |BORENZ BOR enable active low bit.
0 BOR functions are enabled.
1 BOR functions are disabled.
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. Chapter 2
13 TEXAS

INSTRUMENTS Boot ROM

The boot ROM is a block of read-only memory that is factory programmed. This chapter explains the
boot procedure, the available boot modes, and the various details of the ROM code including memory
maps, initializations, reset handling, and status information. The ROM source code is available under
\libraries\boot_rom directory in C2000Ware.
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2.1 Boot ROM Memory Map
The boot ROM is an 8K x 16 block of read-only memory located at addresses 0x3F EO0O - Ox3F FFFF.

The on-chip boot ROM is factory programmed with bootload routines and math tables. These are for use with the
C28x IQMath Library - A Virtual Floating Point Engine.

This document describes the following items:

* Bootloader functions

* Version number, release date and checksum

¢ Reset vector

* lllegal trap vector (ITRAP)

» CPU vector table (used for test purposes only)
* |Qmath Tables

» Selected IQmath functions

* Flash API library

Figure 2-1 shows the memory map of the on-chip boot ROM. The memory block is 8Kx16 in size and is located
at Ox3F EO0O0O0 - Ox3F FFFF in both program and data space.

Data space Program space
| 3F E000
IQ math tables
3F EC86
IQmath functions
3F F4B0
Boot loader functions
3F F8D2
Flash API library
3F FFB9
ROM version
ROM checksum
3F FFCO
Reset vector
CPU vector table
3F FFFF

Figure 2-1. Memory Map of On-Chip ROM
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2.1.1 On-Chip Boot ROM IQmath Tables

The fixed-point math tables and functions included in the boot ROM are used by the C28x IQMath Library -

A Virtual Floating Point Engine). The 28x IQmath Library is a collection of highly optimized and high precision
mathematical functions for C/C++ programmers to seamlessly port a floating-point algorithm into fixed-point code
on 28x devices.

These routines are typically used in computationally-intensive, real-time applications where optimal execution
speed and high accuracy is critical. By using these routines, you can achieve execution speeds that are
considerably faster than equivalent code written in standard ANSI C language. In addition, by providing ready-to-
use high precision functions, the Tl IQmath Library can significantly shorten the development time.

The IQmath library accesses the tables through the IQmathTables and the IQmathTablesRam linker sections.
Both of these sections are completely included in the boot ROM.

If you do not wish to load a copy of these tables already included in the ROM into the device, use the boot ROM
memory addresses and label the sections as “NOLOAD” as shown in Example 2-1. This facilitates referencing
the lookup tables without actually loading the section to the target.

The preferred alternative to using the linker command file is to use the IQmath boot ROM symbol library. If this
library is linked in the project before the IQmath library, and the linker-priority option is used, then any math
tables and IQmath functions within the boot ROM will be used first. Refer to the IQMath library documentation for
more information.

The following math tables are included in the boot ROM:
» Sine/Cosine table, IQ Math Table
— Table size: 1282 words
— Qformat: Q30
— Contents: 32-bit samples for one and a quarter period sine wave

This is useful for accurate sine wave generation and 32-bit FFTs. This can also be used for 16-bit math; just
skip over every second value
* Normalized Inverse Table, IQ Math Table
— Table size: 528 words
— Qformat: Q29
— Contents: 32-bit normalized inverse samples plus saturation limits

This table is used as an initial estimate in the Newton-Raphson inverse algorithm. By using a more
accurate estimate the convergence is quicker and hence cycle time is faster.
* Normalized Square Root Table, IQ Math Table
— Table size: 274 words
— Qformat: Q30
— Contents: 32-bit normalized inverse square root samples plus saturation

This table is used as an initial estimate in the Newton-Raphson square-root algorithm. By using a more
accurate estimate the convergence is quicker and hence cycle time is faster.
¢« Normalized Arctan Table, IQ Math Table
— Table size: 452 words
— Qformat: Q30
— Contents 32-bit second order coefficients for line of best fit plus normalization table

This table is used as an initial estimate in the Arctan iterative algorithm. By using a more accurate estimate
the convergence is quicker and hence cycle time is faster.
* Rounding and Saturation Table, IQ Math Table
— Table size: 360 words
— Qformat: Q30
— Contents: 32-bit rounding and saturation limits for various Q values
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* Exp Min/Max Table, IQMath Table

— Table size: 120 words

— Qformat: Q1 - Q30

— Contents: 32-bit Min and Max values for each Q value
+ Exp Coefficient Table, IQMath Table

— Table size: 20 words

— Qformat: Q31

— Contents: 32-bit coefficients for calculating exp (X) using a Taylor series
¢ Inverse Sin/Cos Table, IQ Math Table

— Table size: 85 x 16

— Q format: Q29

— Contents: Coefficient table to calculate the formula f(x) = c4*x*4 + c3*x"3 + c2*x"2 + c1*x + c0.

Example 2-1. Linker Command File to Access IQ Tables

MEMORY
{
PAGE 0 :
IQTABLES : origin = 0x3FE000, length = 0x000b50
IQTABLES2 : origin = 0x3FEB50, length = 0x00008c
= 0x3FEBDC, length = 0x0000AA

IQTABLES3 : origin

}
SECTIONS

{

iéﬁathTables : load = IQTABLES, type = NOLOAD, PAGE = 0
IQmathTables2 > IQTABLES2, type = NOLOAD, PAGE = 0

{ IOmath.lib<IQNexpTable.obj> (IQmathTablesRam)

: IQ0mathTables3 : load = IQTABLES3, PAGE = 0

{ IQNasinTable.obj (IQmathTablesRam)

}

2.1.2 On-Chip Boot ROM IQmath Functions
The following IQmath functions are included in the Boot ROM:

+ IQNatan2 N= 15, 20, 24, 29
* IQNcos N= 15, 20, 24, 29

* IQNdiv N= 15, 20, 24, 29

+ IQisqgrt N= 15, 20, 24, 29

+ IQNmag N= 15, 20, 24, 29
* IQNsin N= 15, 20, 24, 29

* IQNsqgrt N= 15, 20, 24, 29

These functions can be accessed using the IQmath boot ROM symbol library included with the boot ROM
source. If this library is linked in the project before the IQmath library, and the linker-priority option is used,
then any math tables and IQmath functions within the boot ROM will be used first. Refer to the IQMath Library
documentation for more information.

2.1.3 On-Chip Flash API

The boot ROM contains the API to program and erase the flash. This flash APl can be accessed using the boot
ROM flash APl symbol library released with the boot ROM source. Refer to the Flash API Library documentation
in C2000Ware for information on how to use the symbol library.
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2.1.4 CPU Vector Table

A CPU vector table, Figure 2-2, resides in boot ROM memory from address 0x3F EOQO - Ox3F FFFF. This vector
table is active after reset when VMAP = 1, ENPIE = 0 (PIE vector table disabled).

Math tables Ox3F E000
and functions
Bootloader
functions
0x3F FECO \Ijﬁ/lsi}t:f:(itched from here when
Reset vector
64 x 16 Other vectors fetched from here when
CPU vector table v "
0x3F FFFF VMAP=1, ENPIE=0

A. The VMAP bit is located in Status Register 1 (ST1). VMAP is always 1 on reset. It can be changed after reset by software, however the
normal operating mode will be to leave VMAP = 1.

B. The ENPIE bit is located in the PIECTRL register. The default state of this bit at reset is 0, which disables the Peripheral Interrupt
Expansion block (PIE).

Figure 2-2. Vector Table Map

The only vector that will normally be handled from the internal boot ROM memory is the reset vector located at
0x3F FFCO. The reset vector is factory programmed to point to the InitBoot function stored in the boot ROM.
This function starts the bootload process. A series of checking operations is performed on TRST and select
general-purpose /O (GPIO) pins to determine which boot mode to use. This boot mode selection is described in
Section 2.2.9 of this document.

The remaining vectors in the boot ROM are not used during normal operation. After the boot process is
complete, you should initialize the Peripheral Interrupt Expansion (PIE) vector table and enable the PIE block.
From that point on, all vectors, except reset, will be fetched from the PIE module and not the CPU vector table
shown in Table 2-1.

For Tl silicon debug and test purposes the vectors located in the boot ROM memory point to locations in the
MO SARAM block as shown in Table 2-1. During silicon debug, you can program the specified locations in MO
with branch instructions to catch any vectors fetched from boot ROM. This is not required for normal device
operation.
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Table 2-1. Vector Locations
Location in Contents Location in Contents

Vector Boot ROM (that is, points to) Vector Boot ROM (that is, points to)
RESET Ox3F FFCO InitBoot RTOSINT 0x3F FFEO 0x00 0060

INT1 Ox3F FFC2 0x00 0042 Reserved 0x3F FFE2 0x00 0062

INT2 Ox3F FFC4 0x00 0044 NMI 0x3F FFE4 0x00 0064

INT3 Ox3F FFC6 0x00 0046 ILLEGAL 0x3F FFE6 ITRAPIsr

INT4 0x3F FFC8 0x00 0048 USER1 O0x3F FFE8 0x00 0068

INT5 0x3F FFCA 0x00 004A USER2 0x3F FFEA 0x00 006A

INT6 0x3F FFCC 0x00 004C USER3 0x3F FFEC 0x00 006C

INT7 0x3F FFCE 0x00 004E USER4 0x3F FFEE 0x00 006E

INT8 0x3F FFDO 0x00 0050 USER5 0x3F FFFO 0x00 0070

INT9 Ox3F FFD2 0x00 0052 USER6 0x3F FFF2 0x00 0072

INT10 0x3F FFD4 0x00 0054 USER7 0x3F FFF4 0x00 0074

INT11 Ox3F FFD6 0x00 0056 USERS8 0x3F FFF6 0x00 0076

INT12 Ox3F FFD8 0x00 0058 USER9 0x3F FFF8 0x00 0078

INT13 0x3F FFDA 0x00 005A USER10 0x3F FFFA 0x00 007A

INT14 0x3F FFDC 0x00 005C USER11 0x3F FFFC 0x00 007C
DLOGINT Ox3F FFDE 0x00 005E USER12 0x3F FFFE 0x00 007E

2.2 Bootloader Features

This section describes in detail the boot mode selection process, as well as the specifics of the bootloader
operation.

2.2.1 Bootloader Functional Operation
The bootloader is the program located in the on-chip boot ROM that is executed following a reset.

The bootloader provides a variety of different ways to download code to accommodate different system
requirements. The bootloader uses the state of TRST and two GPIO signals to determine which boot mode

to use. The boot mode selection process and the specifics of each bootloader are described in the remainder of
this document. Figure 2-3 shows the basic bootloader flow:

The reset vector in boot ROM redirects program execution to the InitBoot function. After performing device
initialization the bootloader will check the state of the TRST pin to determine if an emulation pod is connected.

» Debugger Boot (Debugger is connected and TRST = 1)

In debugger boot, the boot ROM will check two SARAM locations called EMU_KEY and EMU_BMODE for a
boot mode. If the contents of either location are invalid, then the "wait" boot mode is used. All boot mode options
can be accessed by modifying the value of EMU_BMODE through the debugger when performing an debugger
boot.

» Standalone Boot ( TRST = 0)

If the device is in standalone boot mode, then the state of two GPIO pins is used to determine which boot mode
will execute. Options include: GetMode, wait, SCI, and parallel /0. Each of the modes is described in Section
2.2.9. The GetMode option by default boots to flash but can be customized by programming two values into OTP
to select another boot loader.

After the selection process and if the required bootloading is complete, the processor will continue execution at
an entry point determined by the boot mode selected. If a bootloader was called, then the input stream loaded
by the peripheral determines this entry address. This data stream is described in Section 2.2.11. If, instead, you
choose to boot directly to Flash, OTP, or SARAM, the entry address is predefined for each of these memory
blocks.
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The following sections discuss in detail the different boot modes available and the process used for loading data
code into the device.

/ Reset
(Power-On Reset or Debug Probe Not Connected
Warm Reset) Determine Boot Mode
Silicon Sets the Following: No Based on 2 GPIO pins
PIE Disabled (ENPIE=0) and 2 OTP locations
VMAP=1 (OTP_KEY and
OBJMODE=0 OTP_BMODE)

AMODE=0
\ MOM1MAP=1 / Yes

Boot ROM Debug Probe Connected
Reset Vector Fetched Determine Boot Mode . .
Begin Execution at Ent
from Boot ROM Address Based on 2 RAM Pc?int as Determined b;y
0x3F FFCO Locations Selected Boot Modes
Jump to InitBoot Function (EMS—BKIEBSE(’
to Start Boot Process - )

v

Call Device_cal()
PLLSTS[DIVSEL]=3

Dummy Read of CSM
Password Locations

Figure 2-3. Bootloader Flow Diagram
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2.2.2 Bootloader Device Configuration

At reset, the device is in C27x object-compatible mode. It is up to the application to place the device in the
proper operating mode before execution proceeds.

When booting from the internal boot ROM, the device is configured for C28x operating mode by the boot ROM
software. You are responsible for any additional configuration required.

For example, if your application includes C2xLP device source, then you are responsible for configuring the
device for C2xLP source compatibility prior to execution of code generated from C2xLP source.

The configuration required for each operating mode is summarized in Table 2-2.

Table 2-2. Configuration for Device Modes
C2xLP Source

C27x Mode (Reset)® C28x Mode Compatible Mode(?)
OBJMODE 0 1 1
AMODE 0 0 1
PAGEO 0 0 0
MOM1MAP() 1 1 1
Other Settings SXM=1,C=1,SPM=0

(1)  Normally for C27x compatibility, the MOM1MAP would be 0. On these devices, however, it is tied off
high internally; therefore, at reset, MOM1MAP is always configured for C28x mode.

(2) C27x refers to the TMS320C27x family of processors. C2xLP refers to the TMS320F24x/
TMS320LF240xA family of devices that incorporate the C2xLP core. The information in the table
above is for reference only and is not applicable for the typical user development. For more
information on the C2xLP core, refer to the TMS320C28x DSP CPU and Instruction Set Reference
Guide.

2.2.3 PLL Multiplier and DIVSEL Selection

The Boot ROM changes the PLL multiplier (PLLCR) and divider (PLLSTS[DIVSEL]) bits as follows:
* All boot modes:
— PLLCR is not modified. PLLSTS[DIVSEL] is set to 3 for SYSCLKOUT = CLKIN/1. This increases the
speed of the loaders.

Note

The PLL multiplier (PLLCR) and divider (PLLSTS[DIVSEL]) are not affected by a reset from the
debugger. Therefore, a boot that is initialized from a reset from the Code Composer Studio™ IDE may
be at a different speed than booting by pulling the external reset line (XRS) low.

The reset value of PLLSTS[DIVSEL] is 0. This configures the device for SYSCLKOUT = CLKIN/4 .
The boot ROM will change this to SYSCLKOUT = CLKIN/1 to improve performance of the loaders.
PLLSTS[DIVSEL] is left in this state when the boot ROM exits and it is up to the application to change
it before configuring the PLLCR register.
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2.2.4 Watchdog Module

When branching directly to Flash, OTP, or MO single-access RAM (SARAM) the watchdog is not touched. In the
other boot modes, the watchdog is disabled before booting and then re-enabled and cleared before branching
to the final destination address. In the case of an incorrect key value passed to the loader, the watchdog will be
enabled and the device will boot to flash.

2.2.5 Taking an ITRAP Interrupt

If an illegal opcode is fetched, the device will take an ITRAP (illegal trap) interrupt. During the boot process, the

interrupt vector used by the ITRAP is within the CPU vector table of the boot ROM. The ITRAP vector points to

an interrupt service routine (ISR) within the boot ROM named ITRAPIsr(). This interrupt service routine attempts
to enable the watchdog and then loops forever until the processor is reset. This ISR will be used for any ITRAP

until the user's application initializes and enables the peripheral interrupt expansion (PIE) block. Once the PIE is
enabled, the ITRAP vector located within the PIE vector table will be used.

2.2.6 Internal Pullup Circuit

Each GPIO pin has an internal pullup circuit that can be enabled or disabled in software. The pins that are read
by the boot mode selection code to determine the boot mode selection have pull-ups enabled after reset by
default. In noisy conditions it is still recommended to configure each of the boot mode selection pins externally.

The peripheral bootloaders all enable the pullup circuit for the pins that are used for control and data transfer.
The bootloader leaves the circuit enabled for these pins when it exits. For example, the SCI-A bootloader
enables the pullup circuit on the SCITXA and SCIRXA pins. It is the user's responsibility to disable them, if
desired, after the bootloader exits.

2.2.7 PIE Configuration
The boot modes do not enable the PIE. It is left in its default state, which is disabled.

The boot ROM does, however, use the first six locations within the PIE vector table for emulation boot mode
information and Flash API variables. These locations are not used by the PIE itself and not used by typical
applications.

Note

If you are porting code from another 28x processor, check to see if the code initializes the first 6
locations in the PIE vector table to some default value. If it does, consider modifying the code to not
write to these locations so the EMU boot mode will not be overwritten during debug.

2.2.8 Reserved Memory

The MO memory block address range 0x0002 - 0x004E is reserved for the stack and .ebss code sections
during the boot-load process. If code is bootloaded into this region there is no error checking to prevent it from
corrupting the boot ROM stack. Address 0x0000-0x0001 is the boot to MO entry point. This should be loaded
with a branch instruction to the start of the main application when using "boot to SARAM" mode.

0x004E

0x0002| Boot ROM Stack

0x0000| Boot to MO entry point

Boot ROM loaders on older C28x devices had the stack in M1 memory.

Figure 2-4. Boot ROM Stack
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Note

If code or data is bootloaded into the address range address range 0x0002 - 0xO04E, there is no error

checking to prevent it from corrupting the boot ROM stack.

In addition, the first six locations of the PIE vector table are used by the boot ROM. These locations are not used
by the PIE itself and not used by typical applications. These locations are used as SARAM by the boot ROM and
will not affect the behavior of the PIE.

Note

Some example code from previous devices may initialize these locations. This will overwrite any boot
mode you have populated. These locations are listed in Table 2-3.

Table 2-3. PIE Vector SARAM Locations Used by the Boot ROM

Location Name Note

0x0DO00 x 16 EMU_KEY Used for emulation boot
0x0D01 x 16 EMU_BMODE Used for emulation boot
0x0D02 x 32 Flash_CallbackPtr Used by the flash API
0x0D04 x 32 Flash_CPUScaleFactor Used by the flash API

2.2.9 Bootloader Modes

To accommodate different system requirements, the boot ROM offers a variety of boot modes. This section
describes the different boot modes and gives a brief summary of their functional operation. The states of TRST
and two GPIO pins are used to determine the desired boot mode as shown in Table 2-4 and Figure 2-5.

Table 2-4. Boot Mode Selection

GPIO37/TDO e TRST
Mode EMU X X 1 Emulation Boot
Mode 0 0 0 0 Parallel /10
Mode 1 0 1 0 SCI
Mode 2 1 0 0 Wait
Mode 3 1 1 0 GetMode
Note

The default behavior of the GetMode option on unprogrammed devices is to boot to flash. This
behavior can be changed by programming two locations in the OTP as shown in Table 2-6. In addition,
if these locations are used by an application, then GetMode will jump to flash as long as OTP_KEY !=
0x55AA and/or OTP_BMODE is not a valid value.

This device does not support the hardware wait-in-reset mode that is available on other C2000 parts.
The "wait" boot mode can be used to emulate a wait-in-reset mode. The "wait" mode is very important
for debugging devices with the CSM password programmed (that is, secured). When the device is
powered up, the CPU will start running and may execute an instruction that performs an access to an
emulation code security logic (ECSL) protected area. If this happens, the ECSL will trip and cause the
JTAG debug probe connection to be broken. The "wait" mode keeps this from happening by looping
within the boot ROM until a JTAG debug probe is connected.

Figure 2-5 shows an overview of the boot process. Each step is described in greater detail in following sections.
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Boot ROM

I InitBoot I

!

Call
SelectBootMode
Stand-Alone Boot
Yes Read the state of /O
pins to determine
what Boot Mode
is desired
No

Emulation Boot

Read the EMU_KEY and

EMU_BMODE locations

to determine what boot
mode is desired

Call
Get_Mode()
?

Yes

Read OTP_KEY and
OTP_BMODE to
determine what Boot
Mode is desired

Yes
Boot Loader

Call Boot Loader
SCI, SPI, 12C, CAN, or
Parallel /O

EntryPoint
determined directly
by the Boot Mode

Read EntryPoint and
load the data

Call ExitBoot

Begin execution
at EntryPoint

Figure 2-5. Boot ROM Function Overview
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The following boot mode is used when a JTAG debug probe is connected:

«  Emulation Boot

In this case an emulation pod is connected to the device ( TRST = 1) and the boot ROM derives the
boot mode from the first two locations in the PIE vector table. These locations, called EMU_KEY and
EMU_BMODE, are not used by the PIE module and not typically used by applications. Valid values for

EMU_KEY and EMU_BMODE are shown in Table 2-5.
An EMU_KEY value of 0x55AA indicates the EMU_BMODE is valid. An invalid key or invalid mode will result

in calling the wait boot mode. EMU_BMODE and EMU_KEY are automatically populated by the boot ROM
when powering up with TRST = 0. EMU_BMODE can also be initialized manually through the debugger.

Table 2-5. Valid EMU_KEY and EMU_BMODE Values

Address Name Value
if TRST == 1 and EMU_KEY == 0x55AA,
0X0D00 EMU_KEY then check EMU_BMODE for the boot mode,
else { Invalid EMU_KEY
Boot mode = WAIT_BOOT }
0x0000 Boot mode = PARALLEL_BOOT
0x0001 Boot mode = SCI_BOOT
0x0002 Boot mode = WAIT_BOOT
0x0003 Boot mode = GET_BOOT
(GetMode from OTP_KEY/OTP_BMODE)
0x0004 Boot mode = SPI_BOOT
0x0D01 EMU_BMODE 0x0005 Boot mode = 12C_BOOT ()
0x0006 Boot mode = OTP_BOOT
0x0007 Boot mode = CAN_BOOT
0x000A Boot mode = RAM_BOOT
0x000B Boot mode = FLASH_BOOT
Other Boot mode = WAIT_BOOT

(1) 12C boot uses GPI032 and GPIO33, which are not available on all packages.

Table 2-7 shows the expanded emulation boot mode table.

Following are two examples of an emulation boot.

2.2.9.1 Example 1: Debug an application that loads through the SCI at boot.

To debug an application that loads through the SCI at boot, follow these steps:

» Configure the pins for mode 1, SCI, and initiate a power-on-reset.

* The boot ROM will detect TRST = 0 and will use the two pins to determine SCI boot.
* The boot ROM populates EMU_KEY with 0Ox55AA and EMU_BMODE with SCI_BOOT.

* The boot ROM waits in the SCI loader for data.
» Connect the debugger. TRST will go high.

» Perform a debugger reset and run. The boot loader will use the EMU_BMODE and boot to SCI.
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2.2.9.2 Example 2: You want to connect your JTAG debug probe, but do not want application code to
start executing before the JTAG debug probe connects.

To connect your JTAG debug probe, but keep application code from executing before the JTAG debug probe

connects:

» Configure GPIO37 and GPIO34 pins for mode 2, WAIT, and initiate a power-on-reset.

*  The boot ROM will detect TRST = 0 and will use the two pins to determine wait boot.

* The boot ROM populates EMU_KEY with 0Ox55AA and EMU_BMODE with WAIT_BOOT.

*  The boot ROM waits in the wait routine.

» Connect the debugger; TRST will go high.

* Modify the EMU_BMODE via the debugger to boot to FLASH or other desired boot mode.

» Perform a debugger reset and run. The boot loader will use the EMU_BMODE and boot to the desired loader
or location.

Note

The behavior of JTAG debug probes with regards to TRST differs. Some JTAG debug probes pull
TRST high only when Code Composer Studio is in a connected state. For these JTAG debug probes,
if CCS is disconnected TRST will return to a low state. With CCS disconnected, GPI034 and GPIO37
will be used to determine the boot mode. For these JTAG debug probes, this is true even if the JTAG
debug probe pod is physically connected.

Some JTAG debug probes pull TRST high when CCS connects and leave it high as long as the
power sense pin is active. TRST will remain high even after CCS disconnects. For these JTAG debug
probes, the EMU mode stored in RAM will be used unless the target is power cycled, causing the
state of TRST to reset back to a low state.

The following boot modes are invoked by the state of the boot mode pins if an JTAG debug probe is not
connected:

« Wait

This device does not support the hardware wait-in-reset mode that is available on other C2000 parts. The
"wait" boot mode can be used to emulate a wait-in-reset mode. The "wait" mode is very important for
debugging devices with the CSM password programmed (that is, secured). When the device is powered

up, the CPU will start running and may execute an instruction that performs an access to a emulation code
security logic (ECSL) protected area. If this happens, the ECSL will trip and cause the JTAG debug probe
connection to be broken. The "wait" mode keeps this from happening by looping within the boot ROM until a
JTAG debug probe is connected

This mode writes WAIT_BOOT to EMU_BMODE. Once the JTAG debug probe is connected you can then
manually populate the EMU_BMODE with the appropriate boot mode for the debug session.
« SCI

In this mode, the boot ROM will load code to be executed into on-chip memory via the SCI-A port. When
invoked as a stand-alone mode, the boot ROM writes SCI_BOOT to EMU_BMODE.
» Parallel I/O 8-bit

The parallel 1/0 boot mode is typically used only by production flash programmers.
* GetMode

The GetMode option uses two locations within the OTP to determine the boot mode. On an unprogrammed
device this mode will always boot to flash. On a programmed device, you can choose to program these
locations to change the behavior. If either of these locations is not an expected value, then boot to flash will
be used.

The values used by the Get_Mode() function are shown in Table 2-6.
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Table 2-6. OTP Values for GetMode

Address Name Value
GetMode will be entered if one of the two conditions is true:
Case 1: TRST == 0, GPIO34 == 1 and GPIO37 == 1
Case 2: TRST == 1, EMU_KEY == 0x55AA and EMU_BMODE == GET_BOOT
0x3D 7BFE OTP_KEY -
- GetMode first checks the value of OTP_KEY:
if OTP_KEY == 0x55AA, then check OTP_BMODE for the boot mode
else { Invalid key: Boot mode = FLASH_BOOT }
0x0001 Boot mode = SCI_BOOT
0x0004 Boot mode = SPI_BOOT
0x0005 Boot mode = 12C_BOOT (1)
0x3D 7BFF OTP_BMODE
0x0006 Boot mode = OTP_BOOT
0x0007 Boot mode = CAN_BOOT
Other Boot mode = FLASH_BOOT

(1)

The 12C boot loader uses GPIO32 and GPIO33, which are not available on all packages.

The following boot modes are available through the emulation boot option. Some are also available as a
programmed get mode option.

.

Jump to MO SARAM

This mode is only available in emulation boot. The boot ROM software configures the device for 28x
operation and branches directly to address 0x000000. This is the first address in the MO memory block.

Jump to branch instruction in Flash memory.

Jump to Flash is the default behavior of the Get Mode boot option. Jump to flash is also available as an
emulation boot option.

In this mode, the boot ROM software configures the device for 28x operation and branches directly to location
0x3F 7FF6. This location is just before the 128-bit code security module (CSM) password locations. You are
required to have previously programmed a branch instruction at location 0x3F 7FF6 that will redirect code
execution to either a custom boot-loader or the application code.

SPI EEPROM or Flash boot mode (SPI-A)

Jump to SPI is available in stand-alone mode as a programmed Get Mode option. That is, to configure a
device for SPI boot in stand-alone mode, the OTP_KEY and OTP_BMODE locations must be programmed
for SPI_BOOQOT and the boot mode pins configured for the Get Mode boot option.

SPI boot is also available as an emulation boot option.

In this mode, the boot ROM will load code and data into on-chip memory from an external SPI EEPROM or
SPI flash via the SPI-A port.

12C-A boot mode (12C-A)

Jump to 12C is available in stand-alone mode as a programmed Get mode option. That is, to configure a
device for 12C boot in stand-alone mode, the OTP_KEY and OTP_BMODE locations must be programmed
for 1I2C_BOOT and the boot mode pins configured for the Get Mode boot option.

I12C boot is also available as an emulation boot option.

In this mode, the boot ROM will load code and data into on-chip memory from an external serial EEPROM or
flash at address 0x50 on the 12C-A bus.

194

TMS320F2803x Microcontrollers SPRUI10A — DECEMBER 2018 — REVISED JUNE 2022
Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUI10
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUI10A&partnum=F2803X

13 TEXAS
INSTRUMENTS

www.ti.com

Boot ROM

* eCAN-A boot mode (eCAN-A)

Jump to eCAN is available in stand-alone mode as a programmed Get mode option. That is, to configure a
device for eCAN boot in stand-alone mode, the OTP_KEY and OTP_BMODE locations must be programmed
for CAN_BOOT and the boot mode pins configured for the Get Mode boot option. eCAN boot is also available
as an emulation boot option. In this mode, the eCAN-A peripheral is used to transfer data and code into the
on-chip memory using eCAN-A mailbox 1. The transfer is an 8-bit data stream with two 8-bit values being
transferred during each communication.

Table 2-7. Emulation Boot Modes (TRST = 1)

EMU EMU OTP OTP EMU EMU
KEY BMODE KEY BMODE KEY BMODE
TRST GFT’:;){;’W GPIO34 |Read Read Read Read Boot Mode Selected | vritten | Written
from from from from to to
0x0D00 0x0D01 0x3D7BFE 0x3D7BFF 0x0D00 0x0D01
1 x @ X 1=0x55AA X X X Wait - -
0x55AA 0x0000 X X Parallel /0 - -
0x0001 X X SCI - -
0x0002 X X Wait - -
0x0003 I= Ox55AA X GetMode: Flash - -
0x55AA 0x0001 GetMode: SCI - -
0x0003 GetMode: Flash - -
0x0004 GetMode: SPI - -
0x0005 GetMode: 12C ® - -
0x0006 GetMode: OTP - -
0x0007 GetMode: CAN -

Other GetMode: Flash - -
0x0004 X X SPI - -
0x0005 X X 12C © - -
0x0006 X X OoTP - -
0x0007 X X CAN - -
0x000A X X Boot to RAM - -
0x000B X X Boot to FLASH - -

Other X X Wait - B

1. Get Mode indicated the boot mode was derived from the values programmed in the OTP_KEY and

OTP_BMODE locations.
2. x=don't care.
3. 12C uses GPIO32 and GPIO33 which are not available on all packages.
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Table 2-8. Standalone Boot Modes (TRST = 0)
EMU EMU OTP OTP EMU EMU
e KEY BMODE KEY BMODE S KEY(@) BMODE®)
—— oot Mode
TRST TDO GPl034 Read Read Read Read Selected(!) Written Written
from from from from to to
0x0D00 0x0D01 0x3D7BFE 0x3D7BFF 0x0D00 0x0DO01
0 x @) X X X Parallel I/O 0x55AA 0x0000
X X X X SCI 0x55AA 0x0001
1 0 X X X X Wait 0x55AA 0x0002
1=0x55AA X GetMode: Flash
0x0001 GetMode: SCI
0x0003 GetMode: Flash
0x0004 GetMode: SPI
1 1 X X 0x55AA 0x0003
Ox55AA 0x0005 GetMode: 12C
0x0006 GetMode: OTP
0x0007 GetMode: CAN
Other GetMode: Flash

M

Get Mode indicates the boot mode was derived from the values programmed in the OTP_KEY and OTP_BMODE locations.

(2) The boot ROM will write this value to EMU_KEY and EMU_BMODE. This value can be used or overwritten by the user if a debugger is
connected.
(3) x=don't care.
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2.2.10 Device_Cal

The Device_cal() routine is programmed into Tl reserved memory by the factory. The boot ROM automatically
calls the Device_cal() routine to calibrate the internal oscillators and ADC with device specific calibration data.
During normal operation, this process occurs automatically and no action is required by the user.

If the boot ROM is bypassed by Code Composer Studio™ IDE during the development process, then the
calibration must be initialized by the application. For working examples, see the system initialization function
InitSysCitri(), in C2000Ware.

Note
Failure to initialize these registers will cause the oscillators and ADC to function out of specification.
The following three steps describe how to call the Device cal routine from an application.

Step 1: Create a pointer to the Device_cal() function as shown in Example 2-2. This #define is included in
C2000Ware.

Step 2: Call the function pointed to by Device cal as shown in Example 2-2. The ADC clocks must be enabled
before making this call.

Example 2-2. Calling the Device_cal() function

//Device call is a pointer to a function
//that begins at the address shown
# define Device cal (void(*) (void))0x3D7C80
EALLOW;
SysCtrlRegs.PCLKCRO.bit.ADCENCLK
(*Device cal) ();
SysCtrlRegs.PCLKCRO.bit .ADCENCLK = O;
EDIS;

1;

2.2.11 Bootloader Data Stream Structure

The basic structure is the same for all the bootloaders and is based on the C54x source data stream generated
by the C54x hex utility. The C28x hex utility (hex2000.exe) has been updated to support this structure. The
hex2000.exe utility is included with the C2000 code generation tools. All values in the data stream structure are
in hex.

The first 16-bit word in the data stream is known as the key value, which is 0OXO8AA. If a bootloader receives an
invalid key value, then the load is aborted.

The next eight words are used to initialize register values or otherwise enhance the bootloader by passing
values to it. If a bootloader does not use these values then they are reserved for future use and the bootloader
simply reads the value and then discards it. Only the SPI and 12C bootloaders use these words to initialize
registers.

The tenth and eleventh words comprise the 22-bit entry point address. This address is used to initialize the PC
after the boot load is complete. This address is most likely the entry point of the program downloaded by the
bootloader.

The twelfth word in the data stream is the size of the first data block to be transferred. The size of the block

is defined for 8-bit data stream format as the number of 16-bit words in the block. For example, to transfer a
block of twenty 8-bit data values from an 8-bit data stream, the block size would be 0x000A to indicate ten 16-bit
words.

The next two words indicate to the loader the destination address of the block of data. Following the size and
address will be the 16-bit words that form that block of data.
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This pattern of block size/destination address repeats for each block of data to be transferred. Once all the
blocks have been transferred, a block size of 0x0000 signals to the loader that the transfer is complete. At this
point the loader will return the entry point address to the calling routine which in turn will cleanup and exit.
Execution will then continue at the entry point address as determined by the input data stream contents.

In 8-bit mode, the least significant byte (LSB) of the word is sent first followed by the most significant byte (MSB).
For 32-bit values, such as a destination address, the most significant word (MSW) is loaded first, followed by the
least significant word (LSW). The bootloaders take this into account when loading an 8-bit data stream. Table 2-9
and Example 2-3 show the structure of the incoming data stream to the bootloader.

Table 2-9. LSB/MSB Loading Sequence in 8-bit Data Stream

Contents
Byte LSB (First Byte of 2) MSB (Second Byte of 2)
1 2 LSB: AA (KeyValue for memory width = 8 bits) MSB: 08h (KeyValue for memory width = 8 bits)
3 4  LSB: Register initialization value or reserved MSB: Register initialization value or reserved
5 6 LSB: Register initialization value or reserved MSB: Register initialization value or reserved
7 8 LSB: Register initialization value or reserved MSB: Register initialization value or reserved
17 18 LSB: Register initialization value or reserved MSB: Register initialization value or reserved
19 20 LSB: Upper half of Entry point PC[23:16] MSB: Upper half of entry point PC[31:24] (Always 0x00)
21 22 LSB: Lower half of Entry point PC[7:0] MSB: Lower half of Entry point PC[15:8]
23 24  LSB: Block size in words of the first block to load. If the MSB: block size
block size is 0, this indicates the end of the source program.
Otherwise another block follows. For example, a block size of
0x000A would indicate 10 words or 20 bytes in the block.
25 26 LSB: MSW destination address, first block Addr[23:16] MSB: MSW destination address, first block Addr[31:24]
27 28 LSB: LSW destination address, first block Addr[7:0] MSB: LSW destination address, first block Addr[15:8]
29 30 LSB: First word of the first block being loaded MSB: First word of the first block being loaded
LSB: Last word of the first block to load MSB: Last word of the first block to load
LSB: Block size of the second block MSB: Block size of the second block
LSB: MSW destination address, second block Addr[23:16] MSB: MSW destination address, second block Addr{31:24]
LSB: LSW destination address, second block Addr{7:0] MSB: LSW destination address, second block Addr{15:8]
LSB: First word of the second block being loaded MSB: First word of the second block being loaded
LSB: Last word of the second block MSB: Last word of the second block
LSB: Block size of the last block MSB: Block size of the last block
LSB: MSW of destination address of last block Addr[23:16] MSB: MSW destination address, last block Addr[31:24]
LSB: LSW destination address, last block Addr[7:0] MSB: LSW destination address, last block Addr[15:8]
LSB: First word of the last block being loaded MSB: First word of the last block being loaded
LSB: Last word of the last block MSB: Last word of the last block
n n+1 LSB: 00h MSB: 00h - indicates the end of the source
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Example 2-3. Data Stream Structure 8-bit
AA 08 ; 0x08AA 8-bit key value
00 00 00 00 ; 8 reserved words
00 00 00 00
00 00 00 00
00 00 00 00
3F 00 00 80 ; 0x003F8000 EntryAddr, starting point after boot load completes
05 00 ; 0x0005 - First block consists of 5 16-bit words
3F 00 10 90 ; 0x003F9010 - First block will be loaded starting at O0x3F9010
01 00 ; Data loaded = 0x0001 0x0002 0x0003 0x0004 0x0005
02 00
03 00
04 00
05 00
02 00 ; 0x0002 - 2nd block consists of 2 16-bit words
3F 00 00 80 ; 0x003F8000 - 2nd block will be loaded starting at 0x3F8000
00 77 ; Data loaded = 0x7700 0x7625
25 76
00 00 ; 0x0000 - Size of 0 indicates end of data stream
After load has completed the following memory values will have been initialized as follows:
Location Value
0x3F9010 0x0001
0x3F9011 0x0002
0x3F9012 0x0003
0x3F9013 0x0004
0x3F9014 0x0005
0x3F8000 0x7700
0x3F8001 0x7625
PC Begins execution at 0x3F8000
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2.2.12 Basic Transfer Procedure

Figure 2-6 illustrates the basic process a bootloader uses to transfer data and start program execution. This

process occurs after the bootloader determines the valid boot mode selected by the state of the TRST and GPIO
pins.

The bootloader compares the first word sent by the host against the key value of 0x08AA. If the first word
matches the key value, the loader continuously fetches data until it transfers all the hex words and then starts

program execution. But, if the key does not match the key value, then the loader aborts and the CPU jumps to
the default flash entry point.

Read first word (W1)

Data format error
Return flash
entry point

W2:W1=
O0x08AA
?

. 8-bit
Read EntryPoint address DataSIize
Read BlockSize (R)
Yes Return
EntryPoint

No

Read BlockAddress

Transfer R words of
data from source to
destination

Figure 2-6. Bootloader Basic Transfer Procedure

Note

See the info specific to a particular bootloader for any limitations. In 8-bit mode, the LSB of the 16-bit
word is read first followed by the MSB.
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2.2.13 InitBoot Assembly Routine

The first routine called after reset is the InitBoot assembly routine. This routine initializes the device for operation
in C28x object mode. InitBoot also performs a dummy read of the Code Security Module (CSM) password
locations. If the CSM passwords are erased (all OxFFFFs) then this has the effect of unlocking the device.
Otherwise the device will remain locked and this dummy read of the password locations will have no effect. This
can be useful if you have a new device that you want to boot load.

After the dummy read of the CSM password locations, the InitBoot routine calls the SelectBootMode function.
This function determines the type of boot mode desired by the state of TRST and certain GPIO pins. This
process is described in Section 2.2.14. Once the boot is complete, the SelectBootMode function passes back the
entry point address (EntryAddr) to the InitBoot function. The EntryAddr is the location where code execution will
begin after the bootloader exits. /nitBoot then calls the ExitBoot routine that then restores CPU registers to their
reset state and exits to the EntryAddr that was determined by the boot mode.

< Init Boot ’

Initialize device

OBJMODE=1
AMODE =0 Dummy read of call Call

MOM1MAP=1 CSM password SelectBootMode() ExitBoot{()

DP=0 locations
OVM =0
SPM= 0

SP = 0x400

Figure 2-7. Overview of InitBoot Assembly Function

2.2.14 SelectBootMode Function

To determine the desired boot mode, the SelectBootMode function examines the state of TRST and 2 GPIO pins
as shown in Table 2-4.

For a boot mode to be selected, the pins corresponding to the desired boot mode have to be pulled low or high
until the selection process completes. Note that the state of the selection pins is not latched at reset; they are
sampled some cycles later in the SelectBootMode function. The internal pullup resistors are enabled at reset for
the boot mode selection pins. It is still suggested that the boot mode configuration be made externally to avoid
the effect of any noise on these pins.

Note

The SelectBootMode routine disables the watchdog before calling the SCI, 12C , SPI, or parallel
bootloaders. The bootloaders do not service the watchdog and assume that it is disabled. Before
exiting, the SelectBootMode routine will re-enable the watchdog and reset its timer.

If a bootloader is not going to be called, then the watchdog is left untouched.

When selecting a boot mode, the pins should be pulled low or high through a weak pulldown or weak pull-up
such that the device can drive them to a new state when required.
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SelectBootMode
EntryAddr=OTP Entry |
DIVSEL=/1 Point 0x3D 7800
ADCENCLK=1
Call DEVICE_CAL()
ADCENCLK=0
Read CSM Password
- EntryAddr=SARAM N
TDO is a GPIO Entry Point 0x00 0000
Boot Mode=
GPIO37:GPIO34
*EMU_KEY=0x55AA
*EMU_MODE=Boot Mode
EntryAddr=
SCI_Boot() |
Invalid EMU_KEY
Boot Mode=WAIT | |
EntryAddr=
SPI_Boot() |
y
WaitBoot()
EntryAddr= N
12C_Boot()
Boot Mode=Get_Mode() _
Returns FLASH if Either EntryAddr= N
the OTP_KEY or ParaIIeI_IO_Boot()
OTP_MODE is Invalid
EntryAddr=
EntryAddr=Flash Entry CAN_Boot() >
Point 0x3F 7FF6
This Point is Reached if
TRST=1,
Invalid EMU MODE *EMU_KEY is Valid and
WaitBoot() *EMU_MODE is Valid.

(Return EntryAddr)q—I Enable Watchdog ||<

Figure 2-8. Overview of the SelectBootMode Function

Note

Throughout the SelectBootMode function code there are various references to a 32-pin package. This
is a Tl test package and can be ignored when considering the 2803x device boot mode selection.

202 TMS320F2803x Microcontrollers SPRUI10A — DECEMBER 2018 — REVISED JUNE 2022
Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUI10
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUI10A&partnum=F2803X

13 TEXAS
INSTRUMENTS

www.ti.com

Boot ROM

Get_mode()
Function

OTP_KEY=
0x55AA
?

SCI_BOOT

Mode=

SPI_BOOT

Mode=

4

Mode=
12C_BOOT

Mode=
OTP_BOOT

4

Mode=
CAN_BOOT

4

( Return Mode ‘,4 Y Y

Mode=
FLASH_BOOT

—®

Figure 2-9. Overview of Get_mode() Function
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2.2.15 CopyData Function

All bootloaders use the same function to copy data from the port to the device's SARAM. This function is the
CopyData() function. This function uses a pointer to a GetWordData function that is initialized by each of the
loaders to properly read data from that port. For example, when the SPI loader is evoked, the GetWordData
function pointer is initialized to point to the SPI-specific SPI_GetWordData function. Thus when the CopyData()
function is called, the correct port is accessed. The flow of the CopyData function is shown in Figure 2-10.

‘ CopyData ,

Call peripheral-specific
GetWordData to read
BlockHeader.BlockSize

BlockSize=
0x0000
?

Return

Call GetLongData
to read
BlockHeader.DestAddr

Transfer
BlockHeader.BlockSize
words of data from
port to memory
starting at DestAddr

Figure 2-10. Overview of CopyData Function

2.2.16 SCI_Boot Function

The SCI boot mode asynchronously transfers code from SCI-A to internal memory. This boot mode only
supports an incoming 8-bit data stream and follows the same data flow as outlined in Example 2-3.

’ SCIRXDA
N Host
28x (Data and program
SCITXDA R source)

Figure 2-11. Overview of SCI Bootloader Operation

The SCI-A loader uses following pins:

+ SCIRXDA on GPI1028
» SCITXDA on GPIO29

The 28x device communicates with the external host device through the SCI-A peripheral. The autobaud feature
of the SCI port is used to lock baud rates with the host. For this reason the SCI loader is very flexible and you
can use a number of different baud rates to communicate with the device.
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After each data transfer, the 28x will echo back the 8-bit character received to the host. In this manner, the host
can perform checks that each character was received by the 28x.

At higher baud rates, the slew rate of the incoming data bits can be affected by transceiver and connector
performance. While normal serial communications may work well, this slew rate may limit reliable auto-baud
detection at higher baud rates (typically beyond 100kbaud) and cause the auto-baud lock feature to fail. To avoid
this, the following is recommended:

1. Achieve a baud-lock between the host and 28x SCI bootloader using a lower baud rate.

2. Load the incoming 28x application or custom loader at this lower baud rate.

3. The host may then handshake with the loaded 28x application to set the SCI baud rate register to the
desired high baud rate.

( SCI_Boot }

Set GetWord function pointer
to SCIA_GetWordData

v

Enable the SCI-A clock
set the LSPOLK to /4 Echo autobaud character

I

Enable the SCIA TX and RX pin Read KeyValue
functionality and pullups on
TX and RX

Valid

KeyValue

(0Ox08AA)
?

Setup SCI-A for
1 stop, 8-bit character,
no parity, use internal
SC clock, no loopback,
disable Rx/Tx interrupts

Jump to Flash )

Yes
Read and discard 8
Disable SCI FIFOs reserved words
Prime SCI-A baud register Read EntryPoint address
Enable autobaud detection Call CopyData

Autobaud

lock
?

Return
EntryPoint

Figure 2-12. Overview of SCI_Boot Function
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Data

( SCIA_GetWordData Received
?

Read LSB

Echoback LSB
to host

No

Data
Received
2

No

Read MSB

Echoback MSB
to host

—( Return MSB:LSB )

Figure 2-13. Overview of SCI_GetWordData Function

2.2.17 Parallel_Boot Function (GPIO)

The parallel general purpose 1/0 (GPIO) boot mode asynchronously transfers code from GPIO0 -GPIO5,
GPIO30-GPIO31 to internal memory. Each value is 8 bits long and follows the same data flow as outlined

in Section 2.2.11.

28x control — AIO6

28x <

Host control — AIO12

v

Data GP 1/0 port GPIO[31,30,5:0]

(Data and program

Host

source)

Figure 2-14. Overview of Parallel GPIO Bootloader Operation

The parallel GPIO loader uses following pins:
» Data on GPIO[31,30,5:0]

» 28x Control on AIO6 (external pull-up resistor may be required)
* Host Control on AlO12 (external pull-up resistor required)

The 28x communicates with the external host device by polling/driving the AIO12 and AIOG lines. An external
pull-up resistor is required for AIO12 because AlO pins lack internal pull-up circuitry required to prevent the
28x from reading data prematurely. Depending on your system an external pull-up may also be required on
AlO6. The handshake protocol shown in Figure 2-15 must be used to successfully transfer each word via GPIO
[31,30,5:0]. This protocol is very robust and allows for a slower or faster host to communicate with the 28x.

Two consecutive 8-bit words are read to form a single 16-bit word. The most significant byte (MSB) is read first
followed by the least significant byte (LSB). In this case, data is read from GPI0[31,30,5:0].

The 8-bit data stream is shown in Table 2-10.
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Table 2-10. Parallel GPIO Boot 8-Bit Data Stream

Bytes GPIO[ 31,30,5:0] GPIO[ 31,30,5:0] Description

(Byte 1 of 2) (Byte 2 of 2)
1 2 AA 08 0x08AA (KeyValue for memory width = 8bits)
3 4 00 00 8 reserved words (words 2 - 9)
17 18 00 00 Last reserved word
19 20 BB 00 Entry point PC[22:16]
21 22 DD cC Entry point PC[15:0] (PC = 0x00BBCCDD)
23 24 NN MM Block size of the first block of data to load = 0OXMMNN words
25 26 BB AA Destination address of first block Addr[31:16]
27 28 DD CcC Destination address of first block Addr[15:0] (Addr = OXAABBCCDD)
29 30 BB AA First word of the first block in the source being loaded = 0XAABB
Bata for this section.
BB AA Last word of the first block of the source being loaded = OXAABB
NN MM Block size of the 2nd block to load = 0OXMMNN words
BB AA Destination address of second block Addr[31:16]
DD CcC Destination address of second block Addr[15:0]
BB AA First word of the second block in the source being loaded
n n+1 BB AA Last word of the last block of the source being loaded
(More sections if required)
n+2 n+3 00 00 Block size of 0000h - indicates end of the source program

The 28x device first signals the host that it is ready to begin data transfer by pulling the AlO6 pin low. The host

load then initiates the data transfer by pulling the AlO12 pin low. The complete protocol is shown in Figure 2-15.

00 9O 60

Host control ‘
AlO12 } ‘ | }
[ [
28x control [ \ [
AlO6 [

Figure 2-15. Parallel GPIO Boot Loader Handshake Protocol

N —

data is ready by pulling the AlO12 pin low.

The 28x device indicates it is ready to start receiving data by pulling the AlO6 pin low.
The bootloader waits until the host puts data on GPIO [31,30,5:0]. The host signals to the 28x device that

3. The 28x device reads the data and signals the host that the read is complete by pulling AlO6 high.
4. The bootloader waits until the host acknowledges the 28x device by pulling AlIO12 high.
5. The 28x device again indicates it is ready for more data by pulling the AIO6 pin low.

This process is repeated for each data value to be sent.

Figure 2-16 shows an overview of the Parallel GPIO bootloader flow.
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( Parallel_Boot )
A4 -

Initialize GP 1/0 MUX Read and dd'scaéd 8

and Dir registers reserved words

GPIO[7:0] = input

GPIO12 = input
GPI1016=output -

Enable pullups on Read EntryPoint

GPIO[7:0], GPIO18, address
and GPIO12
Call
CopyData
Valid
( Jump to Flash KeyValue
(OX08AA)
Return
EntryPoint
Figure 2-16. Parallel GPIO Mode Overview
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Figure 2-17 shows the transfer flow from the host side. The operating speed of the CPU and host are not critical
in this mode as the host will wait for the 28x device, and the 28x device will in turn wait for the host. In this
manner the protocol will work with both a host running faster and a host running slower than the 28x device.

C Start transfer )

No 28x ack

(AIO?6=1)

Load GPIO[31,30,5:0] with data

Yes

Slgr;sa Iréhaadtydata Acknowledge 28x
(AI012=0) (Al012=1)

C End transfer )

Figure 2-17. Parallel GPIO Mode - Host Transfer Flow

Figure 2-18 show the flow used to read a single word of data from the parallel port.

¢ 8-bit data stream

The 8-bit routine, shown in Figure 2-18, discards the upper 8 bits of the first read from the port and treats the
lower 8 bits masked with GPIO31 in bit position 7 and GPIO30 in bit position 6 as the least significant byte

(LSB) of the word to be fetched. The routine will then perform a second read to fetch the most significant byte
(MSB). It then combines the MSB and LSB into a single 16-bit value to be passed back to the calling routine.
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Parallel_GetWordData
8 bit

Signal host that 28x is ready Signal host that 28x
is ready to read MSB
(AIO6 = 0) (AlIO6 = 0)

Data

ready

(AlIO12 =0)
?

Data
ready

(AIO12 = 0)
?

Yes Yes
Read word of data _Read GPIO[15:0]
from GPI0[31,30,5:0] with GPIO[31:30] masked
into GPI0[7:6] for LSB of data,
Discard GPIO[15:8],
repeat for MSB of data.
28x ack read complete
(AIO6 = 1)
28x ack read complete
(AlIO6 = 1)
Host
ack No
(AlIO12 =1)
? Host
ack
(AlIO12 =1
Yes 2

Yes

WordData = MSB:LSB

®

Figure 2-18. 8-Bit Parallel GetWord Function

( Return WordData )
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2.2.18 SPI_Boot Function

The SPI boot ROM loader initializes the SPI module to interface to a SPI-compatible, 16-bit or 24-bit
addressable serial EEPROM or flash device.

It expects such a device to be present on the SPI-A pins as indicated in Figure 2-19. The SPI bootloader
supports an 8-bit data stream. It does not support a 16-bit data stream.

Serial SPI
EEPROM
SPISIMOA DIN
28x SPISOMIA DOUT
SPICLKA CLK
SPIESTEA cs

Figure 2-19. SPI Loader

The SPI-A loader uses following pins:
+ SPISIMOA on GPIO16

+ SPISOMIA on GPIO17

+ SPICLKA on GPIO18

+ SPISTEA on GPIO19

The SPI boot ROM loader initializes the SPI with the following settings: FIFO enabled, 8-bit character, internal
SPICLK master mode and talk mode, clock phase = 1, polarity = 0, using the slowest baud rate.

If the download is to be performed from an SPI port on another device, then that device must be setup to operate
in the slave mode and mimic a serial SPI EEPROM. Immediately after entering the SPI_Boot function, the pin
functions for the SPI pins are set to primary and the SPI is initialized. The initialization is done at the slowest
speed possible. Once the SPI is initialized and the key value read, you could specify a change in baud rate or
low speed peripheral clock.

Table 2-11. SPI 8-Bit Data Stream

Byte Contents

1 LSB: AA (KeyValue for memory width = 8-bits)
MSB: 08h (KeyValue for memory width = 8-bits)
LSB: LOSPCP
MSB: SPIBRR

LSB: reserved for future use

D b~ WON

MSB: reserved for future use

Data for this section.

17 LSB: reserved for future use

18 MSB: reserved for future use

19 LSB: Upper half (MSW) of Entry point PC[23:16]

20 MSB: Upper half (MSW) of Entry point PC[31:24] (Note: Always 0x00)
21 LSB: Lower half (LSW) of Entry point PC[7:0]

22 MSB: Lower half (LSW) of Entry point PC[15:8]

Data for this section.

Blocks of data in the format size/destination address/data as shown in the generic data stream description
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Table 2-11. SPI 8-Bit Data Stream (continued)
Byte Contents

Data for this section.

n LSB: 00h
n+1 MSB: 00h - indicates the end of the source

The data transfer is done in "burst" mode from the serial SPI| EEPROM. The transfer is carried out entirely in
byte mode (SPI at 8 bits/character). A step-by-step description of the sequence follows:

1. The SPI-A port is initialized

2. The GPIO19 (SPISTE) pin is used as a chip-select for the serial SPI EEPROM or flash

3. The SPI-A outputs a read command for the serial SPI| EEPROM or flash

4. The SPI-A sends the serial SPI EEPROM an address 0x0000; that is, the host requires that the EEPROM or
flash must have the downloadable packet starting at address 0x0000 in the EEPROM or flash. The loader is
compatible with both 16-bit addresses and 24-bit addresses.

5. The next word fetched must match the key value for an 8-bit data stream (OxO8AA). The least significant
byte of this word is the byte read first and the most significant byte is the next byte fetched. This is true of
all word transfers on the SPI. If the key value does not match, then the load is aborted and the device will
branch to the flash entry point address.

6. The next two bytes fetched can be used to change the value of the low speed peripheral clock register
(LOSPCP) and the SPI baud rate register (SPIBRR). The first byte read is the LOSPCP value and the
second byte read is the SPIBRR value. The next 7 words are reserved for future enhancements. The SPI
bootloader reads these 7 words and discards them.

7. The next two words makeup the 32-bit entry point address where execution will continue after the boot load
process is complete. This is typically the entry point for the program being downloaded through the SPI port.

8. Multiple blocks of code and data are then copied into memory from the external serial SPI EEPROM through
the SPI port. The blocks of code are organized in the standard data stream structure presented earlier. This
is done until a block size of 0x0000 is encountered. At that point in time the entry point address is returned to
the calling routine that then exits the bootloader and resumes execution at the address specified.
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SPI_Boot
Enable the SPI-A clock )
Set the LSPCLK to 4 Ke\f\ﬂ/';?ue P
l (OxO§AA) ump to Flas )
Enable SPISIMOA, )
SPISOMI and SPICLKA
pin functionality and enable Yes
pullups on those pins
I [ Read LOSPCP value |~ change LosPCP |
Set up SPI-A for
8-bit character,
Use internal SPI clock,
master mode
Use slowest baud rate (0x7F)
Relinquish SPI-A from reset
! Read SPIBRR value || Change SPIBRR
Set chip enable high
(GPI1019)
Enable EEPROM
Send read command and Read and discard 7
start at EEPROM address reserved words
0x0000 l
J' Read EntryPoint Return
Read KeyValue I address 'I Call CopyData EntryPoint
Figure 2-20. Data Transfer From EEPROM Flow
Data No
Send dummy ;
(SPIA_GetWordData)—' character Recg)lved
Yes
[ Readiss |
Data No
Send dummy ;
character Rec?,'ved
Yes
[ Readvss |
(Return MsB:LSB)
Figure 2-21. Overview of SPIA_GetWordData Function
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2.2.19 12C Boot Function

The 12C bootloader expects an 8-bit wide 12C-compatible EEPROM device to be present at address 0x50 on the
I2C-A bus as indicated in Figure 2-22. The EEPROM must adhere to conventional 12C EEPROM protocol, as
described in this section, with a 16-bit base address architecture.

SDA SCL

SDAA p—mm—¢
28x

Master SCLA

12C
SDA EEPROM

SCL Slave Address
0x50

Figure 2-22. EEPROM Device at Address 0x50

The 12C loader uses following pins:

+ SDAA on GPIO 28
+ SCLA on GPIO 29

If the download is to be performed from a device other than an EEPROM, then that device must be set up to
operate in the slave mode and mimic the I2C EEPROM. Immediately after entering the 12C boot function, the
GPIO pins are configured for I2C-A operation and the 12C is initialized. The following requirements must be met
when booting from the 12C module:

* The input frequency to the device must be in the appropriate range.
* The EEPROM must be at slave address 0x50.

The bit-period prescalers (I2CCLKH and 12CCLKL) are configured by the bootloader to run the 12C at a

50 percent duty cycle at 100-kHz bit rate (standard I12C mode) when the system clock is 10 MHz. These registers
can be modified after receiving the first few bytes from the EEPROM. This allows the communication to be
increased up to a 400-kHz bit rate (fast 12C mode) during the remaining data reads.

Arbitration, bus busy, and slave signals are not checked. Therefore, no other master is allowed to control the
bus during this initialization phase. If the application requires another master during 12C boot mode, that master
must be configured to hold off sending any 12C messages until the application software signals that it is past the
bootloader portion of initialization.
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I12C_Boot

Set CopyWord function
pointer to
12C_CopyWord

!

Enable SDAA and
SCLA pins
Enable pullups on
SDAA and SCLA

NACK
received
?

Jump to Flash )

!

Read KeyValue

Enable 12C-A clock

v

Set slave address 0x50
12C prescaler I2CPSC =or 0

100-kHz bit rate

Enable TX/RX FIFOs to
receive 2 bytes.

Valid

KeyValue

(Ox08AA)
?

Yes

Jump to Flash )

!

Read 12CPSC value
Read I2CCLKH value
Read 12CCLKL value

Place 12C in master
transmitter mode
Set EEPROM address
pointer to 0x0000

Put 12c-Ain Reset
Set I2CPSC value
Set I2CCLKH value
Set I2CCLKL value
Bring 12C-A out of Reset

Read and discard 5
reserved words

!

Read EntryPoint
address

!

Call CopyData

Return
EntryPoint

Figure 2-23. Overview of 12C_Boot Function

The nonacknowledgment bit is checked only during the first message sent to initialize the EEPROM base
address. This is to make sure that an EEPROM is present at address 0x50 before continuing. If an EEPROM
is not present, code will The nonacknowledgment bit is not checked during the address phase of the data read
messages (12C_Get Word). If a non acknowledgment is received during the data read messages, the 12C bus
will hang. Table 2-12 shows the 8-bit data stream used by the 12C.
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Table 2-12. 12C 8-Bit Data Stream

Byte Contents
1 LSB: AA (KeyValue for memory width = 8 bits)
MSB: 08h (KeyValue for memory width = 8 bits)
LSB: 12CPSC[7:0]
reserved
LSB: I2CCLKHI[7:0]
MSB: 12CCLKHI[15:8]
LSB: I2CCLKL[7:0]
MSB: I12CCLKL[15:8]

0 N O g b~ ODN

Data for this section.

17 LSB: Reserved for future use

18 MSB: Reserved for future use

19 LSB: Upper half of entry point PC

20 MSB: Upper half of entry point PC[22:16] (Note: Always 0x00)
21 LSB: Lower half of entry point PC[15:8]

22 MSB: Lower half of entry point PC[7:0]

Data for this section.
Blocks of data in the format size/destination address/data as shown in the generic data stream description.

Data for this section.
LSB: 00h
n+1 MSB: 00h - indicates the end of the source

The 12C EEPROM protocol required by the 12C bootloader is shown in Figure 2-24 and Figure 2-25. The first
communication, which sets the EEPROM address pointer to 0x0000 and reads the KeyValue (0x08AA) from it, is
shown in Figure 2-24. All subsequent reads are shown in Figure 2-25 and are read two bytes at a time.

= E EC)
w
o = = [a)] b4 a8
Z o Ex 7] n <X N [¢)
5 2£Q & 2ER Q e 5
[TTTTTTTI[TTTTTTTI
SDALINE 10/10jo|0j00 0 1(0[1|o[ojojo[1]0
RN
Dewce Address Address Dewce DATABYTE 1 DATA BYTE 2
Address Pointer, MSB Pointer, LSB Address
Figure 2-24. Random Read

E S

o4 [a] o

< 5% 5 s O

(%) @< < zZ »

SDA LINE [TTTTTTTI[TTTTTTTT
1(0(1(0]0]0]0] 1|0
NN
Dewce DATA BYTE n DATA BYTE n+1
Address
Figure 2-25. Sequential Read
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2.2.20 eCAN Boot Function

The eCAN bootloader asynchronously transfers code from eCAN-A to internal memory. The host can be any
CAN node. The communication is first done with 11-bit standard identifiers (with a MSGID of 0x1) using two
bytes per data frame. The host can download a kernel to reconfigure the eCAN if higher data throughput is
desired.

The eCAN-A loader uses following pins:

+  CANRXA on GPIO30
+ CANTXA on GPIO31

PN
28x
2]
. a CAN
° prd host
<
&)
28x
~_"

Figure 2-26. Overview of eCAN-A Bootloader Operation

The bit-timing registers are programmed in such a way that a valid bit-rate is achieved for a 10 MHz internal
oscillator frequency as shown in Table 2-13.

Table 2-13. Bit-Rate Value for Internal Oscillators
OSCCLK SYSCLKOUT Bit Rate
10 MHz 10 MHz 100 kbps

The SYSCLKOUT values shown are the reset values with the default PLL setting. The BRP 4 and bit-time
values are hard-coded to 1 and 25, respectively.

Mailbox 1 is programmed with a standard MSGID of 0x1 for boot-loader communication. The CAN host should
transmit only 2 bytes at a time, LSB first and MSB next. For example, to transmit the word 0x08AA to the device,
transmit AA first, followed by 08. The program flow of the CAN bootloader is identical to the SCI bootloader. The
data sequence for the CAN bootloader is shown in Table 2-14.
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Table 2-14. eCAN 8-Bit Data Stream
Bytes Byte 1 of 2 Byte 2 of 2 Description
1 2 AA 08 0x08AA (KeyValue for memory width = 8bits)
3 4 00 00 reserved
5 6 00 00 reserved
7 8 00 00 reserved
9 10 00 00 reserved
11 12 00 00 reserved
13 14 00 00 reserved
15 16 00 00 reserved
17 18 00 00 reserved
19 20 BB 00 Entry point PC[22:16]
21 22 DD cC Entry point PC[15:0] (PC = 0OXAABBCCDD)
23 24 NN MM Block size of the first block of data to load = 0OXMMNN words
25 26 BB AA Destination address of first block Addr[31:16]
27 28 DD cC Destination address of first block Addr[15:0] (Addr = 0XAABBCCDD)
29 30 BB AA First word of the first block in the source being loaded = OxAABB
E).:;lta for this section.
BB AA Last word of the first block of the source being loaded = OXAABB
NN MM Block size of the 2nd block to load = 0OxXMMNN words
BB AA Destination address of second block Addr[31:16]
DD CcC Destination address of second block Addr[15:0]
BB AA First word of the second block in the source being loaded
n n+1 BB AA Last word of the last block of the source being loaded
(More sections if required)
n+2 n+3 00 00 Block size of 0000h - indicates end of the source program
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( CAN_Boot )

y

Set GetWord function point to
CANA_GetWordData

Enable the CAN-A-clock set to
LSPCLK to /4

y

Enable the CAN-ATX and RX pin
functionality on GP10 31 and 30

Configure BRP for 100 kbps
operation

v

Using Mailbox 1, Read
KeyValue

Valid
KeyValue
(0xX08AA)

Jump to Flash

Read and discard 8 reserved
words

Read EntryPoint address

Call CopyData

Return EntryPoint

Figure 2-27. CAN_Boot Function
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2.2.21 ExitBoot Assembly Routine

The Boot ROM includes an ExitBoot routine that restores the CPU registers to their default state at reset. This
is performed on all registers with one exception. The OBJMODE bit in ST1 is left set so that the device remains
configured for C28x operation. This flow is detailed in Figure 2-28:

I InitBoot I

:

Call
SelectBootMode

Call

BootLoader
?

Call Boot Loader

No

Call ExitBoot

:

Cleanup CPU
registers to default
value after reset*

:

Deallocate stack
(SP=0x400)

I Branch to EntryPoint I

Begin execution
at EntryPoint

Figure 2-28. ExitBoot Procedure Flow

The following CPU registers are restored to their default values:

« ACC = 0x0000 0000

« RPC = 0x0000 0000

+ P =0x0000 0000

» XT = 0x0000 0000

+ STO = 0x0000

+ ST1=0x0A0B

»  XARO = XAR7 = 0x0000 0000

After the ExitBoot routine completes and the program flow is redirected to the entry point address, the CPU
registers will have the following values as shown in Table 2-15.
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Table 2-15. CPU Register Restored Values
Register Value Register Value
ACC 0x0000 0000 P 0x0000 0000
XT 0x0000 0000 RPC 0x00 0000
XARO-XAR7 0x0000 0000 DP 0x0000
STO 0x0000 15:10 OVC =0 ST1 0x0AOB 15:13 ARP =0
9:7 PM=0 12 XF=0
6 V=0 11 MOM1MAP =1
5N=0 10 reserved
472=0 9 OBJMODE =1
3C=0 8 AMODE =0
2TC=0 7 IDLESTAT =0
1 OVM =0 6 EALLOW =0
0 SXM=0 5 LOOP =0
4 SPA=0
3 VMAP =1
2 PAGEO=0
1 DBGM =1
0 INTM=1

2.3 Building the Boot Table
This chapter explains how to generate the data stream and boot table required for the bootloader.
2.3.1 The C2000 Hex Utility

To use the features of the bootloader, you must generate a data stream and boot table as described in Section
2.2.11. The hex conversion utility tool, included with the 28x code generation tools, can generate the required
data stream including the required boot table. This section describes the hex2000 utility. An example of a file
conversion performed by hex2000 is described in Section 2.3.3.

The hex utility supports creation of the boot table required for the SCI, SPI, I12C, eCAN, and parallel I/O loaders.
That is, the hex utility adds the required information to the file such as the key value, reserved bits, entry point,
address, block start address, block length and terminating value. The contents of the boot table vary slightly
depending on the boot mode and the options selected when running the hex conversion utility. The actual file
format required by the host (ASCII, binary, or hex) will differ from one specific application to another and some
additional conversion may be required.

To build the boot table, follow these steps:
1. Assemble or compile the code.

This creates the object files that will then be used by the linker to create a single output file.
2. Link the file.

The linker combines all of the object files into a single output file in common object file format (COFF). The
specified linker command file is used by the linker to allocate the code sections to different memory blocks.
Each block of the boot table data corresponds to an initialized section in the COFF file. Uninitialized sections
are not converted by the hex conversion utility. The following options may be useful:

The linker -m option can be used to generate a map file. This map file will show all of the sections that were
created, their location in memory and their length. It can be useful to check this file to make sure that the
initialized sections are where you expect them to be.

The linker -w option is also very useful. This option will tell you if the linker has assigned a section to a
memory region on its own. For example, if you have a section in your code called ramfuncs.
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3. Run the hex conversion utility.

Choose the appropriate options for the desired boot mode and run the hex conversion utility to convert the
COFF file produced by the linker to a boot table.

Table 2-16 summarizes the hex conversion utility options available for the bootloader. See the TMS320C28x
Assembly Language Tools v18.1.0.LTS User's Guide for more information abut the compiling and linking
process, and for a detailed description of the hex2000 operations used to generate a boot table. Updates will be
made to support the 12C boot. See the Codegen release notes for the latest information.

Table 2-16. Bootloader Options

Option Description

-boot Convert all sections into bootable form (use instead of a SECTIONS directive)

-sci8 Specify the source of the bootloader table as the SCI-A port, 8-bit mode

-spi8 Specify the source of the bootloader table as the SPI-A port, 8-bit mode

-gpio8 Specify the source of the bootloader table as the GPIO port, 8-bit mode

-bootorg value Specify the source address of the bootloader table

-lospcp value Specify the initial value for the LOSPCP register. This value is used only for the spi8 boot table format and
ignored for all other formats. If the value is greater than Ox7F, the value is truncated to Ox7F.

-spibrr value Specify the initial value for the SPIBRR register. This value is used only for the spi8 boot table format and
ignored for all other formats. If the value is greater than 0x7F, the value is truncated to Ox7F.

-e value Specify the entry point at which to begin execution after boot loading. The value can be an address or a
global symbol. This value is optional. The entry point can be defined at compile time using the linker -e
option to assign the entry point to a global symbol. The entry point for a C program is normally _c_int00
unless defined otherwise by the -e linker option.

-i2c8 Specify the source of the bootloader table as the 12C-A port, 8-bit

-i2cpsc value Specify the value for the 12CPSC register. This value will be loaded and take effect after all 12C options are
loaded, prior to reading data from the EEPROM. This value will be truncated to the least significant eight bits
and should be set to maintain an 12C module clock of 7-12 MHz.

-i2cclkh value Specify the value for the I2CCLKH register. This value will be loaded and take effect after all 12C options are
loaded, prior to reading data from the EEPROM.

-i2cclkl value Specify the value for the I2CCLKL register. This value will be loaded and take effect after all 12C options are

loaded, prior to reading data from the EEPROM.

2.3.2 Example: Preparing a COFF File for eCAN Bootloading

This section shows how to convert a COFF file into a format suitable for CAN based bootloading. This example
assumes that the host sending the data stream is capable of reading an ASCII hex format file. An example
COFF file named GPIO34TOG.out has been used for the conversion.

Build the project and link using the -m linker option to generate a map file. Examine the .map file
produced by the linker. The information shown in Example 2-4 has been copied from the example map file
(GP1034TOG.map). This shows the section allocation map for the code. The map file includes the following

information:

* Output Section

This is the name of the output section specified with the SECTIONS directive in the linker command file.

* Origin

The first origin listed for each output section is the starting address of that entire output section. The following
origin values are the starting address of that portion of the output section.

* Length

The first length listed for each output section is the length for that entire output section. The following length
values are the lengths associated with that portion of the output section.
» Attributes/input sections

This lists the input files that are part of the section or any value associated with an output section.
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See the TMS320C28x Assembly Language Tools User's Guide for detailed information on generating a linker
command file and a memory map.

All sections shown in Example 2-4 that are initialized need to be loaded into the device in order for the code

to execute properly. In this case, the codestart, ramfuncs, .cinit, myreset and .text sections need to be loaded.

The other sections are uninitialized and will not be included in the loading process. The map file also indicates
the size of each section and the starting address. For example, the .text section has 0x155 words and starts at
0x3FA000.

Example 2-4. GPIO34TOG Map File

output attributes/
section page origin length input sections
codestart
0 00000000 00000002
00000000 00000002 DSP280x CodeStartBranch.obj (codestart)
.pinit 0 00000002 00000000
.switch 0 00000002 00000000 UNINITIALIZED
ramfuncs 0 00000002 00000016
00000002 00000016 DSP280x SysCtrl.obj (ramfuncs)
.cinit 0 00000018 00000019
00000018 0000000e rts2800 ml.lib : exit.obj (.cinit)
00000026 0000000a : lock.obj (.cinit)
00000030 00000001 --HOLE-- [fill = 0]
myreset 0 00000032 00000002
00000032 00000002 DSP280x CodeStartBranch.obj (myreset)
IQmath 0 003fa000 00000000 UNINITIALIZED
.text 0 003£a000 00000155
003£a000 00000046 rts2800 ml.lib : boot.obj (.text)

To load the code using the CAN bootloader, the host must send the data in the format that the bootloader
understands. That is, the data must be sent as blocks of data with a size, starting address followed by the data.
A block size of 0 indicates the end of the data. The HEX2000.exe utility can be used to convert the COFF file
into a format that includes this boot information. The following command syntax has been used to convert the
application into an ASCII hex format file that includes all of the required information for the bootloader:

Example 2-5. HEX2000.exe Command Syntax

C: HEX2000 GPIO34TOG.OUT -boot -gpio8 -a

Where:

- boot Convert all sections into bootable form.

- gpio8 Use the GPIO in 8-bit mode data format. The eCAN
uses the same data format as the GPIO in 8-bit mode.

- a Select ASCII-Hex as the output format.

The command line shown in Example 2-5 will generate an ASCII-Hex output file called GPIO34TOG.a00, whose
contents are explained in Example 2-6. This example assumes that the host will be able to read an ASCII hex
format file. The format may differ for your application. Each section of data loaded can be tied back to the map
file described in Example 2-4. After the data stream is loaded, the boot ROM will jump to the Entry point address
that was read as part of the data stream. In this case, execution will begin at 0Ox3FA0000.
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Example 2-6. GPIO34TOG Data Stream

AA 08 ;Keyvalue

00 00 00 00 0O 00 0O 00 ;8 reserved words

00 00 00 00 00 00 00 00

3F 00 00 AO ;Entrypoint 0x003FA000

02 00 ;Load 2 words - codestart section

00 00 00 00 ;Load block starting at 0x000000

7F 00 9A AO ;Data block 0x007F, O0xA09A

16 00 ;Load 0x0016 words - ramfuncs section
00 00 02 00 ;Load block starting at 0x000002

22 76 1F 76 2A 00 00 1A 01 00 06 CC FO ;Data = 0x7522, 0x761lF etc...

55 01 ;Load 0x0155 words - .text section
3F 00 00 A0 ;Load block starting at O0x003FA000
AD 28 00 04 69 FF 1F 56 16 56 1A 56 40 ;Data = 0x28AD, 0x4000 etc...

19 00 ;Load 0x0019 words - .cinit section
00 00 18 00 ;Load block starting at 0x000018
FF FF 00 BO 3F 00 00 00 FE FF 02 BO 3F ;Data = OxFFFF, 0xB000 etc...

00 00 00 00 00 FE FF 04 BO 3F 00 00 00

02 00 ;Load 0x0002 words - myreset section
00 00 32 00 ;Load block starting at 0x000032

00 00 00 00 ;Data = 0x0000, 0x0000

00 00 ;Block size of 0 - end of data

2.3.3 Example: Preparing a COFF File for SCI Bootloading

This section shows how to convert a COFF file into a format suitable for SCI- based bootloading. This example
assumes that the host sending the data stream is capable of reading an ASCII hex format file. An example
COFF file named GPIO34TOG.out has been used for the conversion.

Build the project and link using the -m linker option to generate a map file. Examine the .map file

produced by the linker. The information shown in Example 2-7 has been copied from the example map file
(GPI034TOG.map). This shows the section allocation map for the code. The map file includes the following
information:

* Output Section
This is the name of the output section specified with the SECTIONS directive in the linker command file.
* Origin

The first origin listed for each output section is the starting address of that entire output section. The following
origin values are the starting address of that portion of the output section.
* Length

The first length listed for each output section is the length for that entire output section. The following length
values are the lengths associated with that portion of the output section.
» Attributes/input sections

This lists the input files that are part of the section or any value associated with an output section.

See the TMS320C28x Assembly Language Tools v21.6.0.LTS User's Guide for detailed information on
generating a linker command file and a memory map.
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All sections shown in Example 2-7 that are initialized need to be loaded into the device in order for the code

to execute properly. In this case, the codestart, ramfuncs, .cinit, myreset and .text sections need to be loaded.

The other sections are uninitialized and will not be included in the loading process. The map file also indicates
the size of each section and the starting address. For example, the .text section has 0x155 words and starts at
0x3FA000.

Example 2-7. GPIO34TOG Map File

output attributes/
section page origin length input sections
codestart
0 00000000 00000002
00000000 00000002 device280x CodeStartBranch.obj (codestart)
.pinit 0 00000002 00000000
.switch 0 00000002 00000000 UNINITIALIZED
ramfuncs 0 00000002 00000016
00000002 00000016 device280x SysCtrl.obj (ramfuncs)
.cinit 0 00000018 00000019
00000018 0000000e rts2800 ml.lib : exit.obj (.cinit)
00000026 0000000a : lock.obj (.cinit)
00000030 00000001 --HOLE-- [fill = 0]
myreset 0 00000032 00000002
00000032 00000002 device280x CodeStartBranch.obj (myreset)
IQmath 0 003fa000 00000000 UNINITIALIZED
.text 0 003£a000 00000155
003£a000 00000046 rts2800 ml.lib : boot.obj (.text)

To load the code using the SCI bootloader, the host must send the data in the format that the bootloader
understands. That is, the data must be sent as blocks of data with a size, starting address followed by the data.
A block size of 0 indicates the end of the data. The HEX2000.exe utility can be used to convert the COFF file
into a format that includes this boot information. The following command syntax has been used to convert the
application into an ASCII hex format file that includes all of the required information for the bootloader:

Example 2-8. HEX2000.exe Command Syntax

C: HEX2000 GPIO34TOG.OUT -boot -gpio8 -a

Where:

- boot Convert all sections into bootable form.

- gpio8 Use the GPIO in 8-bit mode data format. The SCI
uses the same data format as the GPIO in 8-bit mode.

- a Select ASCII-Hex as the output format.

The command line shown in Example 2-8 will generate an ASCII-Hex output file called GPIO34TOG.a00, whose
contents are explained in Example 2-9. This example assumes that the host will be able to read an ASCII hex
format file. The format may differ for your application. . Each section of data loaded can be tied back to the map
file described in Example 2-7. After the data stream is loaded, the boot ROM will jump to the Entry point address
that was read as part of the data stream. In this case, execution will begin at 0Ox3FA0000.
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Example 2-9. GPIO34TOG Data Stream

AA 08 ;Keyvalue
00 00 00 00 0O 00 0O 00 ;8 reserved words
00 00 00 00 00 00 00 00
3F 00 00 AO ;Entrypoint 0x003FA000
02 00 ;Load 2 words - codestart section
00 00 00 00 ;Load block starting at 0x000000
7F 00 9A AO ;Data block 0x007F, O0xA09A
16 00 ;Load 0x0016 words - ramfuncs section
00 00 02 00 ;Load block starting at 0x000002
22 76 1F 76 2A 00 00 1A 01 00 06 CC FO ;Data = 0x7522, 0x761lF etc...
FF 05 50 06 96 06 CC FF FO A9 1A 00 05
06 96 04 1A FF 00 05 1A FF 00 1A 76 07
F6e 00 77 06 00
55 01 ;Load 0x0155 words - .text section
3F 00 00 A0 ;Load block starting at O0x003FA000
AD 28 00 04 69 FF 1F 56 16 56 1A 56 40 ;Data = 0x28AD, 0x4000 etc...
29 1F 76 00 00 02 29 1B 76 22 76 A9 28
18 00 A8 28 00 00 01 09 1D 61 CO 76 18
00 04 29 OF 6F 00 9B A9 24 01 DF 04 6C
04 29 A8 24 01 DF A6 1E Al F7 86 24 A7
06
FC 63 E6 6F
19 00 ;Load 0x0019 words - .cinit section
00 00 18 00 ;Load block starting at 0x000018
FF FF 00 BO 3F 00 00 00 FE FF 02 BO 3F ;Data = OxFFFF, 0xB000 etc...
00 00 00 00 00 FE FF 04 BO 3F 00 00 00
00 00 FE FF
3F 00 00 00
02 00 ;Load 0x0002 words - myreset section
00 00 32 00 ;Load block starting at 0x000032
00 00 00 00 ;Data = 0x0000, 0x0000
00 00 ;Block size of 0 - end of data
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2.4 Bootloader Code Overview
This chapter contains information on the Boot ROM version, checksum, and code.
2.4.1 Boot ROM Version and Checksum Information

The boot ROM contains its own version number located at address 0x3F FFBA. This version number starts at

1 and will be incremented any time the boot ROM code is modified. The next address, 0x3F FFBB contains the
month and year (MM/YY in decimal) that the boot code was released. The next four memory locations contain a
checksum value for the boot ROM. The checksum is intended for Tl internal use and will change based on the
silicon and boot ROM version.

Table 2-17. Bootloader Revision and Checksum Information

Address Contents

Ox3F FFB9

0x3F FFBA Boot ROM Version Number

0x3F FFBB MM/YY of release (in decimal)
0x3F FFBC Least significant word of checksum
Ox3F FFBD

0x3F FFBE o

0x3F FFBF Most significant word of checksum

Table 2-18 shows the boot ROM revision details.

Table 2-18. Bootloader Revision Per Device

Device(s) Silicon REVID Boot ROM Revision
(Address 0x883)
2803x 0 (First silicon) Version 1
2803x 1 Version 1

2.4.2 Bootloader Code Revision History

The associated boot ROM source code can be found under the \libraries\boot-rom directory in C2000Ware.
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. Chapter 3
P X oments  Enhanced Pulse Width Modulator (ePWM) Module

The enhanced pulse width modulator (ePWM) module is a key element in controlling many of the power
electronic systems found in both commercial and industrial equipments. These systems include digital motor
control, switch mode power supply control, uninterruptible power supplies (UPS), and other forms of power
conversion. The ePWM module performs a digital-to-analog (DAC) function, where the duty cycle is equivalent to
a DAC analog value; it is sometimes referred to as a Power DAC.

This chapter is applicable for ePWM type 1. See the C2000 Real-Time Control Peripheral Reference Guide for a
list of all devices with an ePWM module of the same type, to determine the differences between the types, and
for a list of device-specific differences within a type.

This chapter includes an overview of the module and information about each of the submodules:

» Time-Base Module

* Counter-Compare Module

* Action-Qualifier Module

» Dead-Band Generator Module
*  PWM-Chopper (PC) Module

* Trip-Zone Module

» Event-Trigger Module

ePWM Type 1 is fully compatible to the Type 0 module. Type 1 has the following enhancements in addition to the
Type 0 module:

* Increased Dead-Band Resolution: The dead-band clocking has been enhanced to allow half-cycle clocking
to double resolution.

* Enhanced Interrupt and SOC Generation: Interrupts and ADC start-of-conversion can now be generated
on both the TBCTR == zero and TBCTR == period events. This feature enables dual edge PWM control.
Additionally, the ADC start-of-conversion can be generated from an event defined in the digital compare
sub-module.

* High-Resolution Period Capability: Provides the ability to enable high-resolution period. This is discussed
in more detail in Chapter 4.

» Digital Compare Sub-module: The digital compare sub-module enhances the event triggering and trip zone
sub-modules by providing filtering, blanking and improved trip functionality to digital compare signals. Such
features are essential for peak current mode control and for support of analog comparators.
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3.1 Introduction

An effective PWM peripheral must be able to generate complex pulse width waveforms with minimal CPU
overhead or intervention. It needs to be highly programmable and very flexible while being easy to understand
and use. The ePWM unit described here addresses these requirements by allocating all needed timing and
control resources on a per PWM channel basis. Cross coupling or sharing of resources has been avoided;
instead, the ePWM is built up from smaller single channel modules with separate resources that can operate
together as required to form a system. This modular approach results in an orthogonal architecture and provides
a more transparent view of the peripheral structure, helping users to understand its operation quickly.

In this document the letter x within a signal or module name is used to indicate a generic ePWM instance

on a device. For example output signals EPWMxA and EPWMxB refer to the output signals from the ePWMx
instance. Thus, EPWM1A and EPWM1B belong to ePWM1 and likewise EPWM4A and EPWM4B belong to
ePWM4.

3.1.1 EPWM Related Collateral

Foundational Materials
¢ Real-Time Control Reference Guide
— Refer to the EPWM section

Getting Started Materials
* Flexible PWMs Enable Multi-Axis Drives, Multi-Level Inverters Application Report
+ Getting Started with the C2000 ePWM Module (Video)
* Using PWM Output as a Digital-to-Analog Converter on a TMS320F280x Digital Signal Control Application
Report
— Chapters 1 to 6 are Fundamental material, derivations, and explanations that are useful for learning
about how PWM can be used to implement a DAC. Subsequent chapters are Getting Started and Expert
material for implementing in a system.
» Using the Enhanced Pulse Width Modulator (ePWM) Module Application Report

Expert Materials
* C2000 real-time microcontrollers - Reference designs
— See Tl designs related to specific end applications used.

3.1.2 Submodule Overview

The ePWM module represents one complete PWM channel composed of two PWM outputs: EPWMxA and
EPWMxB. Multiple ePWM modules are instanced within a device as shown in Figure 3-1. Each ePWM instance
is identical with one exception. Some instances include a hardware extension that allows more precise control
of the PWM outputs. This extension is the high-resolution pulse width modulator (HRPWM) and is described in
Chapter 4. See your device-specific data sheet to determine which ePWM instances include this feature. Each
ePWM module is indicated by a numerical value starting with 1. For example, ePWM1 is the first instance and
ePWM3 is the third instance in the system and ePWMXx indicates any instance.

The ePWM modules are chained together via a clock synchronization scheme that allows them to operate
as a single system when required. Additionally, this synchronization scheme can be extended to the capture
peripheral modules (eCAP). The number of modules is device-dependent and based on target application
needs. Modules can also operate stand-alone.

Each ePWM module supports the following features:

» Dedicated 16-bit time-base counter with period and frequency control.

*  Two PWM outputs (EPWMxA and EPWMxB) that can be used in the following configurations:
— Two independent PWM outputs with single-edge operation
— Two independent PWM outputs with dual-edge symmetric operation
— One independent PWM output with dual-edge asymmetric operation
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» Asynchronous override control of PWM signals through software.

* Programmable phase-control support for lag or lead operation relative to other ePWM modules.

* Hardware-locked (synchronized) phase relationship on a cycle-by-cycle basis.

« Dead-band generation with independent rising and falling edge delay control.

* Programmable trip zone allocation of both cycle-by-cycle trip and one-shot trip on fault conditions.

« A trip condition can force either high, low, or high-impedance state logic levels at PWM outputs.

» Comparator module outputs and trip zone inputs can generate events, filtered events, or trip conditions.
« All events can trigger both CPU interrupts and ADC start of conversion (SOC).

* Programmable event prescaling minimizes CPU overhead on interrupts.

*  PWM chopping by high-frequency carrier signal, useful for pulse transformer gate drives.

Each ePWM module is connected to the input/output signals shown in Figure 3-1. The signals are described in
detail in subsequent sections.

The order in which the ePWM modules are connected may differ from what is shown in Figure 3-1. See
Section 3.2.2.3.3 for the synchronization scheme for a particular device. Each ePWM module consists of eight
submodules and is connected within a system with the signals shown in Figure 3-2.
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A. This signal exists only on devices with an eQEP1 module.

Figure 3-1. Multiple ePWM Modules
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EPWMxSYNCI ePWM module
X -
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CLOCKFAIL
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EPWMXTZINT | Action-qualifier (AQ) module |
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aoc |7 Epwwxsocs | PWM-chopper (PC) module | MUX
EPWMxB
| Event-trigger (ET) module |
< Peripheral bus l/ | Trip-zone (TZ) module |
| Digital Compare (DC) module |

Figure 3-2. Submodules and Signal Connections for an ePWM Module

Figure 3-3 shows more internal details of a single ePWM module. The main signals used by the ePWM module
are:

PWM output signals (EPWMxA and EPWMxB): The PWM output signals are made available external to
the device through the GPIO peripheral described in the system control and interrupts guide for your device.
Trip-zone signals ( TZ1 to TZ6): These input signals alert the ePWM module of fault conditions external to
the ePWM module. Each module on a device can be configured to either use or ignore any of the trip-zone
signals. The TZ1 to TZ3 trip-zone signals can be configured as asynchronous inputs through the GPIO
peripheral. TZ4 is connected to an inverted EQEP1 error signal (EQEP1ERR) from the EQEP1 module (for
those devices with an EQEP1 module). TZ5 is connected to the system clock fail logic, and TZ6 is connected
to the EMUSTOP output from the CPU. This allows you to configure a trip action when the clock fails or the
CPU halts.

Time-base synchronization input (EPWMxSYNCI) and output (EPWMxSYNCO) signals: The
synchronization signals daisy chain the ePWM modules together. Each module can be configured to either
use or ignore its synchronization input. The clock synchronization input and output signal are brought out to
pins only for ePWM1 (ePWM module #1). The synchronization output for ePWM1 (EPWM1SYNCO) is also
connected to the SYNCI of the first enhanced capture module (eCAP1).

ADC start-of-conversion signals (EPWMxSOCA and EPWMxSOCB): Each ePWM module has two ADC
start of conversion signals . Any ePWM module can trigger a start of conversion. Whichever event triggers
the start of conversion is configured in the Event-Trigger submodule of the ePWM.

Comparator output signals (COMPxOUT).: Output signals from the comparator module in conjunction with
the trip zone signals can generate digital compare events.

Peripheral Bus: The peripheral bus is 32-bits wide and allows both 16-bit and 32-bit writes to the ePWM
register file.

Figure 3-3 also shows the key internal submodule interconnect signals. Each submodule is described in detail in
its respective section.
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A. These events are generated by the type 1 ePWM digital compare (DC) submodule based on the levels of the COMPxOUT and TZ

signals.

B. This signal exists only on devices with in eQEP1 module.

Figure 3-3. ePWM Submodules and Critical Internal Signal Interconnects
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3.1.3 Register Mapping

The complete ePWM module control and status register set is grouped by submodule as shown in Table 3-1.
Each register set is duplicated for each instance of the ePWM module. The start address for each ePWM
register file instance on a device is specified in the appropriate data manual.

Table 3-1. ePWM Module Control and Status Register Set Grouped by Submodule

Name Offset (1) (?(I'lzg) Shadow EALLOW Description
Time-Base Submodule Registers
TBCTL 0x0000 1 Time-Base Control Register
TBSTS 0x0001 1 Time-Base Status Register
TBPHSHR 0x0002 1 Extension for HRPWM Phase Register (2
TBPHS 0x0003 1 Time-Base Phase Register
TBCTR 0x0004 1 Time-Base Counter Register
TBPRD 0x0005 1 Yes Time-Base Period Register
TBPRDHR 0x0006 1 Yes Time Base Period High Resolution Register ()
Counter-Compare Submodule Registers
CMPCTL 0x0007 1 Counter-Compare Control Register
CMPAHR 0x0008 1 Yes Extension for HRPWM Counter-Compare A Register (2)
CMPA 0x0009 1 Yes Counter-Compare A Register
CMPB 0x000A 1 Yes Counter-Compare B Register
Action-Qualifier Submodule Registers
AQCTLA 0x000B 1 Action-Qualifier Control Register for Output A (EPWMxA)
AQCTLB 0x000C 1 Action-Qualifier Control Register for Output B (EPWMxB)
AQSFRC 0x000D 1 Action-Qualifier Software Force Register
AQCSFRC 0x000E 1 Yes Action-Qualifier Continuous S/W Force Register Set
Dead-Band Generator Submodule Registers
DBCTL 0x000F 1 Dead-Band Generator Control Register
DBRED 0x0010 1 Dead-Band Generator Rising Edge Delay Count Register
DBFED 0x0011 1 Dead-Band Generator Falling Edge Delay Count Register
Trip-Zone Submodule Registers
TZSEL 0x0012 1 Yes Trip-Zone Select Register
TZDCSEL 0x0013 1 Yes Trip Zone Digital Compare Select Register
TZCTL 0x0014 1 Yes Trip-Zone Control Register (3)
TZEINT 0x0015 1 Yes Trip-Zone Enable Interrupt Register (3)
TZFLG 0x0016 1 Trip-Zone Flag Register (3)
TZCLR 0x0017 1 Yes Trip-Zone Clear Register (®
TZFRC 0x0018 1 Yes Trip-Zone Force Register )
Event-Trigger Submodule Registers
ETSEL 0x0019 1 Event-Trigger Selection Register
ETPS 0x001A 1 Event-Trigger Pre-Scale Register
ETFLG 0x001B 1 Event-Trigger Flag Register
ETCLR 0x001C 1 Event-Trigger Clear Register
ETFRC 0x001D 1 Event-Trigger Force Register
PWM-Chopper Submodule Registers
PCCTL 0x001E 1 PWM-Chopper Control Register
High-Resolution Pulse Width Modulator (HRPWM) Extension Registers
HRCNFG 0x0020 1 Yes HRPWM Configuration Register (2) (3)
HRPWR 0x0021 1 Yes HRPWM Power Register (3 (4)
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Table 3-1. ePWM Module Control and Status Register Set Grouped by Submodule (continued)

Name Offset (1) (?(I‘Izg) Shadow EALLOW Description
HRMSTEP 0x0026 1 Yes HRPWM MEP Step Register(®) ()
HRPCTL 0x0028 1 Yes High Resolution Period Control Register(®)
TBPRDHRM 0x002A 1 Writes Time Base Period High Resolution Register Mirror(®)
TBPRDM 0x002B 1 Writes Time Base Period Register Mirror
CMPAHRM 0x002C 1 Writes Compare A High Resolution Register Mirror(3)
CMPAM 0x002D 1 Writes Compare A Register Mirror

Digital Compare Event Registers
DCTRIPSEL 0x0030 1 Yes Digital Compare Trip Select Register
DCACTL 0x0031 1 Yes Digital Compare A Control Register
DCBCTL 0x0032 1 Yes Digital Compare B Control Register
DCFCTL 0x0033 1 Yes Digital Compare Filter Control Register
DCCAPCTL 0x0034 1 Yes Digital Compare Capture Control Register
DCFOFFSET 0x0035 1 Writes Digital Compare Filter Offset Register
DCFOFFSETCNT 0x0036 1 Digital Compare Filter Offset Counter Register
DCFWINDOW 0x0037 1 Digital Compare Filter Window Register
DCFWINDOWCNT 0x0038 1 Digital Compare Filter Window Counter Register
DCCAP 0x0039 1 Yes Digital Compare Counter Capture Register

(1)
@)

@)
(4)

Locations not shown are reserved.
These registers are only available on ePWM instances that include the high-resolution PWM extension. Otherwise these locations are
reserved. These registers are also described in Chapter 4. See your device-specific data sheet to determine which instances include

the HRPWM.

EALLOW protected registers as described in the System Control and Interrupts chapter.
These registers only exist in the ePWM1 register space. They cannot be accessed from any other ePWM module's register space.

The CMPA , CMPAHR, TBPRD, and TBPRDHR registers are mirrored in the register map (Mirror registers

include an "-M" suffix - CMPAM, CMPAHRM, TBPRDM, and TBPRDHRM). Note in the tables below, that in both
Immediate mode and Shadow mode, reads from these mirror registers result in the active value of the register or
a Tl internal test value.

In Immediate Mode:
Register Offset Write Read Register Offset Write Read
TBPRDHR 0x06 Active Active TBPRDHRM 0x2A Active TI_Internal
TBPRD 0x05 Active Active TBPRDM 0x2B Active Active
CMPAHR 0x08 Active Active CMPAHRM 0x2C Active TI_Internal
CMPA 0x09 Active Active CMPAM 0x2D Active Active
In Shadow Mode:
Register Offset Write Read Register Offset Write Read
TBPRDHR 0x06 Shadow Shadow TBPRDHRM 0x2A Shadow TI_Internal
TBPRD 0x05 Shadow Shadow TBPRDM 0x2B Shadow Active
CMPAHR 0x08 Shadow Shadow CMPAHRM 0x2C Shadow TI_Internal
CMPA 0x09 Shadow Shadow CMPAM 0x2D Shadow Active
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3.2 ePWM Submodules

Eight submodules are included in every ePWM peripheral. Each of these submodules performs specific tasks
that can be configured by software.

3.2.1 Overview

Table 3-2 lists the eight key submodules together with a list of their main configuration parameters. For example,
if you need to adjust or control the duty cycle of a PWM waveform, then you should see the counter-compare
submodule in Section 3.2.3 for relevant details.

Table 3-2. Submodule Configuration Parameters

Submodule Configuration Parameter or Option

Time-base (TB) .

.

Counter-compare (CC) .

Action-qualifier (AQ) .

Dead-band (DB) .

PWM-chopper (PC) .

Scale the time-base clock (TBCLK) relative to the system clock (SYSCLKOUT).

Configure the PWM time-base counter (TBCTR) frequency or period.

Set the mode for the time-base counter:

— count-up mode: used for asymmetric PWM

— count-down mode: used for asymmetric PWM

— count-up-and-down mode: used for symmetric PWM

Configure the time-base phase relative to another ePWM module.

Synchronize the time-base counter between modules through hardware or software.
Configure the direction (up or down) of the time-base counter after a synchronization event.
Configure how the time-base counter will behave when the device is halted by a debug probe.
Specify the source for the synchronization output of the ePWM module:

— Synchronization input signal

— Time-base counter equal to zero

— Time-base counter equal to counter-compare B (CMPB)

— No output synchronization signal generated.

Specify the PWM duty cycle for output EPWMxA and/or output EPWMxB
Specify the time at which switching events occur on the EPWMxA or EPWMxB output

Specify the type of action taken when a time-base or counter-compare submodule event occurs:
— No action taken

—  Output EPWMxA and/or EPWMXxB switched high

—  Output EPWMxA and/or EPWMXxB switched low

— Output EPWMxA and/or EPWMxB toggled

Force the PWM output state through software control

Configure and control the PWM dead-band through software

Control of traditional complementary dead-band relationship between upper and lower switches
Specify the output rising-edge-delay value

Specify the output falling-edge delay value

Bypass the dead-band module entirely. In this case the PWM waveform is passed through without
modification.

Option to enable half-cycle clocking for double resolution.

Create a chopping (carrier) frequency.

Pulse width of the first pulse in the chopped pulse train.

Duty cycle of the second and subsequent pulses.

Bypass the PWM-chopper module entirely. In this case the PWM waveform is passed through without
modification.
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Table 3-2. Submodule Configuration Parameters (continued)

Submodule Configuration Parameter or Option
Trip-zone (TZ) »  Configure the ePWM module to react to one, all, or none of the trip-zone signals or digital compare
events.
»  Specify the tripping action taken when a fault occurs:
— Force EPWMXxA and/or EPWMxB high
— Force EPWMXxA and/or EPWMxB low
— Force EPWMxA and/or EPWMNxB to a high-impedance state
— Configure EPWMxA and/or EPWMxB to ignore any trip condition.
»  Configure how often the ePWM will react to each trip-zone signal:
— One-shot
— Cycle-by-cycle
« Enable the trip-zone to initiate an interrupt.
* Bypass the trip-zone module entirely.
Event-trigger (ET) * Enable the ePWM events that will trigger an interrupt.
» Enable ePWM events that will trigger an ADC start-of-conversion event.
«  Specify the rate at which events cause triggers (every occurrence or every second or third occurrence)
* Poll, set, or clear event flags
Digital-compare (DC) +  Enables comparator (COMP) module outputs and trip zone signals to create events and filtered events

Specify event-filtering options to capture TBCTR counter or generate blanking window

Code examples are provided in the remainder of this document that show how to implement various ePWM
module configurations. These examples use the constant definitions in the device EPwm_defines.h file in the
device-specific header file and peripheral examples software package.
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3.2.2 Time-Base (TB) Submodule

Each ePWM module has its own time-base submodule that determines all of the event timing for the ePWM
module. Built-in synchronization logic allows the time-base of multiple ePWM modules to work together as a
single system. Figure 3-4 illustrates the time-base module's place within the ePWM.

T
ime Base Event EPWMXINT PIE
SlgnalsI Trigger
EPWMxSYNCI Action Counter Compare and EPWMxSOCA
— > Qualifier Signala >
CTR=PRD L (AQ) — Interrupt
EPWMxSYNCO | — Iid Digital Compare ADC
VXS YNCO | Tlm(e_,;_—g)ase cTR=0 Signalg (ET) | EPWMXSOCB
Digital Compare CTR Dir -
Signals 4
EPWMXxA
U EPWMXA | ia B EPWNVLE »
X
EPWMxB [ id B — » GPIO
Beag PWM- TZ1t0TZ3 MUX
CTR =CMPA JL Sg chopper Trip _
> (bB) (PC) EMUSTOP
Counter Zone | I CPU |
Compare (TZ) | CLOCKFAIL
(CC) CTR=CMPB 1L TR0 - SYSCTRL
> = EQEP1ERR
— ] < EQEP1
EPWMXTZINT E
-PIE ‘
Digital <
igita COMPxOUT]
_COMP
Digital Compare Coggare
Signals (DC)

Figure 3-4. Time-Base Submodule Block Diagram

3.2.2.1 Purpose of the Time-Base Submodule

You can configure the time-base submodule for the following:

Specify the ePWM time-base counter (TBCTR) frequency or period to control how often events occur.
Manage time-base synchronization with other ePWM modules.

Maintain a phase relationship with other ePWM modules.

Set the time-base counter to count-up, count-down, or count-up-and-down mode.

Generate the following events:

— CTR = PRD: Time-base counter equal to the specified period (TBCTR = TBPRD) .
— CTR = Zero: Time-base counter equal to zero (TBCTR = 0x0000).

Configure the rate of the time-base clock; a prescaled version of the CPU system clock (SYSCLKOUT). This
allows the time-base counter to increment/decrement at a slower rate.
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3.2.2.2 Controlling and Monitoring the Time-base Submodule

Table 3-3 shows the registers used to control and monitor the time-base submodule.

Table 3-3. Time-Base Submodule Registers

Register Address Offset Shadowed Description Bit Description
TBCTL 0x0000 No Time-Base Control Register Section 3.4.1.1
TBSTS 0x0001 No Time-Base Status Register Section 3.4.1.2
TBPHSHR 0x0002 No HRPWM Extension Phase Register (1) Section 3.4.1.3
TBPHS 0x0003 No Time-Base Phase Register Section 3.4.1.4
TBCTR 0x0004 No Time-Base Counter Register Section 3.4.1.5
TBPRD 0x0005 Yes Time-Base Period Register Section 3.4.1.6
TBPRDHR 0x0006 Yes HRPWM Extension Period Register(") Section 3.4.1.7
TBPRDHRM 0x002A Yes HRPWM Time-Base Period Extension Mirror Register(") Section 3.4.1.8
TBPRDM 0x002B Yes HRPWM Extension Period Mirror Register(!) Section 3.4.1.9

(1)

This register is available only on ePWM instances that include the high-resolution extension (HRPWM). On ePWM modules that do
not include the HRPWM, this location is reserved. This register is also described in Chapter 4. See your device-specific data sheet to
determine which ePWM instances include this feature.

The block diagram in Figure 3-5 shows the critical signals and registers of the time-base submodule. Table 3-4
provides descriptions of the key signals associated with the time-base submodule.

!
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Figure 3-5. Time-Base Submodule Signals and Registers
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Table 3-4. Key Time-Base Signals
Signal Description
EPWMxSYNCI Time-base synchronization input.

Input pulse used to synchronize the time-base counter with the counter of ePWM module earlier in the synchronization
chain. An ePWM peripheral can be configured to use or ignore this signal. For the first ePWM module (EPWM1) this
signal comes from a device pin. For subsequent ePWM modules this signal is passed from another ePWM peripheral.
For example, EPWM2SYNCI is generated by the ePWM1 peripheral, EPWM3SYNCI is generated by ePWM2 and so
forth. See Section 3.2.2.3.3 for information on the synchronization order of a particular device.

EPWMxSYNCO Time-base synchronization output.
This output pulse is used to synchronize the counter of an ePWM module later in the synchronization chain. The
ePWM module generates this signal from one of three event sources:
1.  EPWMxSYNCI (Synchronization input pulse)
2. CTR = Zero: The time-base counter equal to zero (TBCTR = 0x0000).
3. CTR = CMPB: The time-base counter equal to the counter-compare B (TBCTR = CMPB) register.

CTR = PRD Time-base counter equal to the specified period.
This signal is generated whenever the counter value is equal to the active period register value. That is when TBCTR
= TBPRD.

CTR = Zero Time-base counter equal to zero

This signal is generated whenever the counter value is zero. That is when TBCTR equals 0x0000.
CTR = CMPB Time-base counter equal to active counter-compare B register (TBCTR = CMPB).

This event is generated by the counter-compare submodule and used by the synchronization out logic
CTR_dir Time-base counter direction.

Indicates the current direction of the ePWM's time-base counter. This signal is high when the counter is increasing and
low when it is decreasing.

CTR_max Time-base counter equal max value. (TBCTR = OxFFFF)
Generated event when the TBCTR value reaches its maximum value. This signal is only used only as a status bit
TBCLK Time-base clock.

This is a prescaled version of the system clock (SYSCLKOUT) and is used by all submodules within the ePWM. This
clock determines the rate at which time-base counter increments or decrements.

3.2.2.3 Calculating PWM Period and Frequency

The frequency of PWM events is controlled by the time-base period (TBPRD) register and the mode of the
time-base counter. Figure 3-6 shows the period (Tpwm) and frequency (Fpm) relationships for the up-count,
down-count, and up-down-count time-base counter modes when the period is set to 4 (TBPRD = 4). The time
increment for each step is defined by the time-base clock (TBCLK) which is a prescaled version of the system
clock (SYSCLKOUT).

The time-base counter has three modes of operation selected by the time-base control register (TBCTL):

* Up-Down-Count Mode: In up-down-count mode, the time-base counter starts from zero and increments
until the period (TBPRD) value is reached. When the period value is reached, the time-base counter then
decrements until it reaches zero. At this point the counter repeats the pattern and begins to increment.

* Up-Count Mode: In this mode, the time-base counter starts from zero and increments until it reaches the
value in the period register (TBPRD). When the period value is reached, the time-base counter resets to zero
and begins to increment once again.

* Down-Count Mode: In down-count mode, the time-base counter starts from the period (TBPRD) value and
decrements until it reaches zero. When it reaches zero, the time-base counter is reset to the period value and
it begins to decrement once again.
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For Up Count and Down Count
Tpwwm = (TBPRD + 1) X TrgcLk
Fpwm = 1/ (Tpwi)

For Up and Down Count
prM -2 X TBPRD x TTBCLK

Fpwm = 1/ (Tpwmy

CTR_dir Up Down Up Down

Figure 3-6. Time-Base Frequency and Period

3.2.2.3.1 Time-Base Period Shadow Register

The time-base period register (TBPRD) has a shadow register. Shadowing allows the register update to be
synchronized with the hardware. The following definitions are used to describe all shadow registers in the ePWM
module:

Active Register: The active register controls the hardware and is responsible for actions that the hardware
causes or invokes.

Shadow Register: The shadow register buffers or provides a temporary holding location for the active
register. It has no direct effect on any control hardware. At a strategic point in time the shadow register's
content is transferred to the active register. This prevents corruption or spurious operation due to the register
being asynchronously modified by software.

The memory address of the shadow period register is the same as the active register. Which register is written to
or read from is determined by the TBCTL[PRDLD] bit. This bit enables and disables the TBPRD shadow register
as follows:

Time-Base Period Shadow Mode: The TBPRD shadow register is enabled when TBCTL[PRDLD] = 0.
Reads from and writes to the TBPRD memory address go to the shadow register. The shadow register
contents are transferred to the active register (TBPRD (Active) « TBPRD (shadow)) when the time-base
counter equals zero (TBCTR = 0x0000). By default the TBPRD shadow register is enabled.

Time-Base Period Immediate Load Mode: If immediate load mode is selected (TBCTL[PRDLD] = 1), then a
read from or a write to the TBPRD memory address goes directly to the active register.
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3.2.2.3.2 Time-Base Clock Synchronization

The TBCLKSYNC bit in the peripheral clock enable registers allows all users to globally synchronize all enabled
ePWM modules to the time-base clock (TBCLK). When set, all enabled ePWM module clocks are started with
the first rising edge of TBCLK aligned. For perfectly synchronized TBCLKs, the prescalers for each ePWM
module must be set identically.

The proper procedure for enabling ePWM clocks is as follows:

1. Enable ePWM module clocks in the PCLKCRXx register
2. Set TBCLKSYNC=0

3. Configure ePWM modules

4. Set TBCLKSYNC=1

3.2.2.3.3 Time-Base Counter Synchronization

A time-base synchronization scheme connects all of the ePWM modules on a device. Each ePWM module
has a synchronization input (EPWMxSYNCI) and a synchronization output (EPWMxSYNCO). The input
synchronization for the first instance (ePWM1) comes from an external pin. The possible synchronization
connections for the remaining ePWM modules are shown in Figure 3-7.

Scheme 1 is shown in Figure 3-7.

!

EPWM1SYNCI

GPIO
ePWM1 MUX

EPWM1SYNCO

SYNCI 1—%—'
eCAP1

EPWM2SYNCI

ePWM2

EPWM2SYNCO

EPWM3SYNCI
ePWM3

EPWM3SYNCO

[
\

!

EPWMxSYNCI

ePWMx

EPWMxSYNCO

Figure 3-7. Time-Base Counter Synchronization Scheme 1
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Each ePWM module can be configured to use or ignore the synchronization input. If the TBCTL[PHSEN] bit
is set, then the time-base counter (TBCTR) of the ePWM module will be automatically loaded with the phase
register (TBPHS) contents when one of the following conditions occur:

« EPWMxSYNCI: Synchronization Input Pulse: The value of the phase register is loaded into the counter
register when an input synchronization pulse is detected (TBPHS — TBCTR). This operation occurs on the
next valid time-base clock (TBCLK) edge. The source of the EPWMSYNCI pulse is selected by setting a
GPIO to the EPWMSYNCI option per the GPIO Mux.

The delay from internal master module to slave modules is given by:
— if (TBCLK = SYSCLKOUT): 2 x SYSCLKOUT
— if (TBCLK != SYSCLKOUT):1 TBCLK

» Software Forced Synchronization Pulse: Writing a 1 to the TBCTL[SWFSYNC] control bit invokes a
software forced synchronization. This pulse is ORed with the synchronization input signal, and therefore has
the same effect as a pulse on EPWMxSYNCI.

+ Digital Compare Event Synchronization Pulse: DCAEVT1 and DCBEVT1 digital compare events can be
configured to generate synchronization pulses which have the same affect as EPWMxSYNCI.

This feature enables the ePWM module to be automatically synchronized to the time base of another ePWM
module. Lead or lag phase control can be added to the waveforms generated by different ePWM modules to
synchronize them. In up-down-count mode, the TBCTL[PSHDIR] bit configures the direction of the time-base
counter immediately after a synchronization event. The new direction is independent of the direction prior to the
synchronization event. The PHSDIR bit is ignored in count-up or count-down modes. See Figure 3-8 through
Figure 3-11 for examples.

Clearing the TBCTL[PHSEN] bit configures the ePWM to ignore the synchronization input pulse. The
synchronization pulse can still be allowed to flow-through to the EPWMxSYNCO and be used to synchronize
other ePWM modules. In this way, you can set up a master time-base (for example, ePWM1) and downstream
modules (ePWM2 - ePWMx) may elect to run in synchronization with the master. See Section 3.3 for more
details on synchronization strategies.

3.2.2.4 Phase Locking the Time-Base Clocks of Multiple ePWM Modules

The TBCLKSYNC bit can be used to globally synchronize the time-base clocks of all enabled ePWM modules
on a device. This bit is part of the device's clock enable registers and is described in the System Control and
Interrupts section of this manual. When TBCLKSYNC = 0, the time-base clock of all ePWM modules is stopped
(default). When TBCLKSYNC = 1, all ePWM time-base clocks are started with the rising edge of TBCLK aligned.
For perfectly synchronized TBCLKSs, the prescaler bits in the TBCTL register of each ePWM module must be set
identically. The proper procedure for enabling the ePWM clocks is as follows:

1. Enable the individual ePWM module clocks. This is described in the device-specific version of the System
Control and Interrupts section.

2. Set TBCLKSYNC = 0. This will stop the time-base clock within any enabled ePWM module.

3. Configure the prescaler values and desired ePWM modes.

4. Set TBCLKSYNC = 1.
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3.2.2.5 Time-base Counter Modes and Timing Waveforms
The time-base counter operates in one of four modes:

* Up-count mode which is asymmetrical

*  Down-count mode which is asymmetrical

* Up-down-count which is symmetrical

* Frozen where the time-base counter is held constant at the current value

To illustrate the operation of the first three modes, the following timing diagrams show when events are
generated and how the time-base responds to an EPWMxSYNCI signal.
TBCTR[15:0]
OXFFFF i

TBPRD >
(value)

TBPHS
(value) —

0000

EPWMxSYNCI

CTR_dir

CTR = zero

CTR =PRD

CNT_max

Figure 3-8. Time-Base Up-Count Mode Waveforms
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Figure 3-9. Time-Base Down-Count Mode Waveforms
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CTR_dir

CTR = zero
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Figure 3-10. Time-Base Up-Down-Count Waveforms, TBCTL[PHSDIR = 0] Count Down On
Synchronization Event
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Figure 3-11. Time-Base Up-Down Count Waveforms, TBCTL[PHSDIR = 1] Count Up On Synchronization
Event
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3.2.3 Counter-Compare (CC) Submodule
Figure 3-12 shows the counter-compare submodule within the ePWM.
Figure 3-13 shows the basic structure of the counter-compare submodule.
Tlmgi Bnaasli TEyent EPWMXxINT PIE
. : > rigger
EPWMxSYNCI Action Counter Compare a%% EPWMxSOCA
Qualifier Signal »
CTR=PRD L (AQ) ————9nES, | Interrupt
EPWMxSYNCO . Ld Digital Compare ADC
— ] T'mg-g)ase cTtrR=01t Signaly, | (ET) | EPWMxsOCB
Digital Compare CTR Dir -
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EPWMxA > = > EPVIMXA >
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U v 1 SR 1 R I (R =T TN VS
geag i’WM- TZ1t0 TZ3 MUX
an chopper
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Figure 3-12. Counter-Compare Submodule
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Figure 3-13. Detailed View of the Counter-Compare Submodule
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3.2.3.1 Purpose of the Counter-Compare Submodule

The counter-compare submodule takes as input the time-base counter value. This value is continuously
compared to the counter-compare A (CMPA) and counter-compare B (CMPB) registers. When the time-base
counter is equal to one of the compare registers, the counter-compare unit generates an appropriate event.

The counter-compare:

» Generates events based on programmable time stamps using the CMPA and CMPB registers

— CTR = CMPA: Time-base counter equals counter-compare A register (TBCTR = CMPA)
— CTR = CMPB: Time-base counter equals counter-compare B register (TBCTR = CMPB)
» Controls the PWM duty cycle if the action-qualifier submodule is configured appropriately
* Shadows new compare values to prevent corruption or glitches during the active PWM cycle

3.2.3.2 Controlling and Monitoring the Counter-Compare Submodule
The counter-compare submodule operation is controlled and monitored by the registers shown in Table 3-5.

Table 3-5. Counter-Compare Submodule Registers

Register Address Shadowed Description Bit Description
Offset
CMPCTL 0x0007 No Counter-Compare Control Register. Section 3.4.2.1
CMPAHR 0x0008 Yes HRPWM Counter-Compare A Extension Register () Section 3.4.2.2
CMPA 0x0009 Yes Counter-Compare A Register Section 3.4.2.3
CMPB 0x000A Yes Counter-Compare B Register Section 3.4.2.4
CMPAHRM 0x002C Writes HRPWM counter-compare A Extension Mirror Register(!) Section 3.4.2.5
CMPAM 0x002D Writes Counter-compare A mirror Register Section 3.4.2.6

(1)  This register is available only on ePWM modules with the high-resolution extension (HRPWM). On ePWM modules that do not
include the HRPWM, this location is reserved. This register is also described in Chapter 4. Refer to your device-specific data sheet to
determine which ePWM instances include this feature.

The key signals associated with the counter-compare submodule are described in Table 3-6.

Table 3-6. Counter-Compare Submodule Key Signals

Signal Description of Event Registers Compared

CTR = CMPA Time-base counter equal to the active counter-compare A value TBCTR = CMPA

CTR = CMPB Time-base counter equal to the active counter-compare B value TBCTR = CMPB

CTR = PRD Time-base counter equal to the active period. TBCTR = TBPRD
Used to load active counter-compare A and B registers from the shadow register

CTR =ZERO Time-base counter equal to zero. TBCTR = 0x0000

Used to load active counter-compare A and B registers from the shadow register
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3.2.3.3 Operational Highlights for the Counter-Compare Submodule

The counter-compare submodule is responsible for generating two independent compare events based on two
compare registers:

1. CTR = CMPA: Time-base counter equal to counter-compare A register (TBCTR = CMPA)
2. CTR = CMPB: Time-base counter equal to counter-compare B register (TBCTR = CMPB)

For up-count or down-count mode, each event occurs only once per cycle. For up-down-count mode each event
occurs twice per cycle if the compare value is between 0x0000-TBPRD and once per cycle if the compare value
is equal to 0x0000 or equal to TBPRD. These events are fed into the action-qualifier submodule where they are
qualified by the counter direction and converted into actions if enabled. Refer to Section 3.2.4.1 for more details.

The counter-compare registers CMPA and CMPB each have an associated shadow register. Shadowing
provides a way to keep updates to the registers synchronized with the hardware. When shadowing is

used, updates to the active registers only occur at strategic points. This prevents corruption or spurious
operation due to the register being asynchronously modified by software. The memory address of the active
register and the shadow register is identical. Which register is written to or read from is determined by the
CMPCTL[SHDWAMODE] and CMPCTL[SHDWBMODE] bits. These bits enable and disable the CMPA shadow
register and CMPB shadow register respectively. The behavior of the two load modes is:

Shadow Mode: The shadow mode for the CMPA is enabled by clearing the CMPCTL[SHDWAMODE] bit and
the shadow register for CMPB is enabled by clearing the CMPCTL[SHDWBMODE] bit. Shadow mode is enabled
by default for both CMPA and CMPB.

If the shadow register is enabled then the content of the shadow register is transferred to the active register on
one of the following events as specified by the CMPCTL[LOADAMODE] and CMPCTL[LOADBMODE] register
bits:

* CTR = PRD: Time-base counter equal to the period (TBCTR = TBPRD)
* CTR = Zero: Time-base counter equal to zero (TBCTR = 0x0000)
* Both CTR =PRD and CTR = Zero

Only the active register contents are used by the counter-compare submodule to generate events to be sent to
the action-qualifier.

Immediate Load Mode: If immediate load mode is selected (TBCTL[SHADWAMODE] = 1 or
TBCTL[SHADWBMODE] = 1), then a read from or a write to the register will go directly to the active register.

3.2.3.4 Count Mode Timing Waveforms
The counter-compare module can generate compare events in all three count modes:

* Up-count mode: used to generate an asymmetrical PWM waveform
* Down-count mode: used to generate an asymmetrical PWM waveform
» Up-down-count mode: used to generate a symmetrical PWM waveform

To best illustrate the operation of the first three modes, the timing diagrams in Figure 3-14 through Figure 3-17
show when events are generated and how the EPWMxSYNCI signal interacts.
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An EPWMxSYNCI external synchronization event can cause a discontinuity in the TBCTR count sequence. This can lead to a compare
event being skipped. This skipping is considered normal operation and must be taken into account.

Figure 3-14. Counter-Compare Event Waveforms in Up-Count Mode
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Figure 3-15. Counter-Compare Events in Down-Count Mode
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Figure 3-16. Counter-Compare Events In Up-Down-Count Mode, TBCTL[PHSDIR = 0] Count Down On
Synchronization Event
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Figure 3-17. Counter-Compare Events In Up-Down-Count Mode, TBCTL[PHSDIR = 1] Count Up On
Synchronization Event

252 TMS320F2803x Microcontrollers SPRUI10A — DECEMBER 2018 — REVISED JUNE 2022

Submit Document Feedback
Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUI10
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUI10A&partnum=F2803X

13 TEXAS
INSTRUMENTS

www.ti.com Enhanced Pulse Width Modulator (ePWM) Module

3.2.4 Action-Qualifier (AQ) Submodule
Figure 3-18 shows the action-qualifier (AQ) submodule (see shaded block) in the ePWM system.

The action-qualifier submodule has the most important role in waveform construction and PWM generation.
It decides which events are converted into various action types, thereby producing the required switched
waveforms at the EPWMxA and EPWMXxB outputs.
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— > Qualifier Signala >
CTR=PRD L (AQ) — Interrupt
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Figure 3-18. Action-Qualifier Submodule

3.2.4.1 Purpose of the Action-Qualifier Submodule
The action-qualifier submodule is responsible for the following:

* Qualifying and generating actions (set, clear, toggle) based on the following events:
— CTR = PRD: Time-base counter equal to the period (TBCTR = TBPRD).
CTR = Zero: Time-base counter equal to zero (TBCTR = 0x0000)
— CTR = CMPA: Time-base counter equal to the counter-compare A register (TBCTR = CMPA)
— CTR = CMPB: Time-base counter equal to the counter-compare B register (TBCTR = CMPB)
* Managing priority when these events occur concurrently
* Providing independent control of events when the time-base counter is increasing and when it is decreasing
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3.2.4.2 Action-Qualifier Submodule Control and Status Register Definitions
The action-qualifier submodule operation is controlled and monitored via the registers in Table 3-7.

Table 3-7. Action-Qualifier Submodule Registers

Register Address Shadowed Description Bit Description
Offset

AQCTLA 0x000B No Action-Qualifier Control Register for Output A (EPWMxA) Section 3.4.3.1

AQCTLB 0x000C No Action-Qualifier Control Register for Output B (EPWMxB) Section 3.4.3.2

AQSFRC 0x000D No Action-Qualifier Software Force Register Section 3.4.3.3

AQCSFRC 0x000E Yes Action-Qualifier Continuous Software Force Section 3.4.3.4

The action-qualifier submodule is based on event-driven logic. It can be thought of as a programmable cross
switch with events at the input and actions at the output, all of which are software controlled via the set of
registers shown in Table 3-7.

Action-qualifier (AQ) Module

TBCLK AQCTLA[15:0] EPWMA _
Action-qualifier control A v

v

CTR=PRD JL

v

AQCTLB[15:0]
CTR=Zero JL _ Action-qualifier control B
CTR=CMPA JL AQSFRC[15:0]
Action-qualifier S/W force
CTR=CMPB L > EPWMB
AQCSFRC[3:0] (shadow)
CTR_dir continuous S/W force

‘7

v

AQCSFRC[3:0] (active)
continuous S/W force

Figure 3-19. Action-Qualifier Submodule Inputs and Outputs

For convenience, the possible input events are summarized again in Table 3-8.

Table 3-8. Action-Qualifier Submodule Possible Input Events

Signal Description Registers Compared
CTR = PRD Time-base counter equal to the period value TBCTR = TBPRD
CTR = Zero Time-base counter equal to zero TBCTR = 0x0000
CTR = CMPA Time-base counter equal to the counter-compare A TBCTR = CMPA

CTR = CMPB Time-base counter equal to the counter-compare B TBCTR = CMPB
Software forced event Asynchronous event initiated by software

The software forced action is a useful asynchronous event. This control is handled by registers AQSFRC and
AQCSFRC.

The action-qualifier submodule controls how the two outputs EPWMxA and EPWMxB behave when a particular
event occurs. The event inputs to the action-qualifier submodule are further qualified by the counter direction (up
or down). This allows for independent action on outputs on both the count-up and count-down phases.
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The possible actions imposed on outputs EPWMxA and EPWMXxB are:

« Set High: Set output EPWMxA or EPWMxB to a high level.

* Clear Low: Set output EPWMxA or EPWMxB to a low level.

» Toggle: If EPWMxA or EPWMNxB is currently pulled high, then pull the output low. If EPWMxA or EPWMXxB is
currently pulled low, then pull the output high.

* Do Nothing: Keep outputs EPWMxA and EPWMxB at same level as currently set. Although the "Do Nothing"
option prevents an event from causing an action on the EPWMxA and EPWMxB outputs, this event can still
trigger interrupts and ADC start of conversion. See the Event-trigger Submodule description in Section 3.2.8
for details.

Actions are specified independently for either output (EPWMxA or EPWMxB). Any or all events can be
configured to generate actions on a given output. For example, both CTR = CMPA and CTR = CMPB can
operate on output EPWMXxA. All qualifier actions are configured via the control registers found at the end of this
section.

For clarity, the drawings in this document use a set of symbolic actions. These symbols are summarized in
Figure 3-20. Each symbol represents an action as a marker in time. Some actions are fixed in time (zero and
period) while the CMPA and CMPB actions are moveable and their time positions are programmed via the
counter-compare A and B registers, respectively. To turn off or disable an action, use the "Do Nothing option"; it
is the default at reset.

W TB Counter equals: Actions
force
Comp Comp i
Zero A B Period
SW 4 CA CB P .
Do Nothing

X X X X X

SW 4 CA CB P

+ + * + + Clear Low
SW 4 CA CB P

ﬁ ﬁ ﬁ * ﬁ Set High
SW 4 CA CB P

Figure 3-20. Possible Action-Qualifier Actions for EPWMxA and EPWMxB Outputs
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3.2.4.3 Action-Qualifier Event Priority

It is possible for the ePWM action qualifier to receive more than one event at the same time. In this case events
are assigned a priority by the hardware. The general rule is events occurring later in time have a higher priority
and software forced events always have the highest priority. The event priority levels for up-down-count mode
are shown in Table 3-9. A priority level of 1 is the highest priority and level 7 is the lowest. The priority changes
slightly depending on the direction of TBCTR.

Table 3-9. Action-Qualifier Event Priority for Up-Down-Count Mode

Priority Level Event If TBCTR is Incrementing

TBCTR = Zero up to TBCTR = TBPRD

Event If TBCTR is Decrementing
TBCTR = TBPRD down to TBCTR =1

1 (Highest) Software forced event Software forced event
2 Counter equals CMPB on up-count (CBU) Counter equals CMPB on down-count (CBD)
3 Counter equals CMPA on up-count (CAU) Counter equals CMPA on down-count (CAD)
4 Counter equals zero Counter equals period (TBPRD)
5 Counter equals CMPB on down-count (CBD) Counter equals CMPB on up-count (CBU)

6 (Lowest) Counter equals CMPA on down-count (CAD) Counter equals CMPA on up-count (CBU)

Table 3-10 shows the action-qualifier priority for up-count mode. In this case, the counter direction is always
defined as up and thus down-count events will never be taken.

Table 3-10. Action-Qualifier Event Priority for Up-Count Mode

Priority Level Event
1 (Highest) Software forced event
2 Counter equal to period (TBPRD)
3 Counter equal to CMPB on up-count (CBU)
4 Counter equal to CMPA on up-count (CAU)
5 (Lowest) Counter equal to Zero

Table 3-11 shows the action-qualifier priority for down-count mode. In this case, the counter direction is always
defined as down and thus up-count events will never be taken.

Table 3-11. Action-Qualifier Event Priority for Down-Count Mode

Priority Level Event
1 (Highest) Software forced event
2 Counter equal to Zero
3 Counter equal to CMPB on down-count (CBD)
4 Counter equal to CMPA on down-count (CAD)
5 (Lowest) Counter equal to period (TBPRD)

It is possible to set the compare value greater than the period. In this case the action will take place as shown in
Table 3-12.

Table 3-12. Behavior if CMPA/CMPB is Greater than the Period

Counter Mode Compare on Up-Count Event Compare on Down-Count Event
CAU/CBU CAD/CBD

Up-Count Mode If CMPA/CMPB < TBPRD period, then the event occurs  Never occurs.
on a compare match (TBCTR=CMPA or CMPB).

If CMPA/CMPB > TBPRD, then the event will not occur.
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Table 3-12. Behavior if CMPA/CMPB is Greater than the Period (continued)

Counter Mode Compare on Up-Count Event Compare on Down-Count Event
CAU/CBU CAD/CBD
Down-Count Mode Never occurs. If CMPA/CMPB < TBPRD, the event will occur on a

compare match (TBCTR=CMPA or CMPB).

If CMPA/CMPB 2 TBPRD, the event will occur on a
period match (TBCTR=TBPRD).

Up-Down-Count If CMPA/CMPB < TBPRD and the counter is If CMPA/CMPB < TBPRD and the counter is
Mode incrementing, the event occurs on a compare match decrementing, the event occurs on a compare match
(TBCTR=CMPA or CMPB). (TBCTR=CMPA or CMPB).
If CMPA/CMPB is = TBPRD, the event will occur on a If CMPA/CMPB = TBPRD, the event occurs on a period
period match (TBCTR = TBPRD). match (TBCTR=TBPRD).

3.2.4.4 Waveforms for Common Configurations

Note
The waveforms in this document show the ePWMs behavior for a static compare register value. In
a running system, the active compare registers (CMPA and CMPB) are typically updated from their
respective shadow registers once every period. The user specifies when the update will take place;
either when the time-base counter reaches zero or when the time-base counter reaches period. There
are some cases when the action based on the new value can be delayed by one period or the action
based on the old value can take effect for an extra period. Some PWM configurations avoid this
situation. These include, but are not limited to, the following:

Use up-down-count mode to generate a symmetric PWM:

* If you load CMPA/CMPB on zero, then use CMPA/CMPB values greater than or equal to 1.
* If you load CMPA/CMPB on period, then use CMPA/CMPB values less than or equal to TBPRD-1.

This means there will always be a pulse of at least one TBCLK cycle in a PWM period which, when
very short, tend to be ignored by the system.

Use up-down-count mode to generate an asymmetric PWM:

» To achieve 50%-0% asymmetric PWM use the following configuration: Load CMPA/CMPB on
period and use the period action to clear the PWM and a compare-up action to set the PWM.
Modulate the compare value from 0 to TBPRD to achieve 50%-0% PWM duty.

When using up-count mode to generate an asymmetric PWM:

» To achieve 0-100% asymmetric PWM use the following configuration: Load CMPA/CMPB on
TBPRD. Use the Zero action to set the PWM and a compare-up action to clear the PWM. Modulate
the compare value from 0 to TBPRD+1 to achieve 0-100% PWM duty.

See Using the ePWM Module for 0% - 100% Duty Cycle Control. The software configurations
described in this application report are not applicable when changing compare registers from a
non-zero value to zero. However, they still apply when changing from a compare value of 0 to a
non-zero value.

Figure 3-21 shows how a symmetric PWM waveform can be generated using the up-down-count mode of the
TBCTR. In this mode 0%-100% DC modulation is achieved by using equal compare matches on the up count
and down count portions of the waveform. In the example shown, CMPA is used to make the comparison.
When the counter is incrementing the CMPA match will pull the PWM output high. Likewise, when the counter is
decrementing the compare match will pull the PWM signal low. When CMPA = TBPRD, the PWM signal is low
for the entire period giving the 0% duty waveform. When CMPA = 0, the PWM signal is high achieving 100%
duty.
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When using this configuration in practice, if you load CMPA/CMPB on zero, then use CMPA/CMPB values
greater than or equal to 1. If you load CMPA/CMPB on period, then use CMPA/CMPB values less than or equal
to TBPRD-1. This means there will always be a pulse of at least one TBCLK cycle in a PWM period which, when
very short, tend to be ignored by the system.

Mode: Up-Down Count

TBPRD = 4

CAU = SET, CAD = CLEAR

0% - 100% Duty

TBCTR

TBCTR Direction

Case 1:
CMPA =4, 0% Duty

Case 2:
CMPA = 3, 25% Duty

Case 3:
CMPA = 2, 50% Duty

Case 3:
CMPA = 1, 75% Duty

Case 4:

CMPA =0, 100% Duty

4

DOWN

Figure 3-21. Up-Down-Count Mode Symmetrical Waveform

EPWMxA/EPWMxB

EPWMxA/EPWMxB

EPWMxA/EPWMxB

EPWMxA/EPWMxB

EPWMxA/EPWMxB

The PWM waveforms in Figure 3-22 through Figure 3-27 show some common action-qualifier configurations.
The C-code samples in Example 3-1 through Example 3-6 shows how to configure an ePWM module for each
case. Some conventions used in the figures and examples are as follows:

TBPRD, CMPA, and CMPB refer to the value written in their respective registers. The active register, not the
shadow register, is used by the hardware.
CMPXx, refers to either CMPA or CMPB.

EPWMxA and EPWMXxB refer to the output signals from ePWMx
Up-Down means Count-up-and-down mode, Up means up-count mode and Dwn means down-count mode
Sym = Symmetric, Asym = Asymmetric
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Example 3-1 contains a code sample showing initialization and run time for the waveforms in Figure 3-22.

TBCTR

TBPRD
value

EPWMXxA

EPWMxB |

PWM period = (TBPRD + 1) x T1gcLk

moow»

period to 0000.

Figure 3-22. Up, Single Edge Asymmetric Waveform, With Independent Modulation on EPWMXxA and

Duty modulation for EPWMXA is set by CMPA, and is active high (that is, high time duty proportional to CMPA).
Duty modulation for EPWMxB is set by CMPB and is active high (that is, high time duty proportional to CMPB).
The "Do Nothing" actions ( X ) are shown for completeness, but will not be shown on subsequent diagrams.

Actions at zero and period, although appearing to occur concurrently, are actually separated by one TBCLK period. TBCTR wraps from

EPWMxB—Active High

Example 3-1. Code Sample for Figure 3-22

// Initialization Time

//

//
//

601 TBCLK counts
Compare A = 350 TBCLK counts
Compare B = 200 TBCLK counts
Set Phase register to zero
clear TB counter

Period =

Phase loading disabled

TBCLK = SYSCLK

load on CTR
load on CTR

Zero
Zero

// =============c==========-=
EPwmlRegs.TBPRD = 600;

EPwmlRegs.CMPA.half.CMPA = 350;

EPwmlRegs.CMPB = 200;

EPwmlRegs.TBPHS = 0;

EPwmlRegs.TBCTR = 0;
EPwmlRegs.TBCTL.bit.CTRMODE = TB COUNT UP;
EPwmlRegs.TBCTL.bit.PHSEN = TB DISABLE;
EPwmlRegs.TBCTL.bit.PRDLD = TB SHADOW;
EPwmlRegs.TBCTL.bit.SYNCOSEL = TB_ SYNC DISABLE;
EPwmlRegs.TBCTL.bit.HSPCLKDIV = TB DIV1;
EPwmlRegs.TBCTL.bit.CLKDIV = TB DIV1;
EPwmlRegs.CMPCTL.bit.SHDWAMODE = CC_SHADOW;
EPwmlRegs.CMPCTL.bit.SHDWBMODE = CC_ SHADOW;
EPwmlRegs.CMPCTL.bit.LOADAMODE = CC CTR ZERO;
EPwmlRegs.CMPCTL.bit.LOADBMODE = CC_ CTR ZERO;
EPwmlRegs.AQCTLA.bit.ZRO = AQ SET;
EPwmlRegs.AQCTLA.bit.CAU = AQ CLEAR;
EPwmlRegs.AQCTLB.bit.ZRO = AQ SET;
EPwmlRegs.AQCTLB.bit.CBU = AQ CLEAR;

//

// Run Time

// ===================>=>==-=-=
EPwmlRegs.CMPA.half.CMPA = DutylA;

EPwmlRegs.CMPB = DutylB;

adjust duty
adjust duty

for output EPWMIA
for output EPWMIB
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Example 3-2 contains a code sample showing initialization and run time for the waveforms in Figure 3-23.

TBCTR

TBPRD

value gt 1
| \
\ | \ |
\ | \ |
P } CA P } CA P
v | 4 v | 4 v
| | | | | | |
\ \
EPWMxA \ }
| |
1
P CB P CB P
v 4 v 4 v
EPWMxB

PWM period = (TBPRD + 1) x Trgcik

Duty modulation for EPWMXA is set by CMPA, and is active low (that is, the low time duty is proportional to CMPA).

Duty modulation for EPWMNxB is set by CMPB and is active low (that is, the low time duty is proportional to CMPB).

Actions at zero and period, although appearing to occur concurrently, are actually separated by one TBCLK period. TBCTR wraps from
period to 0000.

oow® >

Figure 3-23. Up, Single Edge Asymmetric Waveform With Independent Modulation on EPWMxA and
EPWMxB—Active Low
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Example 3-2. Code Sample for Figure 3-23

// Initialization Time

// ======s=s=s=s=s=s=s=s=s=========-=

EPwmlRegs.TBPRD = 600; // Period = 601 TBCLK counts
EPwmlRegs.CMPA.half.CMPA = 350; // Compare A = 350 TBCLK counts
EPwmlRegs.CMPB = 200; // Compare B = 200 TBCLK counts
EPwmlRegs.TBPHS = 0; // Set Phase register to zero
EPwmlRegs.TBCTR = 0; // clear TB counter
EPwmlRegs.TBCTL.bit.CTRMODE = TB COUNT UP;

EPwmlRegs.TBCTL.bit.PHSEN = TB DISABLE; // Phase loading disabled

EPwmlRegs.TBCTL.bit.PRDLD = TB_SHADOW;

EPwmlRegs.TBCTL.bit.SYNCOSEL = TB SYNC DISABLE;
EPwmlRegs.TBCTL.bit.HSPCLKDIV = TB DIV1; // TBCLK = SYSCLKOUT
EPwmlRegs.TBCTL.bit.CLKDIV = TB DIV1;

EPwmlRegs.CMPCTL.bit.SHDWAMODE = CC_SHADOW;
EPwmlRegs.CMPCTL.bit.SHDWBMODE = CC_SHADOW;
EPwmlRegs.CMPCTL.bit.LOADAMODE = CC CTR _ZERO; // load on TBCTR = Zero
EPwmlRegs.CMPCTL.bit.LOADBMODE = CC CTR ZERO; // load on TBCTR = Zero
EPwmlRegs.AQCTLA.bit.PRD = AQ CLEAR;

EPwmlRegs.AQCTLA.bit.CAU = AQ SET;

EPwmlRegs.AQCTLB.bit.PRD = AQ CLEAR;

EPwmlRegs.AQCTLB.bit.CBU = AQ SET;

//
// Run Time
// ======================-=-=
EPwmlRegs.CMPA.half.CMPA = DutylA; // adjust duty for output EPWMIA
EPwmlRegs.CMPB = DutylB; // adjust duty for output EPWMIB
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Example 3-3 contains a code sample showing initialization and run time for the waveforms Figure 3-24. Use the

constant definitions in the device-specific header file.

TBCTR

TBPRD
value

EPWMxA

EPWMxB

A.  PWM frequency = 1/( (TBPRD + 1) x Trgoik )
B. Pulse can be placed anywhere within the PWM cycle (0000 - TBPRD)
C. High time duty proportional to (CMPB - CMPA)
D. EPWMxB can be used to generate a 50% duty square wave with frequency = € x ((TBPRD + 1) x TBCLK)
Figure 3-24. Up-Count, Pulse Placement Asymmetric Waveform With Independent Modulation on
EPWMxA
Example 3-3. Code Sample for Figure 3-24
// Initialization Time
// ======================-=-=
EPwmlRegs.TBPRD = 600; // Period = 601 TBCLK counts
EPwmlRegs.CMPA.half.CMPA = 200; // Compare A = 200 TBCLK counts

EPwmlRegs.CMPB = 400; //
EPwmlRegs.TBPHS = 0; //
EPwmlRegs.TBCTR = 0; //

EPwmlRegs.TBCTL.bit.CTRMODE = TB COUNT UP;
EPwmlRegs.TBCTL.bit.PHSEN = TB DISABLE; //
EPwmlRegs.TBCTL.bit.PRDLD = TB_SHADOW;
EPwmlRegs.TBCTL.bit.SYNCOSEL = TB SYNC DISABLE;
EPwmlRegs.TBCTL.bit.HSPCLKDIV = TB DIVI; //
EPwmlRegs.TBCTL.bit.CLKDIV = TB DIV1;
EPwmlRegs.CMPCTL.bit.SHDWAMODE = CC_SHADOW;
EPwmlRegs.CMPCTL.bit.SHDWBMODE = CC_SHADOW;
EPwmlRegs.CMPCTL.bit.LOADAMODE = CC_CTR ZERO; //
EPwmlRegs.CMPCTL.bit.LOADBMODE = CC CTR ZERO; //
EPwmlRegs.AQCTLA.bit.CAU = AQ SET;
EPwmlRegs.AQCTLA.bit.CBU = AQ CLEAR;
EPwmlRegs.AQCTLB.bit.ZRO = AQ TOGGLE;

//

// Run Time

// =======================

EPwmlRegs.CMPA.half.CMPA =
EPwmlRegs.CMPB = EdgePosB;

EdgePosA;

Compare B =

400 TBCLK counts

Set Phase register to zero

clear TB counter

Phase loading disabled

TBCLK =

load on TBCTR
load on TBCTR

SYSCLKOUT

Zero
Zero

// adjust duty for output EPWMIA only
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Example 3-4 contains a code sample showing initialization and run time for the waveforms in Figure 3-25. Use

the constant definitions in the device-specific header file.

TBCTR

TBPRD
value

EPWMxA

EPWMxB

PWM period = 2 x TBPRD x TygcLk

Duty modulation for EPWMXA is set by CMPA, and is active low (that is, the low time duty is proportional to CMPA).
Duty modulation for EPWMxB is set by CMPB and is active low (that is, the low time duty is proportional to CMPB).
Outputs EPWMxA and EPWMXxB can drive independent power switches

oo w®»

Figure 3-25. Up-Down-Count, Dual Edge Symmetric Waveform, With Independent Modulation on

EPWMxA and EPWMxB — Active Low

Example 3-4. Code Sample for Figure 3-25

// Initialization Time

// =======================-=

EPwmlRegs.TBPRD = 600; // Period = 27600 TBCLK counts
EPwmlRegs.CMPA.half.CMPA = 400; // Compare A = 400 TBCLK counts
EPwmlRegs.CMPB = 500; // Compare B = 500 TBCLK counts
EPwmlRegs.TBPHS = 0; // Set Phase register to zero
EPwmlRegs.TBCTR = 0; // clear TB counter
EPwmlRegs.TBCTL.bit.CTRMODE = TB COUNT_ UPDOWN; // Symmetric
xEPwmlRegs.TBCTL.bit.PHSEN = TB DISABLE; // Phase loading disabled

xEPwmlRegs.TBCTL.bit.PRDLD = TB_SHADOW;
EPwmlRegs.TBCTL.bit.SYNCOSEL = TB_ SYNC DISABLE;
EPwmlRegs.TBCTL.bit.HSPCLKDIV = TB DIVI1; // TBCLK = SYSCLKOUT
EPwmlRegs.TBCTL.bit.CLKDIV = TB DIV1;

EPwmlRegs.CMPCTL.bit.SHDWAMODE = CC_SHADOW;
EPwmlRegs.CMPCTL.bit.SHDWBMODE CC_SHADOW;

EPwmlRegs.CMPCTL.bit.LOADAMODE = CC_CTR ZERO; // load on CTR = Zero

EPwmlRegs.CMPCTL.bit.LOADBMODE = CC CTR ZERO; // load on CTR = Zero

EPwmlRegs.AQCTLA.bit.CAU = AQ SET;

EPwmlRegs.AQCTLA.bit.CAD = AQ CLEAR;

EPwmlRegs.AQCTLB.bit.CBU = AQ SET;

EPwmlRegs.AQCTLB.bit.CBD = AQ CLEAR;

//

// Run Time

// ===================>=>=>=-=-=

EPwmlRegs.CMPA.half.CMPA = DutylA; // adjust duty for output EPWMIA

EPwmlRegs.CMPB = DutylB; // adjust duty for output EPWM1B
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Example 3-5 contains a code sample showing initialization and run time for the waveforms in Figure 3-26. Use
the constant definitions in the device-specific header file.

TBCTR

TBPRD
value

PWM period = 2 x TBPRD x Trgcik

moow»

more classical edge delay method is required.

Duty modulation for EPWMNXA is set by CMPA, and is active low, that is, low time duty proportional to CMPA

Duty modulation for EPWMNxB is set by CMPB and is active high, that is, high time duty proportional to CMPB
Outputs EPWMx can drive upper/lower (complementary) power switches
Dead-band = CMPB - CMPA (fully programmable edge placement by software). Note the dead-band module is also available if the

Figure 3-26. Up-Down-Count, Dual Edge Symmetric Waveform, With Independent Modulation on
EPWMxA and EPWMxB — Complementary

Example 3-5. Code Sample for Figure 3-26

// Initialization Time

EPwmlRegs.TBPRD = 600;
EPwmlRegs.CMPA.half.CMPA =

EPwmlRegs.CMPB = 400;
EPwmlRegs.TBPHS = 0;
EPwmlRegs.TBCTR = 0;

EPwmlRegs.TBCTL.bit.
EPwmlRegs.TBCTL.bit.
EPwmlRegs.TBCTL.bit.
EPwmlRegs.TBCTL.bit.
EPwmlRegs.TBCTL.bit.
EPwmlRegs.TBCTL.bit.
EPwmlRegs.CMPCTL.
EPwmlRegs.CMPCTL.
EPwmlRegs.CMPCTL.
EPwmlRegs.CMPCTL.
EPwmlRegs.AQCTLA.
EPwmlRegs.AQCTLA.
EPwmlRegs.AQCTLB.
EPwmlRegs.AQCTLB.
// Run Time

CTRMODE =
PHSEN = TB DISABLE;
PRDLD = TB_SHADOW;
SYNCOSEL = TB_ -
HSPCLKDIV = TB DIV1;
CLKDIV = TB DIVI;
.SHDWAMODE = CC_SHADOW;
.SHDWBMODE = CC_SHADOW;
. LOADAMODE
. LOADBMODE
.CAU = AQ SET;
.CAD = AQ CLEAR;
.CBU = AQ CLEAR;
.CBD = AQ SET;

EPwmlRegs.CMPA.half.CMPA =
EPwmlRegs.CMPB = DutylB;

DutylA;

TB_COUNT_UPDOWN; //

CC_CTR_ZERO; // load on CTR
= CC_CTR_ZERO; // load on CTR

Period =
Compare A

Symmetric
// Phase loading

TB SYNC DISABLE;

// TBCLK =

// adjust duty for
// adjust duty for

27600 TBCLK counts
350 TBCLK counts
Compare B = 400 TBCLK counts
Set Phase register to
clear TB counter

zero

disabled

SYSCLKOUT

Zero
Zero

output EPWMIA
output EPWM1B
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Example 3-6 contains a code sample showing initialization and run time for the waveforms in Figure 3-27. Use
the constant definitions in the device-specific header file.

TBCTR

EPWMxB

PWM period = 2 x TBPRD x TBCLK

Duty modulation for EPWMXA is set by CMPA and CMPB.

Mmoo w»

Low time duty for EPWMXxA is proportional to (CMPA + CMPB).
To change this example to active high, CMPA and CMPB actions need to be inverted (that is, Set ! Clear and Clear Set).
Duty modulation for EPWMxB is fixed at 50% (utilizes spare action resources for EPWMxB)

Rising edge and falling edge can be asymmetrically positioned within a PWM cycle. This allows for pulse placement techniques.

Figure 3-27. Up-Down-Count, Dual Edge Asymmetric Waveform, With Independent Modulation on
EPWMxA—Active Low

Example 3-6. Code Sample for Figure 3-27

// Initialization Time
//
EPwmlRegs.TBPRD = 600;

EPwmlRegs.CMPA.half.CMPA =

EPwmlRegs.CMPB = 450;
EPwmlRegs.TBPHS = 0;
EPwmlRegs.TBCTR = 0;

EPwmlRegs.TBCTL.bit.CTRMODE = TB COUNT UPDOWN;
EPwmlRegs.TBCTL.bit.PHSEN = TB DISABLE;
EPwmlRegs.TBCTL.bit.PRDLD = TB SHADOW;

EPwmlRegs.TBCTL.bit
EPwmlRegs.TBCTL.bit.
EPwmlRegs.TBCTL.bit.
EPwmlRegs.CMPCTL.
EPwmlRegs.CMPCTL.
EPwmlRegs.CMPCTL.
EPwmlRegs.CMPCTL.
EPwmlRegs.AQCTLA.
EPwmlRegs.AQCTLA.
EPwmlRegs.AQCTLB.
EPwmlRegs.AQCTLB.
// Run Time

//
EPwmlRegs.CMPA.half.CMPA =
EPwmlRegs.CMPB = EdgePosB;

HSPCLKDIV =
CLKDIV =
. SHDWAMODE
. SHDWBMODE B
.LOADAMODE = CC_CTR ZERO;
.LOADBMODE = CC_CTR ZERO;
.CAU = AQ SET;

.CBD = AQ CLEAR;

AQ CLEAR;

AQ_SET;

TB DIVI;

TB DIV1;
CC_SHADOW;

CC_SHADOW;

EdgePosA;

.SYNCOSEL = TB_SYNC DISABLE;

// Period = 2 600 TBCLK counts
// Compare A = 250 TBCLK counts
// Compare B = 450 TBCLK counts
// Set Phase register to zero

// clear TB counter

// Symmetric

// Phase loading disabled

// TBCLK = SYSCLKOUT

// load on CTR = Zero

// load on CTR = Zero

// adjust duty

for output EPWMIA only
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3.2.5 Dead-Band Generator (DB) Submodule
Figure 3-28 illustrates the dead-band submodule within the ePWM module.
Tlmsei B:aslg Event EPWMXxINT PIE
. S oanals, | Trigger
EPWMxSYNCI Action Counter Compare and EPWMxSOCA
EE— Qualifier Signals ———— >
CTR=PRD 1L (AQ) Digital Compare Interrupt ADC
. Ld
FPINXEYRCO T'mg-g)ase cTtrR=01t Signaly, | (ET) | EPWMxsOCB
Digital Compare CTR Dir -
Signals i
— =TT
EPWMxA
U EPWMXA [ ia > EPWNVLE 2
EPWMXB [ = > - »{ GPIO
geag EWM- TZ1t0 TZ3 MUX
- n an chopper ) <
CTR = CMPA - L= (PC) i | EmMusTOP
Counter Zone | CPU
Compare (TZ) | CLOCKFAIL
»> = EQEPT1ERR
- < EQEP1
EPWMxTZINT E
FPIE
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COMP
Digital Compare Cogpare _
Signals (DC)

Figure 3-28. Dead-Band Submodule

3.2.5.1 Purpose of the Dead-Band Submodule

The "Action-qualifier (AQ) Module" section discussed how it is possible to generate the required dead-band

by having full control over edge placement using both the CMPA and CMPB resources of the ePWM module.
However, if the more classical edge delay-based dead-band with polarity control is required, then the dead-band
submodule described here should be used.

The key functions of the dead-band module are:

» Generating appropriate signal pairs (EPWMxA and EPWMXxB) with dead-band relationship from a single
EPWMXA input

* Programming signal pairs for:

Active high (AH)

Active low (AL)

Active high complementary (AHC)
— Active low complementary (ALC)

* Adding programmable delay to rising edges (RED)

» Adding programmable delay to falling edges (FED)

» Can be totally bypassed from the signal path (note dotted lines in diagram)

3.2.5.2 Controlling and Monitoring the Dead-Band Submodule
The dead-band submodule operation is controlled and monitored via the following registers:

Table 3-13. Dead-Band Generator Submodule Registers

Register Address Offset Shadowed Description Bit Description
DBCTL 0x000F No Dead-Band Control Register Section 3.4.4.1
DBRED 0x0010 No Dead-Band Rising Edge Delay Count Register Section 3.4.4.2
DBFED 0x0011 No Dead-Band Falling Edge Delay Count Register Section 3.4.4.3
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3.2.5.3 Operational Highlights for the Dead-Band Submodule

The following sections provide the operational highlights. The dead-band submodule has two groups of
independent selection options as shown in Figure 3-29.

EPWMxB in ®

Input Source Selection: The input signals to the dead-band module are the EPWMxA and EPWMxB output
signals from the action-qualifier. In this section they will be referred to as EPWMxA In and EPWMxB In.
Using the DBCTL[IN_MODE) control bits, the signal source for each delay, falling-edge or rising-edge, can be
selected:

— EPWMXA In is the source for both falling-edge and rising-edge delay. This is the default mode.

— EPWMKXA In is the source for falling-edge delay, EPWMxB In is the source for rising-edge delay.

— EPWMXA In is the source for rising edge delay, EPWMxB In is the source for falling-edge delay.

— EPWMXxB In is the source for both falling-edge and rising-edge delay.

Half Cycle Clocking: The dead-band submodule can be clocked using half cycle clocking to double the
resolution (that is, counter clocked at 2x TBCLK).

Output Mode Control: The output mode is configured by way of the DBCTL[OUT_MODE] bits. These bits
determine if the falling-edge delay, rising-edge delay, neither, or both are applied to the input signals.
Polarity Control: The polarity control (DBCTL[POLSEL]) allows you to specify whether the rising-edge
delayed signal and/or the falling-edge delayed signal is to be inverted before being sent out of the dead-band
submodule.

| | || Risingedge |l | 0 g | | Os1 | EPWMXxA
. I 0 g4 I | delay I | RED |
EPWMXA in o)
Hﬂ—%—'—’fl In Out | |1 |
1
[ 1 I (10-bit | | | | |
| | | counter) | | | | |
| I | | | I |
I I | Falling edge I I 0 g3 I I I
| 0ss | | delay | | re0 | 150 | o
[ oo—ta{mn  ou +Q ﬁ1 . [ o—+——
| | | counter) | | [ | |
—_—— — —_—— —_——
= { 4
DBCTL[IN_MODE] DBCTL[HALFCYCLE] DBCTL[POLSEL] DBCTL[OUT_MODE]

Figure 3-29. Configuration Options for the Dead-Band Submodule

Although all combinations are supported, not all are typical usage modes. Table 3-14 documents some classical
dead-band configurations. These modes assume that the DBCTL[IN_MODE] is configured such that EPWMXxA
In is the source for both falling-edge and rising-edge delay. Enhanced, or non-traditional modes can be achieved
by changing the input signal source. The modes shown in Table 3-14 fall into the following categories:

Mode 1: Bypass both falling-edge delay (FED) and rising-edge delay (RED). Allows you to fully disable
the dead-band submodule from the PWM signal path.

Mode 2-5: Classical Dead-Band Polarity Settings. These represent typical polarity configurations that
should address all the active high/low modes required by available industry power switch gate drivers. The
waveforms for these typical cases are shown in Figure 3-30. Note that to generate equivalent waveforms to
Figure 3-30, configure the action-qualifier submodule to generate the signal as shown for EPWMXxA.
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* Mode 6: Bypass rising-edge-delay and Mode 7: Bypass falling-edge-delay. Finally the last two entries in
Table 3-14 show combinations where either the falling-edge-delay (FED) or rising-edge-delay (RED) blocks
are bypassed.

Table 3-14. Classical Dead-Band Operating Modes
DBCTL[POLSEL] DBCTL[OUT_MODE]

Mode Mode Description
S3 S2 S1 S0
1 EPWMxA and EPWMxB Passed Through (No Delay) X X 0 0
2 Active High Complementary (AHC) 1 0 1 1
3 Active Low Complementary (ALC) 0 1 1 1
4 Active High (AH) 0 0 1 1
5 Active Low (AL) 1 1 1 1

EPWMxA Out = EPWMXA In (No Delay)
6 ) ) Oor1 Oor1 0 1
EPWMxB Out = EPWMXxA In with Falling Edge Delay

EPWMXxA Out = EPWMXxA In with Rising Edge Delay
7 Oor1 Oor1 1 0
EPWMxB Out = EPWMxB In with No Delay

The dead-band submodule supports independent values for rising-edge (RED) and falling-edge (FED) delays.
The amount of delay is programmed using the DBRED and DBFED registers. These are 10-bit registers and
their value represents the number of time-base clock, TBCLK, periods a signal edge is delayed by. For example,
the formulas to calculate falling-edge-delay and rising-edge-delay are:

FED = DBFED x TTBCLK
RED = DBRED x TtgcLk

Where TtgcLk is the period of TBCLK, the prescaled version of SYSCLKOUT.

When half-cycle clocking is enabled, the formula to calculate the falling-edge-delay and rising-edge-delay
becomes:

FED = DBFED x TTBCLK/2
RED = DBRED x TTBCLK/2

Figure 3-30 shows waveforms for typical cases where 0% < duty < 100%.
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Figure 3-30. Dead-Band Waveforms for Typical Cases (0% < Duty < 100%)
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3.2.6 PWM-Chopper (PC) Submodule
Figure 3-31 shows the PWM-chopper (PC) submodule within the ePWM module.

The PWM-chopper submodule allows a high-frequency carrier signal to modulate the PWM waveform generated
by the action-qualifier and dead-band submodules. This capability is important if you need pulse transformer-
based gate drivers to control the power switching elements.

Ti
ime Base Event EPWMXINT PIE
SlgnalsI Trigger
EPWMxSYNCI Action Counter Compare and EPWMxSOCA
— 2 5] Qualifier Signalg v
CTR=PRD 1 (AQ) Digital Compare Interrupt ADC
EPWMxSYNCO | — v -
ECVMXSYNCO | T|m((_a|_—§)ase CTR=0 ﬂ# Signalg (ET) | EPWMXSOCB
Digital Compare CTR Dir -
Signals ”
EPWMXxA
EPWMXA [ ia > EPWMxB >
U EPWNMXB | = > = > GPIO
Ié)eag PWM- 'LZ‘I to TZ3 MUX
CTR = CMPA L S I il B (R
> (DB) (PC) P | EmusTOP
Counter Zone | ¢ E
Compare (TZ) | CLOCKFAIL
(CC) CTR=CMPB 1L TR0 h SYSCTRL
> = EQEP1ERR
———> < [CEcEePT]
EPWMXTZINT Q
-PIE ¢

M
Digital COMPXOUT]
COMP
Digital Compare Co(gg?re _

Signals

Figure 3-31. PWM-Chopper Submodule

3.2.6.1 Purpose of the PWM-Chopper Submodule
The key functions of the PWM-chopper submodule are:

* Programmable chopping (carrier) frequency

* Programmable pulse width of first pulse

» Programmable duty cycle of second and subsequent pulses
» Can be fully bypassed if not required

3.2.6.2 Controlling the PWM-Chopper Submodule
The PWM-chopper submodule operation is controlled via the registers in Table 3-15.

Table 3-15. PWM-Chopper Submodule Registers
Register Address Offset Shadowed Description Bit Description

PCCTL 0x001E No PWM-chopper Control Register Section 3.4.7.1

3.2.6.3 Operational Highlights for the PWM-Chopper Submodule

Figure 3-32 shows the operational details of the PWM-chopper submodule. The carrier clock is derived from
SYSCLKOUT. Its frequency and duty cycle are controlled via the CHPFREQ and CHPDUTY bits in the PCCTL
register. The one-shot block is a feature that provides a high energy first pulse to ensure hard and fast power
switch turn on, while the subsequent pulses sustain pulses, ensuring the power switch remains on. The one-shot
width is programmed via the OSHTWTH bits. The PWM-chopper submodule can be fully disabled (bypassed)
via the CHPEN bit.
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Figure 3-32. PWM-Chopper Submodule Operational Details

3.2.6.4 Waveforms

Figure 3-33 shows simplified waveforms of the chopping action only; one-shot and duty-cycle control are not
shown. Details of the one-shot and duty-cycle control are discussed in the following sections.
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Figure 3-33. Simple PWM-Chopper Submodule Waveforms Showing Chopping Action Only
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3.2.6.4.1 One-Shot Pulse

The width of the first pulse can be programmed to any of 16 possible pulse width values. The width or period of

the first pulse is given by:

T1stpuise = TsyscLkouT X 8 x OSHTWTH

Where TsyscLkour is the period of the system clock (SYSCLKOUT) and OSHTWTH is the four control bits

(value from 1 to 16).

Figure 3-34 shows the first and subsequent sustaining pulses and Table 3-16 gives the possible pulse width

values for a SYSCLKOUT = 60 MHz.
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Figure 3-34. PWM-Chopper Submodule Waveforms Showing the First Pulse and Subsequent Sustaining

Pulses

Table 3-16. Possible Pulse Width Values for
SYSCLKOUT = 60 MHz

OSHTWTHz

(hex)

(nS)

Pulse Width

0

MmO O @ > © 0 N o a h w N =

133
267
400
533
667
800
933
1067
1200
1333
1467
1600
1733
1867
2000
2133
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3.2.6.4.2 Duty Cycle Control

Pulse transformer-based gate drive designs need to comprehend the magnetic properties or characteristics of
the transformer and associated circuitry. Saturation is one such consideration. To assist the gate drive designer,
the duty cycles of the second and subsequent pulses have been made programmable. These sustaining pulses
ensure the correct drive strength and polarity is maintained on the power switch gate during the on period, and
hence a programmable duty cycle allows a design to be tuned or optimized via software control.

Figure 3-35 shows the duty cycle control that is possible by programming the CHPDUTY bits. One of seven
possible duty ratios can be selected ranging from 12.5% to 87.5%.
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Figure 3-35. PWM-Chopper Submodule Waveforms Showing the Pulse Width (Duty Cycle) Control of
Sustaining Pulses
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3.2.7 Trip-Zone (TZ) Submodule
Figure 3-36 shows how the trip-zone (TZ) submodule fits within the ePWM module.

Each ePWM module is connected to six TZn signals (TZ1 to TZ6). TZ1 to TZ3 are sourced from the GPIO mux.
TZ4 is sourced from an inverted EQEP1ERR signal on those devices with an EQEP1 module. TZ5 is connected
to the system clock fail logic, and TZ6 is sourced from the EMUSTOP output from the CPU. These signals
indicate external fault or trip conditions, and the ePWM outputs can be programmed to respond accordingly
when faults occur.

T
ime Base Event EPWMXINT PIE
SlgnalsI Trigger
EPWMxSYNCI Action Counter Compare and EPWMxSOCA
— 2 5] Qualifier Signalg v
CTR=PRD 1 (AQ) Digital Compare Interrupt ADC
EPWMxSYNCO | — 4 -
ECVMXSYNCO | T|m((_=,|_—§)ase CTR=0 ﬂ# Signalg (ET) | EPWMXSOCB
Digital Compare CTR Dir -
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EPWMXxA
EPWMXA [ ia > EPWNVLE >
U EPWNMXB | = > = > GPIO
Beag PWM- 'LZ1 to TZ3 MUX
CTR = CMPA L o || eheeeert | [
> (DB) (PC) P | EmMUsTOP
Counter Zone | ¢ E
Compare (TZ) | CLOCKFAIL
(CC) CTR=CMPB 1L TR0 -~ SYSCTRL
> = EQEP1ERR
——> < [CEcEePT]
EPWMXTZINT Q
-PIE ¢

M
Digital COMPXOUT]
COMP
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Figure 3-36. Trip-Zone Submodule

3.2.7.1 Purpose of the Trip-Zone Submodule

The key functions of the Trip-Zone submodule are:

Trip inputs TZ1 to TZ6 can be flexibly mapped to any ePWM module.

Upon a fault condition, outputs EPWMxA and EPWMxB can be forced to one of the following:

High

— Low

High-impedance

— No action taken

Support for one-shot trip (OSHT) for major short circuits or over-current conditions.

Support for cycle-by-cycle tripping (CBC) for current limiting operation.

Support for digital compare tripping (DC) based on state of on-chip analog comparator module outputs and/or
TZ1 to TZ3 signals.

Each trip-zone input and digital compare (DC) submodule DCAEVT1/2 or DCBEVT1/2 force event can be
allocated to either one-shot or cycle-by-cycle operation.

Interrupt generation is possible on any trip-zone input.

Software-forced tripping is also supported.

The trip-zone submodule can be fully bypassed if it is not required.
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3.2.7.2 Controlling and Monitoring the Trip-Zone Submodule
The trip-zone submodule operation is controlled and monitored through the following registers:

Table 3-17. Trip-Zone Submodule Registers

Register Address Offset Shadowed Description () Bit Description
TZSEL 0x0012 No Trip-Zone Select Register Section 3.4.5.1
TZDCSEL 0x0013 No Trip-zone Digital Compare Select Register (2) Section 3.4.5.2
TZCTL 0x0014 No Trip-Zone Control Register Section 3.4.5.3
TZEINT 0x0015 No Trip-Zone Enable Interrupt Register Section 3.4.5.4
TZFLG 0x0016 No Trip-Zone Flag Register Section 3.4.5.5
TZCLR 0x0017 No Trip-Zone Clear Register Section 3.4.5.6
TZFRC 0x0018 No Trip-Zone Force Register Section 3.4.5.7

(1)  All trip-zone registers are EALLOW protected and can be modified only after executing the EALLOW instruction. For more information,
see the System Control and Interrupts chapter.
(2) This register is discussed in more detail in Section 3.2.9.

3.2.7.3 Operational Highlights for the Trip-Zone Submodule
The following sections describe the operational highlights and configuration options for the trip-zone submodule.

The trip-zone signals TZ1 to TZ6 (also collectively referred to as TZn) are active low input signals. When one of
these signals goes low, or when a DCAEVT1/2 or DCBEVT1/2 force happens based on the TZDCSEL register
event selection, it indicates that a trip event has occurred. Each ePWM module can be individually configured

to ignore or use each of the trip-zone signals or DC events. Which trip-zone signals or DC events are used by

a particular ePWM module is determined by the TZSEL register for that specific ePWM module. The trip-zone
signals may or may not be synchronized to the system clock (SYSCLKOUT) and digitally filtered within the GPIO
MUX block. A minimum of 3*TBCLK low pulse width on TZn inputs is sufficient to trigger a fault condition on

the ePWM module. If the pulse width is less than this, the trip condition may not be latched by CBC or OST
latches. The asynchronous trip makes sure that if clocks are missing for any reason, the outputs can still be
tripped by a valid event present on TZn inputs . The GPIOs or peripherals must be appropriately configured. For
more information, see the System Control and Interrupts chapter.

Each TZn input can be individually configured to provide either a cycle-by-cycle or one-shot trip event for

an ePWM module. DCAEVT1 and DCBEVT1 events can be configured to directly trip an ePWM module or
provide a one-shot trip event to the module. Likewise, DCAVET2 and DCBEVT2 events can also be configured
to directly trip an ePWM module or provide a cycle-by-cycle trip event to the module. This configuration is
determined by the TZSEL[DCAEVT1/2], TZSEL[DCBEVT1/2], TZSEL[CBCn], and TZSEL[OSHTn] control bits
(where n corresponds to the trip input) respectively.

* Cycle-by-Cycle (CBC): When a cycle-by-cycle trip event occurs, the action specified in the TZCTL[TZA] and
TZCTL[TZB] bits is carried out immediately on the EPWMxA and/or EPWMxB output. Table 3-18 lists the
possible actions. In addition, the cycle-by-cycle trip event flag (TZFLG[CBC]) is set and a EPWMx_TZINT
interrupt is generated if it is enabled in the TZEINT register and PIE peripheral.

If the CBC interrupt is enabled via the TZEINT register, and DCAEVT2 or DCBEVT2 are selected as CBC trip
sources via the TZSEL register, it is not necessary to also enable the DCAEVT2 or DCBEVT2 interrupts in
the TZEINT register, as the DC events trigger interrupts through the CBC mechanism.

The specified condition on the inputs is automatically cleared when the ePWM time-base counter reaches
zero (TBCTR = 0x0000) if the trip event is no longer present. Therefore, in this mode, the trip event is cleared
or reset every PWM cycle. The TZFLG[CBC] flag bit will remain set until it is manually cleared by writing to
the TZCLR[CBC] bit. If the cycle-by-cycle trip event is still present when the TZFLG[CBC] bit is cleared, then
it will again be immediately set.
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One-Shot (OSHT): When a one-shot trip event occurs, the action specified in the TZCTL[TZA] and
TZCTL[TZB] bits is carried out immediately on the EPWMxA and/or EPWMxB output. Table 3-18 lists the
possible actions. In addition, the one-shot trip event flag (TZFLG[OST]) is set and a EPWMx_TZINT interrupt
is generated if it is enabled in the TZEINT register and PIE peripheral. The one-shot trip condition must be
cleared manually by writing to the TZCLR[OST] bit.

If the one-shot interrupt is enabled via the TZEINT register, and DCAEVT1 or DCBEVT1 are selected as
OSHT trip sources via the TZSEL register, it is not necessary to also enable the DCAEVT1 or DCBEVT1
interrupts in the TZEINT register, as the DC events trigger interrupts through the OSHT mechanism.

Digital Compare Events (DCAEVT1/2 and DCBEVT1/2): A digital compare DCAEVT1/2 or DCBEVT1/2
event is generated based on a combination of the DCAH/DCAL and DCBH/DCBL signals as selected by the
TZDCSEL register. The signals which source the DCAH/DCAL and DCBH/DCBL signals are selected via the
DCTRIPSEL register and can be either trip zone input pins or analog comparator COMPxOUT signals. For
more information on the digital compare submodule signals, see Section 3.2.9.

When a digital compare event occurs, the action specified in the TZCTL[DCAEVT1/2] and
TZCTL[DCBEVT1/2] bits is carried out immediately on the EPWMxA and/or EPWMxB output. Table 3-18 lists
the possible actions. In addition, the relevant DC trip event flag (TZFLG[DCAEVT1/2] / TZFLG[DCBEVT1/2])
is set and a EPWMx_TZINT interrupt is generated if it is enabled in the TZEINT register and PIE peripheral.

The specified condition on the pins is automatically cleared when the DC trip event is no longer present.
The TZFLG[DCAEVT1/2] or TZFLG[DCBEVT1/2] flag bit will remain set until it is manually cleared by
writing to the TZCLR[DCAEVT1/2] or TZCLR[DCBEVT1/2] bit. If the DC trip event is still present when the
TZFLG[DCAEVT1/2] or TZFLG[DCBEVT1/2] flag is cleared, then it will again be immediately set.

The action taken when a trip event occurs can be configured individually for each of the ePWM output pins by
way of the TZCTL register bit fields. One of four possible actions, shown in Table 3-18, can be taken on a trip

event.
Table 3-18. Possible Actions On a Trip Event
TZCTL Register Bit Settings EPWMXxA and/or Comment
EPWMxB
0,0 High-Impedance Tripped
0,1 Force to High State Tripped
1,0 Force to Low State Tripped
1,1 No Change Do Nothing.
No change is made to the output.
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Example 3-7. Trip-Zone Configurations

Scenario A:

* Configure the ePWM1 registers as follows:
— TZSEL[OSHT1] = 1: enables TZ1 as a one-shot event source for ePWM1
— TZCTL[TZA] = 2: EPWM1A will be forced low on a trip event.
— TZCTL[TZB] = 2: EPWM1B will be forced low on a trip event.

» Configure the ePWM2 registers as follows:
— TZSEL[OSHT1] = 1: enables TZ1 as a one-shot event source for ePWM2
— TZCTL[TZA] = 1: EPWM2A will be forced high on a trip event.
— TZCTL[TZB] = 1: EPWM2B will be forced high on a trip event.

Scenario B:

A cycle-by-cycle event on TZ5 pulls both EPWM1A, EPWM1B low.

A one-shot event on TZ1 or TZ6 puts EPWM2A into a high impedance state.

» Configure the ePWM1 registers as follows:
— TZSEL[CBCS5] = 1: enables TZ5 as a one-shot event source for ePWM1
— TZCTL[TZA] = 2: EPWM1A will be forced low on a trip event.
— TZCTL[TZB] = 2: EPWM1B will be forced low on a trip event.

* Configure the ePWM2 registers as follows:
— TZSEL[OSHT1] = 1: enables TZ1 as a one-shot event source for ePWM2
— TZSEL[OSHT6] = 1: enables TZ6 as a one-shot event source for ePWM2

— TZCTL[TZB] = 3: EPWM2B will ignore the trip event.

A one-shot trip event on TZ1 pulls both EPWM1A, EPWM1B low and also forces EPWM2A and EPWM2B high.

— TZCTL[TZA] = 0: EPWM2A will be put into a high-impedance state on a trip event.
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3.2.7.4 Generating Trip Event Interrupts

Figure 3-37 and Figure 3-38 illustrate the trip-zone submodule control and interrupt logic, respectively.
DCAEVT1/2 and DCBEVT1/2 signals are described in further detail in Section 3.2.9.

TZCTL[TZA, DCAEVTL, DCAEVT2]—¢

COMPXOUT EPWMXA (from PC submodule) —p] EPWMA
p— o DCAEVT1 force » DCAEVT1.force —¥ Trip |y EPWMXA
_T21 | Digital |pcAEVT2.force , DCAEVT2.force —M | ogic

TZ2 Compare >
5 Submodule | DCBEVTI.force
_T123 | DCBEVT2.force TZCTL[TZB, DCBEVT1, DCBEVTz]—¢
EPWMXxB (from PC submodule) —» EPWMB
DCBEVT1.force —» Ty S
DCBEVTZ force — | gl EPWXE
CTR=zero Clear
CBC Latch
TZFRC[CBC] — Set
TZ1 o~ v
75 oo Sync Set
73 oo TZFLG[CBC
Tz ~ TZCLR[CBC] [cBCl
TZ4 o —pf Clear
. \C 4
TZ5 o
76 oo
DCAEVT2.force o o
DCBEVT2.force oo Cycle-by-Cycle (CBC)
L_F_I Trip Events
TZSEL[CBC1 to CBC6, DCAEVT2, DCBEVT2]
TZCLR[OST] Clear
OSHT Latch | Trip
TZFRC[OSHT] — Set
— |
TZ1 0 o Y v Async
TZ2 o ™o Sync Clear Set Trip
3 o o TZFLG[OST]
Tza oo X
T75 oo
76 oo
DCAEVT1.force o o
DCBEVT1.force oo One-Shot (OSHT)
'-—}——‘ Trip Events

TZSEL[OSHT1 to OSHT6, DCAEVT1, DCBEVT1]

Figure 3-37. Trip-Zone Submodule Mode Control Logic
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Figure 3-38. Trip-Zone Submodule Interrupt Logic
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3.2.8 Event-Trigger (ET) Submodule
The key functions of the event-trigger submodule are:

* Receives event inputs generated by the time-base, counter-compare, and digital-compare submodules
» Uses the time-base direction information for up/down event qualification
» Uses prescaling logic to issue interrupt requests and ADC start of conversion at:
— Every event
— Every second event
— Every third event
» Provides full visibility of event generation via event counters and flags
» Allows software forcing of Interrupts and ADC start of conversion

The event-trigger submodule manages the events generated by the time-base submodule, the counter-compare
submodule, and the digital-compare submodule to generate an interrupt to the CPU and/or a start of conversion
pulse to the ADC when a selected event occurs. Figure 3-39 illustrates where the event-trigger submodule fits
within the ePWM system.

Ti B
ime Base Event EPWMXxINT PIE
SlgnalsI Trigger
EPWMxSYNCI Action Counter Compare and EPWMxSOCA
e Qualifier Signal »
CTR=PRD JL_ (AQ) A - Interrupt
EPWMxSYNCO | — g Digital Compare ADC
T WMXSYNCO | Tlm((f,r-BB)ase cTR=0 1~ Signalg (ET) | EPWMxSOCB
Digital Compare CTR Dir "
Signals 4
EPWMXA [ id B EPVVIMXA >
X, »
EPWMxB
U EPWMxB | N N = 1 GPIO
geag I;WM- 1;21 to TZ3 MUX
_ an chopper . <
CTR = CMPA 1y (DB) (PC) Trip | EqusTOP
Counter Zone | ¢ E
Compare (TZ) | CLOCKFAIL
(€C) | cTR=cmPB 1L < SYSCTRL
> CTR=0 EQEP1ERR
— ] < EQEP1
EPWMXTZINT b [ EqErT]
-PIE ‘

i
Digital COMPXOUT|
_COMP
Digital Compare Co(rgga;re

Signals

Figure 3-39. Event-Trigger Submodule

3.2.8.1 Purpose of the Event-Trigger Submodule
The following sections describe the event-trigger submodule.

Each ePWM module has one interrupt request line connected to the PIE and two start of conversion signals
connected to the ADC module. As shown in Figure 3-40, ADC start of conversion for all ePWM modules are
connected to individual ADC trigger inputs to the ADC, and hence multiple modules can initiate an ADC start of
conversion via the ADC trigger inputs.
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A— |

B | - EPWM1INT»]
ADCTRIG 6 [$EPWMISOC EPWM 1
ADCTRIG 7 }4EPWM2SOCA——— module
ADCTRIG 8 j«-EPWM2SOCB——,
L EPWM2INTD>]
EPWM2 PIE
ADCTRIG (2x+3) [« EPWMXSOCA—— module
ADCTRIG (2x+4) }4-EPWMXSOC
ADC EPWMXx —EPWMXINT»

module

Figure 3-40. Event-Trigger Submodule Inter-Connectivity of ADC Start of Conversion

The event-trigger submodule monitors various event conditions (the left side inputs to event-trigger submodule
shown in Figure 3-41) and can be configured to prescale these events before issuing an Interrupt request or
an ADC start of conversion. The event-trigger prescaling logic can issue Interrupt requests and ADC start of
conversion at:

* Every event
* Every second event
* Every third event

clear

CTR=Zero ) EPWMXxXINTn
Event Trigger » /n PIE
CTR=PRD Module Logic
count
CTR=Zero or PRD »
clear
CTRU=CMPA
» ETSEL reg
CTR=CMPA  ——p CTRD=CMPA | EPWMxSOCA
I » /n
Direction 4
J_I_ - CTRU=CMPB | ETPS reg |
qualifier N
d count
CTR=CMPB ——p

A4

CTRD=CMPB
ETFLG reg clear ADC
ETCLR reg EPWMxSOCB
/n

DCAEVT1.soc d

igi —>
From Digital Compare
(DC) Submodule <] DCBEVT1.s0c ETFRC reg count
—>]

Figure 3-41. Event-Trigger Submodule Showing Event Inputs and Prescaled Outputs
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3.2.8.2 Controlling and Monitoring the Event-Trigger Submodule
The key registers used to configure the event-trigger submodule are shown in Table 3-19.
Table 3-19. Event-Trigger Submodule Registers
Register Address Offset Shadowed Description Bit Description
ETSEL 0x0019 No Event-trigger Selection Register Section 3.4.6.1
ETPS 0x001A No Event-trigger Prescale Register Section 3.4.6.2
ETFLG 0x001B No Event-trigger Flag Register Section 3.4.6.3
ETCLR 0x001C No Event-trigger Clear Register Section 3.4.6.4
ETFRC 0x001D No Event-trigger Force Register Section 3.4.6.5

« ETSEL—This selects which of the possible events will trigger an interrupt or start an ADC conversion
« ETPS—This programs the event prescaling options mentioned above.

« ETFLG—These are flag bits indicating status of the selected and prescaled events.

« ETCLR—These bits allow you to clear the flag bits in the ETFLG register via software.

« ETFRC—These bits allow software forcing of an event. Useful for debugging or s/w intervention.

3.2.8.3 Operational Highlights for the Event-Trigger Submodule

A more detailed look at how the various register bits interact with the Interrupt and ADC start of conversion logic
are shown in Figure 3-42, Figure 3-43, and Figure 3-44.

Figure 3-42 shows the event-trigger's interrupt generation logic. The interrupt-period (ETPS[INTPRD]) bits
specify the number of events required to cause an interrupt pulse to be generated. The choices available are:

* Do not generate an interrupt.

* Generate an interrupt on every event

* Generate an interrupt on every second event
* Generate an interrupt on every third event

Which event can cause an interrupt is configured by the interrupt selection (ETSEL[INTSEL]) bits. The event can
be one of the following:

» Time-base counter equal to zero (TBCTR = 0x0000).

» Time-base counter equal to period (TBCTR = TBPRD).

» Time-base counter equal to zero or period (TBCTR = 0x0000 || TBCTR = TBPRD)

» Time-base counter equal to the compare A register (CMPA) when the timer is incrementing.

+ Time-base counter equal to the compare A register (CMPA) when the timer is decrementing.
« Time-base counter equal to the compare B register (CMPB) when the timer is incrementing.

» Time-base counter equal to the compare B register (CMPB) when the timer is decrementing.

The number of events that have occurred can be read from the interrupt event counter (ETPS[INTCNT]) register
bits. That is, when the specified event occurs the ETPS[INTCNT] bits are incremented until they reach the value
specified by ETPS[INTPRD]. When ETPS[INTCNT] = ETPS[INTPRD] the counter stops counting and its output

is set. The counter is only cleared when an interrupt is sent to the PIE.

When ETPS[INTCNT] reaches ETPS[INTPRD] the following behaviors will occur:

» If interrupts are enabled, ETSEL[INTEN] = 1 and the interrupt flag is clear, ETFLG[INT] = 0, then an
interrupt pulse is generated and the interrupt flag is set, ETFLG[INT] = 1, and the event counter is cleared
ETPS[INTCNT] = 0. The counter will begin counting events again.

« If interrupts are disabled, ETSEL[INTEN] = O, or the interrupt flag is set, ETFLG[INT] = 1, the counter stops
counting events when it reaches the period value ETPS[INTCNT] = ETPS[INTPRD].

» If interrupts are enabled, but the interrupt flag is already set, then the counter will hold its output high until the
ETFLG[INT] flag is cleared. This allows for one interrupt to be pending while one is serviced.
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When writing INTPRD values the following occur:

Writing to the INTPRD bits will automatically clear the counter INTCNT = 0 and the counter output will be
reset (so no interrupts are generated).

Writing an INTPRD value that is GREATER or equal to the current counter value will reset the INTCNT = 0.
Writing an INTPRD value that is equal to the current counter value will trigger an interrupt if it is enabled and
the status flag is cleared (and INTCNT will also be cleared to 0)

Writing an INTPRD value that is LESS than the current counter value will result in undefined behavior (that is,
INTCNT stops counting because INTPRD is below INTCNT, and interrupt will never fire).

Writing a 1 to the ETFRCJINT] bit will increment the event counter INTCNT. The counter will behave as
described above when INTCNT = INTPRD.

When INTPRD = 0, the counter is disabled and hence no events will be detected and the ETFRC[INT] bit is
also ignored.

The above definition means that you can generate an interrupt on every event, on every second event, or on
every third event. An interrupt cannot be generated on every fourth or more events.

ETFLGIINT]
ETCLR[INT] —»]| Clear
Latch
—»| Set
ETPS[INTCNT]
Generate o ETSEL[INTSEL]
Interrupt Clear CNT
EPWMXINT - Pulse
When :
~ A N 2-bit ETFRCI[INT]
| I Input =1 Counter -g— 0
l—CTR=Zero-
|«—CTR=PRD
ETSEL[INT] Inc CNT

l}— CTRU=CMPA

l<@}— CTRD=CMPA
ETPS[INTPRD] l— CTRU=CMPB

l<@}— CTRD=CMPB

Figure 3-42. Event-Trigger Interrupt Generator
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Figure 3-43 shows the operation of the event-trigger's start-of-conversion-A (SOCA) pulse generator. The
ETPS[SOCACNT] counter and ETPS[SOCAPRD] period values behave similarly to the interrupt generator
except that the pulses are continuously generated. That is, the pulse flag ETFLG[SOCA] is latched when a

pulse is generated, but it does not stop further pulse generation. The enable/disable bit ETSEL[SOCAEN] stops
pulse generation, but input events can still be counted until the period value is reached as with the interrupt
generation logic. The event that will trigger an SOCA and SOCB pulse can be configured separately in the
ETSEL[SOCASEL] and ETSEL[SOCBSEL] bits. The possible events are the same events that can be specified
for the interrupt generation logic with the addition of the DCAEVT1.soc and DCBEVT1.soc event signals from the
digital compare (DC) submodule.

ETCLR[SOCA] —p»| Clear
Latch |- ETFLG[SOCA]

Set
ETPS[SOCACNT]
ETSEL[SOCASEL]
Clear CNT
Generate
Soc . 2-bit ETFRC[SOCA]
SOCA ":v‘:]'se < Counter 000 |«@—DCAEVT1.soc 4l
en 001 |<@—CTR=Zero—————————¢—

Input = 1 010 |«¢—CTR=PRD

Inc CNT o1t
ETSEL[SOCA] @ | 100 [« CTRU=CMPA

101 [«@— CTRD=CMPA
ETPS[SOCAPRD] 110 |-— CTRU=CMPB
111 [-@— CTRD=CMPB

N

A. The DCAEVT1.soc signals are signals generated by the Digital compare (DC) submodule described later in Section 3.2.9

Figure 3-43. Event-Trigger SOCA Pulse Generator

Figure 3-44 shows the operation of the event-trigger's start-of-conversion-B (SOCB) pulse generator. The event-
trigger's SOCB pulse generator operates the same way as the SOCA.

ETCLR[SOCB] —p»{ Clear
Latch [~ ETFLG[SOCB]
—»| Set

ETPS[SOCBCNT]
ETSEL[SOCBSEL]

Clear CNT

Generate
socC

A 2-bit ETFRC[SOCB
SocB <—O<]< Pulse g Counter 000 |«@— DCBEVT1.soc™

I I In";’:tej‘ ; | 001 |«@—CTR=Zero *
Inc CNT 010 @ CTR=PRD
ETSEL[SOCB] 100 <@~ CTRU=CMPA
101 [«@~ CTRD=CMPA
ETPS[SOCBPRD] 110 [« CTRU=CMPB

111 [«g— CTRD=CMPB

A. The DCBEVT1.soc signals are signals generated by the Digital compare (DC) submodule described later in Section 3.2.9

Figure 3-44. Event-Trigger SOCB Pulse Generator
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3.2.9 Digital Compare (DC) Submodule

Figure 3-45 illustrates where the digital compare (DC) submodule signals interface to other submodules in the

ePWM system.

The digital compare (DC) submodule compares signals external to the ePWM module (for instance, COMPxOUT
signals from the analog comparators) to directly generate PWM events/actions which then feed to the event-
trigger, trip-zone, and time-base submodules. Additionally, blanking window functionality is supported to filter
noise or unwanted pulses from the DC event signals.

A A

Time-Base
submodule

VY VY

A A

A\ A 4

Trip-Zone
submodule

Digital Compare Submodule
-DCAH» EventA -DCAEVTY > -DCAEVT1.sync
GPIO TZ1 > -DCAL» Qual +~DCAEVT2 ° > ~DCBEVT1.sync
MUX 22— l
TZ3—» p i L DCAEVT1.force—
c Event - DCAEVT2.force
Filtering
u | DCBEVT1.force—
R . -DCBEVT2.force
cOMP —COMPXOUT»| : Bliimklng | DCEVTFILTY _Even_t
p Window Triggering | pcAEVT1.inter-
s | DCAEVT2.inter-
E Counter
L Capture ~DCBEVT1.inter-
I L DCBEVT.inter
DCBH)» EventB ~DCBEVT! ® > | DCAEVT1.s00—
DCBL-» Qual ~DCBEVT2 > L DCBEVTI.soc
Figure 3-45. Digital-Compare Submodule High-Level Block Diagram

3.2.9.1 Purpose of the Digital Compare Submodule

The key functions of the digital compare submodule are:

A\ A 4

Event-Trigger
submodule

+ Analog Comparator (COMP) module outputs and TZ1, TZ2, and TZ3 inputs generate Digital Compare A
High/Low (DCAH, DCAL) and Digital Compare B High/Low (DCBH, DCBL) signals.
+ DCAH/L and DCBHI/L signals trigger events which can then either be filtered or fed directly to the trip-zone,
event-trigger, and time-base submodules to:
— generate a trip zone interrupt
— generate an ADC start of conversion
— force an event
— generate a synchronization event for synchronizing the ePWM module TBCTR.

» Event filtering (blanking window logic) can optionally blank the input signal to remove noise.

SPRUI10A — DECEMBER 2018 — REVISED JUNE 2022

Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated

TMS320F2803x Microcontrollers

285


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUI10
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUI10A&partnum=F2803X

13 TEXAS
INSTRUMENTS

Enhanced Pulse Width Modulator (ePWM) Module www.ti.com

3.2.9.2 Controlling and Monitoring the Digital Compare Submodule
The digital compare submodule operation is controlled and monitored through the following registers.

Table 3-20. Digital Compare Submodule Registers

Register Address Offset Shadowed Description Bit Description
TZDCSEL(" @) 0x13 No Trip Zone Digital Compare Select Register Section 3.4.5.2
DCTRIPSEL®) 0x30 No Digital Compare Trip Select Register Section 3.4.8.1
DCACTL® 0x31 No Digital Compare A Control Register Section 3.4.8.2
DCBCTL® 0x32 No Digital Compare B Control Register Section 3.4.8.3
DCFCTL®@ 0x33 No Digital Compare Filter Control Register Section 3.4.8.4
DCCAPCTL®@ 0x34 No Digital Compare Capture Control Register Section 3.4.8.5
DCFOFFSET 0x35 Writes Digital Compare Filter Offset Register Section 3.4.8.6
DCFOFFSETCNT 0x36 No Digital Compare Filter Offset Counter Register Section 3.4.8.7
DCFWINDOW 0x37 No Digital Compare Filter Window Register Section 3.4.8.8
DCFWINDOWCNT 0x38 No Digital Compare Filter Window Counter Register Section 3.4.8.9
DCCAP 0x39 Yes Digital Compare Counter Capture Register Section 3.4.8.10

(1) The TZDCSEL register is part of the trip-zone submodule but is shown here because of its functional significance to the digital
compare submodule.

(2) These registers are EALLOW protected and can be modified only after executing the EALLOW instruction. For more information, see
the System Control and Interrupts chapter.

3.2.9.3 Operation Highlights of the Digital Compare Submodule

The following sections describe the operational highlights and configuration options for the digital compare
submodule.

3.2.9.3.1 Digital Compare Events

As shown in Figure 3-45 earlier in this section, trip zone inputs (TZ1, TZ2, and TZ3) and COMPxOUT signals
from the analog comparator (COMP) module can be selected via the DCTRIPSEL bits to generate the Digital
Compare A High and Low (DCAH/L) and Digital Compare B High and Low (DCBH/L) signals. Then, the
configuration of the TZDCSEL register qualifies the actions on the selected DCAH/L and DCBHI/L signals, which
generate the DCAEVT1/2 and DCBEVT1/2 events (Event Qualification A and B).

Note
The TZn signals, when used as a DCEVT tripping functions, are treated as a normal input signal and
can be defined to be active high or active low inputs. EPWM outputs are asynchronously tripped when
either the TZn, DCAEVTx.force, or DCBEVTx.force signals are active. For the condition to remain
latched, a minimum of 3*TBCLK sync pulse width is required. If pulse width is < 3*TBCLK sync pulse
width, the trip condition may or may not get latched by CBC or OST latches.

The DCAEVT1/2 and DCBEVT1/2 events can then be filtered to provide a filtered version of the event signals
(DCEVTFILT) or the filtering can be bypassed. Filtering is discussed further in Section 3.2.9.3.2. Either the
DCAEVT1/2 and DCBEVT1/2 event signals or the filtered DCEVTFILT event signals can generate a force to the
trip zone module, a TZ interrupt, an ADC SOC, or a PWM sync signal.

+ force signal: DCAEVT1/2.force signals force trip zone conditions which either directly influence the output
on the EPWMXA pin (via TZCTL[DCAEVT1 or DCAEVTZ2] configurations) or, if the DCAEVT1/2 signals are
selected as one-shot or cycle-by-cycle trip sources (via the TZSEL register), the DCAEVT1/2.force signals
can effect the trip action via the TZCTL[TZA] configuration. The DCBEVT1/2.force signals behaves similarly,
but affect the EPWMxB output pin instead of the EPWMXxA output pin.

The priority of conflicting actions on the TZCTL register is as follows (highest priority overrides lower priority):
— Output EPWMXxA: TZA (highest) -> DCAEVT1 -> DCAEVT2 (lowest)
— Output EPWMXxB: TZB (highest) -> DCBEVT1 -> DCBEVT2 (lowest)
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« interrupt signal: DCAEVT1/2.interrupt signals generate trip zone interrupts to the PIE. To enable the
interrupt, the user must set the DCAEVT1, DCAEVT2, DCBEVT1, or DCBEVT2 bits in the TZEINT register.
Once one of these events occurs, an EPWMXTZINT interrupt is triggered, and the corresponding bit in the
TZCLR register must be set in order to clear the interrupt.

« soc signal: The DCAEVT1.soc signal interfaces with the event-trigger submodule and can be selected as an

event which generates an ADC start-of-conversion-A (SOCA) pulse via the ETSEL[SOCASEL] bit. Likewise,

the DCBEVT1.soc signal can be selected as an event which generates an ADC start-of-conversion-B (SOCB)

pulse via the ETSEL[SOCBSEL] bit.

* sync signal: The DCAEVT1.sync and DCBEVT1.sync events are ORed with the EPWMxSYNCI input signal

and the TBCTL[SWFSYNC] signal to generate a synchronization pulse to the time-base counter.

Figure 3-46 and Figure 3-47 show how the DCAEVT1, DCAEVT2, and DCEVTFILT signals are processed to
generate the digital compare A event force, interrupt, soc, and sync signals.

DCACTL[EVT1SRCSEL]

DCACTL[EVT1FRCSYNCSEL]
DCEVTFILT —»]1 Async

1

DCAEVT1 —»{0

Sync 0 » DCAEVT1.force

TZEINT[DCAEVT1]

Set !
¢ Latch o\o—> DCAEVT1.inter

Clear
TZCLR[DCAEVT1]

D—’O\'\O—b DCAEVT1.soc

]
DCACTL[EVT1SOCE]

J_I_ ;D—PO\:\O—> DCAEVT1.sync
TZFRC[DCAEVT1] — ¢

I
DCACTL[EVT1SYNCE]

'—» TZFLG[DCAEVT1]

Figure 3-46. DCAEVT1 Event Triggering

DCACTL[EVT2SRCSEL]
DCACTL[EVT2FRCSYNCSEL]
DCEVTFILT —»|1 Async
1
DCAEVT2 Hy -
Sync 0 » DCAEVT2.force

TZEINT[DCAEVT2]
|

i ———
Set !
4L
TZFRC[DCAEVT2] Latch o\‘\o—b DCAEVT2.inter

Clear
TZCLR[DCAEVT2]

— TZFLG[DCAEVT2]

Figure 3-47. DCAEVT2 Event Triggering
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Figure 3-48 and Figure 3-49 show how the DCBEVT1, DCBEVT2, and DCEVTFILT signals are processed to
generate the digital compare B event force, interrupt, soc and sync signals.

DCBCTL[EVT1SRCSEL] DCBCTL[EVT1FRCSYNCSEL]
DCEVTFILT —p]
async ;\
DCBEVT1 —p| g ;\
Sync ;y » DCBEVT1.force
e
TBCLK
R TZEINT[DCBEVT1]
@ ' i
set i
——— > Latch ~Ne—» DCBEVT1.inter
I—) clear
TZCLR[DCBEVT1]  TZFLG[DCBEVT1]
—>
\i\c » DCBEVT1.soc
o—— > '
DCBCTL[EVT1SOCE]
—
| | \'\c » DCBEVT1.sync
TZFRC[DCBEVT1] o > '
DCBCTL[EVT1SYNCE]
Figure 3-48. DCBEVT1 Event Triggering
DCBCTL[EVT2SRCSEL] DCBCTL[EVT2FRCSYNCSEL]

DCEVTFILT

DCBEVT2

» DCBEVT2.force

o .,

D
S TZEINT[DCBEVT2]
> .
set :
— > Latch —I—>\o—> DCBEVT2.inter

clear

TZCLR[DCBEVT2] TZFLG[DCBEVT2]

TZFRC[DCBEVT2]

Figure 3-49. DCBEVT2 Event Triggering
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3.2.9.3.2 Event Filtering

The DCAEVT1/2 and DCBEVT1/2 events can be filtered via event filtering logic to remove noise by optionally
blanking events for a certain period of time. This is useful for cases where the analog comparator outputs may
be selected to trigger DCAEVT1/2 and DCBEVT1/2 events, and the blanking logic is used to filter out potential
noise on the signal prior to tripping the PWM outputs or generating an interrupt or ADC start-of-conversion. The
event filtering can also capture the TBCTR value of the trip event. Figure 3-50 shows the details of the event
filtering logic.

[ DCCAP[15:0] Reg |

CTR=PRD —3 Blank «— DCFCTL[BLANKE, PULSESEL]
CTR=Zero—» Control {— DCFOFFSET[OFFSET]
TBCLK—p» Logic <:| DCFWINDOW[WINDOW] TBCTR(16)

CTR =PRD —)p Capture
CTR=0 —p
TBCLK Control

DCCAPCTL[CAPE, SHDWMODE] ——)
DCFCTL[PULSESEL] ——)

; _‘077 Sync *

TBCLK

BLANKWDW
DCFCTL[INVERT] Logic

~-DCAEVT1—»{ 00

-DCAEVT2——>| 01 async » DCEVTFILT

-DCBEVT1I—»]{ 10
-DCBEVT2—»{ 11

DCFCTL[SRCSEL]

Figure 3-50. Event Filtering

If the blanking logic is enabled, one of the digital compare events —- DCAEVT1, DCAEVT2, DCBEVT1,
DCBEVT2 - is selected for filtering. The blanking window, which filters out all event occurrences on the

signal while it is active, will be aligned to either a CTR = PRD pulse or a CTR = 0 pulse (configured by the
DCFCTL[PULSESEL] bits). An offset value in TBCLK counts is programmed into the DCFOFFSET register,
which determines at what point after the CTR = PRD or CTR = 0 pulse the blanking window starts. The
duration of the blanking window, in number of TBCLK counts after the offset counter expires, is written to the
DCFWINDOW register by the application. During the blanking window, all events are ignored. Before and after
the blanking window ends, events can generate soc, sync, interrupt, and force signals as before.

Figure 3-51 illustrates several timing conditions for the offset and blanking window within an ePWM period.
Notice that if the blanking window crosses the CTR = 0 or CTR = PRD boundary, the next window still starts at
the same offset value after the CTR = 0 or CTR = PRD pulse.
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<€ Period P>
CTR=PRD
orCTR=0 |
Offset(n}——» +—Offset(n+1)—»
BLANKWDW Window(n)——-»] Window(n+1
Offset(n) » L Offset(n+1)—»
BLANKWDW I—Window(n\—bl_M
Offset(n) » _—Offset(n+1)—»
BLANKWDW —Window(n+1
—+—Window(n)}——»

Figure 3-51. Blanking Window Timing Diagram

3.3 Applications to Power Topologies

An ePWM module has all the local resources necessary to operate completely as a standalone module or to
operate in synchronization with other identical ePWM modules.

3.3.1 Overview of Multiple Modules

Previously all discussions have described the operation of a single module. To facilitate the understanding of
multiple modules working together in a system, the ePWM module described in reference is represented by the
more simplified block diagram shown in Figure 3-52. This simplified ePWM block shows only the key resources
needed to explain how a multiswitch power topology is controlled with multiple ePWM modules working together.

Syncin
Phasereg gy

o o—l— —» EPWMXxA
L » EPWMxB
CTR=0 —oO

CTR=CMPB —©O
X —O

SyncOut

v

Figure 3-52. Simplified ePWM Module
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3.3.2 Key Configuration Capabilities

The key configuration choices available to each module are as follows:

» Options for Syncin
» Load own counter with phase register on an incoming sync strobe—enable (EN) switch closed
* Do nothing or ignore incoming sync strobe—enable switch open
* Sync flow-through - SyncOut connected to Syncin

» Master mode, provides a sync at PWM boundaries—SyncOut connected to CTR = PRD

» Master mode, provides a sync at any programmable point in time—SyncOut connected to CTR = CMPB

* Module is in standalone mode and provides No sync to other modules—SyncOut connected to X (disabled)
* Options for SyncOut
Sync flow-through - SyncOut connected to Syncin
Master mode, provides a sync at PWM boundaries—SyncOut connected to CTR = PRD

Master mode, provides a sync at any programmable point in time—SyncOut connected to CTR = CMPB
Module is in standalone mode and provides No sync to other modules—SyncOut connected to X

(disabled)

For each choice of SyncOut, a module may also choose to load its own counter with a new phase value on
a Syncln strobe input or choose to ignore it, that is, with he enable switch. Although various combinations are
possible, the two most common—master module and slave module modes—are shown in Figure 3-53.

Ext Syncin
(optional)
Master Slave
Syncln Phase reg Syncln
Phase reg gy EN
OT > EPWM1A P=0°¢—0—0 —> EPWM2A
—» EPWMI1B © — EPWM2B
CTR=0 —0 CTR=0 —0
CTR=CMPB —©O CTR=CMPB —©O0
X —>0 X —0
@ SyncOut @ SyncOut

:

v

Figure 3-53. EPWM1 Configured as a Typical Master, EPWM2 Configured as a Slave
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3.3.3 Controlling Multiple Buck Converters With Independent Frequencies

One of the simplest power converter topologies is the buck. A single ePWM module configured as a master can
control two buck stages with the same PWM frequency. If independent frequency control is required for each
buck converter, then one ePWM module must be allocated for each converter stage. Figure 3-54 shows four
buck stages, each running at independent frequencies. In this case, all four ePWM modules are configured as
masters and no synchronization is used. Figure 3-55 shows the waveforms generated by the setup shown in
Figure 3-54; note that only three waveforms are shown, although there are four stages.

— Ext Syncin
Masterl (optional)
Phase reg Syncin

En Vinl o o Voutl
d=X o o—I— EPWM1A

>
CTR=zero —© EPWM1B Buck #1

CTR:CMP)I% —0 / EPWMIA ——
@ SyncOut

Master2
Phase reg Syncin vin2 o oV
out2
—> EPWM2A —
Buck #2
—» EPWM2B
CTR=zero —0 EPWM2A

CTR=CMPB —° /
X
@ SyncOut - -

Master3
Phase reg

Synein Vin3 Vout3
n O O ou
EPWM3A 1

En
——
CTR=zero —o EPWM3B Buck #3
CTR=CMPB —© / EPWM3A

X
@ SyncOut

Master4
Phase reg

I

Syncin Vind o o Voutd
En l
o —> EPWMA4A —
Buck #4
—>

EPWM4B
CTR=zero —©0 EPWM4A

CTR=CMPB —©

X L L
@ SyncOut B B
v

A. © = Xndicates value in phase register is a "don't care"

Figure 3-54. Control of Four Buck Stages. Here Fpym1# Fpwm2# Fpwms# Frwma
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v 700 950
| 1200

P CA| |CB
| ! |

|
EPWM1A : /
I
Pulse center
700 1150

‘ 1400

EPWM2A

EPWM3A

Indicates this event triggers an interrupt cB| Indicates this event triggers an ADC start
A | of conversion

Figure 3-55. Buck Waveforms for Figure 3-54 (Note: Only three bucks shown here)
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Example 3-8. Code Snippet for Configuration in Figure 3-54

//

// (Note: code for only 3 modules shown)
// Initialization Time

1201 TBCLK counts
Set Phase register to zero
Asymmetrical mode

Phase loading disabled

load on CTR=Zero
load on CTR=Zero

1401 TBCLK counts
Set Phase register to zero
Asymmetrical mode

Phase loading disabled

load on CTR=Zero
load on CTR=Zero

801 TBCLK counts
Set Phase register to zero

Phase loading disabled

load on CTR=Zero
load on CTR=Zero

adjust duty for output EPWMIA
adjust duty for output EPWM2A

//

// EPWM Module 1 config
EPwmlRegs.TBPRD = 1200; // Period =
EPwmlRegs.TBPHS.half.TBPHS = 0; //
EPwmlRegs.TBCTL.bit.CTRMODE = TB COUNT UP; //
EPwmlRegs.TBCTL.bit.PHSEN = TB DISABLE; //
EPwmlRegs.TBCTL.bit.PRDLD = TB SHADOW;
EPwmlRegs.TBCTL.bit.SYNCOSEL = TB_SYNC DISABLE;
EPwmlRegs.CMPCTL.bit.SHDWAMODE = CC_SHADOW;
EPwmlRegs.CMPCTL.bit.SHDWBMODE = CC_SHADOW;
EPwmlRegs.CMPCTL.bit.LOADAMODE = CC_CTR _ZERO;  //
EPwmlRegs.CMPCTL.bit.LOADBMODE = CC_CTR ZERO; //
EPwmlRegs.AQCTLA.bit.PRD = AQ CLEAR;
EPwmlRegs.AQCTLA.bit.CAU = AQ SET;

// EPWM Module 2 config
EPwm2Regs.TBPRD = 1400; // Period =
EPwm2Regs.TBPHS.half.TBPHS = 0; //
EPwm2Regs.TBCTL.bit.CTRMODE = TB COUNT_ UP; //
EPwm2Regs.TBCTL.bit.PHSEN = TB DISABLE; //
EPwm2Regs.TBCTL.bit.PRDLD = TB_ SHADOW;
EPwm2Regs.TBCTL.bit.SYNCOSEL = TB SYNC DISABLE;
EPwm2Regs .CMPCTL.bit.SHDWAMODE = CC_SHADOW;
EPwm2Regs.CMPCTL.bit.SHDWBMODE = CC_SHADOW;
EPwm2Regs .CMPCTL.bit.LOADAMODE = CC_CTR ZERO; //
EPwm2Regs .CMPCTL.bit.LOADBMODE = CC CTR ZERO; //
EPwm2Regs.AQCTLA.bit.PRD = AQ CLEAR;
EPwm2Regs.AQCTLA.bit.CAU = AQ SET;

// EPWM Module 3 config
EPwm3Regs.TBPRD = 800; // Period =
EPwm3Regs.TBPHS.half.TBPHS = 0; //
EPwm3Regs.TBCTL.bit.CTRMODE = TB COUNT UP;
EPwm3Regs.TBCTL.bit.PHSEN = TB DISABLE; //
EPwm3Regs.TBCTL.bit.PRDLD = TB SHADOW;
EPwm3Regs.TBCTL.bit.SYNCOSEL = TB SYNC DISABLE;
EPwm3Regs.CMPCTL.bit.SHDWAMODE = CC_SHADOW;
EPwm3Regs.CMPCTL.bit.SHDWBMODE = CC_SHADOW;
EPwm3Regs.CMPCTL.bit.LOADAMODE = CC CTR ZERO; //
EPwm3Regs.CMPCTL.bit.LOADBMODE = CC_CTR_ZERO; //
EPwm3Regs.AQCTLA.bit.PRD = AQ CLEAR;
EPwm3Regs.AQCTLA.bit.CAU = AQ SET;

//

// Run Time (Note: Example execution of one run-time instant)

//
EPwmlRegs.CMPA.half.CMPA = 700; //
EPwm2Regs.CMPA.half.CMPA = 700; //
EPwm3Regs.CMPA.half.CMPA = 500; //

adjust duty for output EPWM3A
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3.3.4 Controlling Multiple Buck Converters With Same Frequencies

If synchronization is a requirement, ePWM module 2 can be configured as a slave and can operate at
integer multiple (N) frequencies of module 1. The sync signal from master to slave ensures these modules

remain locked. Figure 3-56 shows such a configuration; Figure 3-57 shows the waveforms generated by the

configuration.
Vinl Oj o Voutl
Ext Syncin Buck #1
(optional) EPWMI1A
Master
Phase reg Syncln = =
En
=0° ¢—O OT —» EPWMIA Vin2 A © Vout2
H ]
CTR=zero EPWMLB Buck #2
CTR=CMPB —O
Y EPWM1B
SyncOut = =
Vin3 Oj © Vout3
Slave Buck #3
Phase reg Syncin EPWM2A
En
— EPWM2A ) )
—» EPWM2B Vind o o Voutd
CTR=zero —O
CTR=CMPB —O —
X—O0O Buck #4
SyncOut EPWM2B

Figure 3-56. Control of Four Buck Stages. (Note: Fpyym2 = N X Fpwm1)
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| | |
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Figure 3-57. Buck Waveforms for Figure 3-56 (Note: Fpywm2 = Fpwm1))
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Example 3-9. Code Snippet for Configuration in Figure 3-56

//

// EPWM Module 1 config

EPwmlRegs.TBPRD = 600;

EPwmlRegs.TBPHS.half.

TBPHS = 0;

EPwmlRegs.TBCTL.bit.CTRMODE =
EPwmlRegs.TBCTL.bit.PHSEN = TB
EPwmlRegs.TBCTL.bit.PRDLD = TB
EPwmlRegs.TBCTL.bit.SYNCOSEL =

EPwmlRegs.CMPCTL.bit.
EPwmlRegs.CMPCTL.bit.
EPwmlRegs.CMPCTL.bit.
EPwmlRegs.CMPCTL.bit.
EPwmlRegs.AQCTLA.bit.
EPwmlRegs.AQCTLA.bit.
EPwmlRegs.AQCTLB.bit. n
.CBD = AQ_

EPwmlRegs.AQCTLB.bit
// EPWM Module 2 config

SHDWAMODE
SHDWBMODE
LOADAMODE
LOADBMODE

CAU = AQ

CAD = AQ_
CBU = AQ

EPwm2Regs.TBPRD = 600;

EPwm2Regs.TBPHS.half.TBPHS = 0;
EPwm2Regs.TBCTL.bit.CTRMODE =
EPwm2Regs.TBCTL.bit.PHSEN = TB
EPwm2Regs.TBCTL.bit.PRDLD = TB
EPwm2Regs.TBCTL.bit.SYNCOSEL =

EPwm2Regs.CMPCTL.bit.
EPwm2Regs .CMPCTL.bit.
EPwm2Regs.CMPCTL.bit.
EPwm2Regs.CMPCTL.bit.
EPwm2Regs .AQCTLA.bit.
EPwm2Regs.AQCTLA.bit.
EPwm2Regs.AQCTLB.bit.
EPwm2Regs .AQCTLB.bit.

//

SHDWAMODE
SHDWBMODE
LOADAMODE
LOADBMODE
CAU = AQ
CAD
CBU = AQ
CBD

AQ_

AQ

’

TB_COUNT_UPDOWN;

DISABLE;

 SHADOW;

TB_CTR_ZERO;

= CC_SHADOW;

= CC_SHADOW;

= CC_CTR_ZERO;
= CC_CTR_ZERO;
SET;

CLEAR;

SET;

CLEAR;

TB COUNT UPDOWN;

_ENABLE;
~ SHADOW;
TB_SYNC_IN;
= CC_SHADOW;
= CC_SHADOW;
= CC_CTR_ZERO;
= CC_CTR_ZERO;
SET;
CLEAR;
SET;
CLEAR;

//
//
//
//

//
//
//
//
//
//
//
1/
//
//
1/
//
//

//

Period = 1200 TBCLK counts
Set Phase register to zero
Symmetrical mode

Master module

Sync down-stream module
load on CTR=Zero

load on CTR=Zero

set actions for EPWMIA

set actions for EPWM1B
Period = 1200 TBCLK counts
Set Phase register to zero
Symmetrical mode

Slave module

sync flow-through

load on CTR=Zero

load on CTR=Zero

set actions for EPWM2A

set actions for EPWM2B

// Run Time (Note: Example execution of one run-time instance)

//

EPwmlRegs.CMPA.half.CMPA = 400;

EPwmlRegs.CMPB = 200;

EPwm2Regs.CMPA.half.CMPA = 500;

EPwm2Regs.CMPB = 300;

//
//
//
//

adjust duty for output EPWMIA
adjust duty for output EPWM1B
adjust duty for output EPWM2A
adjust duty for output EPWM2B
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3.3.5 Controlling Multiple Half H-Bridge (HHB) Converters

Topologies that require control of multiple switching elements can also be addressed with these same ePWM
modules. It is possible to control a Half-H bridge stage with a single ePWM module. This control can be
extended to multiple stages. Figure 3-58 shows control of two synchronized Half-H bridge stages where stage 2
can operate at integer multiple (N) frequencies of stage 1. Figure 3-59 shows the waveforms generated by the

configuration shown in Figure 3-58.

Module 2 (slave) is configured for Sync flow-through; if required, this configuration allows for a third Half-H
bridge to be controlled by PWM module 3 and also, most importantly, to remain in synchronization with master

module 1.
Ext Syncin
(optional)
Master
Phase reg Syncin

T

CTR=zero —©
CTR=CMPB —©

X —o0
SyncOut
Slave
Phase reg Syncin
En

q):oo O O
@]
CTR=zero —©
CTR=CMPB —©
X —o0
SyncOut

v

VDC_bus

]

EPWM1A
EPWM1A

EPWM1B

L
T

EPWM1B

[
FSE:

VDC_bus
EPWM2A

EPWM2B

]

[
T

EPWM2A

EPWM2B J

‘\’J
l Al
I

—O Voun

Al

Figure 3-58. Control of Two Half-H Bridge Stages (Fpwm2 = N X Fpywm1)
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Figure 3-59. Half-H Bridge Waveforms for Figure 3-58 (Note: Here Fpym2 = Fpwm1 )
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Example 3-10. Code Snippet for Configuration in Figure 3-58

//

// Config

//

// Initialization Time

//

// EPWM Module 1 config
EPwmlRegs.TBPRD = 600; // Period = 1200 TBCLK counts
EPwmlRegs.TBPHS.half.TBPHS = 0; // Set Phase register to zero
EPwmlRegs.TBCTL.bit.CTRMODE = TB_COUNT UPDOWN; // Symmetrical mode
EPwmlRegs.TBCTL.bit.PHSEN = TB DISABLE; // Master module
EPwmlRegs.TBCTL.bit.PRDLD = TB_ SHADOW;
EPwmlRegs.TBCTL.bit.SYNCOSEL = TB CTR ZERO; // Sync down-stream module
EPwmlRegs.CMPCTL.bit.SHDWAMODE = CC_SHADOW;
EPwmlRegs.CMPCTL.bit.SHDWBMODE = CC_SHADOW;
EPwmlRegs.CMPCTL.bit.LOADAMODE = CC _CTR _ZERO; // load on CTR=Zero
EPwmlRegs.CMPCTL.bit.LOADBMODE = CC CTR ZERO; // load on CTR=Zero
EPwmlRegs.AQCTLA.bit.ZRO = AQ SET; // set actions for EPWMIA
EPwmlRegs.AQCTLA.bit.CAU = AQ CLEAR;
EPwmlRegs.AQCTLB.bit.ZRO = AQ CLEAR; // set actions for EPWMIB
EPwmlRegs.AQCTLB.bit.CAD = AQ SET;
EPwmlRegs.DBCTL.bit.OUT MODE = 2; // delay on EPWM1A
EPwmlRegs.DBRED = 10; // delay value

// EPWM Module 2 config
EPwm2Regs.TBPRD = 600; // Period = 1200 TBCLK counts
EPwm2Regs.TBPHS.half.TBPHS = 0; // Set Phase register to zero
EPwm2Regs.TBCTL.bit.CTRMODE = TB_COUNT UPDOWN; // Symmetrical mode
EPwm2Regs.TBCTL.bit.PHSEN = TB ENABLE; // Slave module
EPwm2Regs.TBCTL.bit.PRDLD = TB SHADOW;
EPwm2Regs.TBCTL.bit.SYNCOSEL = TB SYNC IN; // sync flow-through
EPwm2Regs.CMPCTL.bit.SHDWAMODE = CC_SHADOW;
EPwm2Regs .CMPCTL.bit.SHDWBMODE = CC_SHADOW;
EPwm2Regs .CMPCTL.bit.LOADAMODE = CC_CTR_ZERO; // load on CTR=Zero
EPwm2Regs.CMPCTL.bit.LOADBMODE = CC _CTR _ZERO; // load on CTR=Zero
EPwm2Regs .AQCTLA.bit.ZRO = AQ SET; // set actions for EPWM1A
EPwm2Regs.AQCTLA.bit.CAU = AQ CLEAR;
EPwm2Regs.AQCTLB.bit.ZRO = AQ CLEAR; // set actions for EPWMIB
EPwm2Regs .AQCTLB.bit.CAD = AQ SET;
EPwm2Regs.DBCTL.bit.OUT MODE = 2; // delay on EPWM2A
EPwm2Regs.DBRED = 10; // delay value

//
EPwmlRegs.CMPA.half.CMPA = 400; // adjust duty for output EPWM1A & EPWMIB
EPwmlRegs.CMPB = 200; // adjust point-in-time for ADCSOC trigger
EPwm2Regs.CMPA.half.CMPA = 500; // adjust duty for output EPWM2A & EPWM2B
EPwm2Regs.CMPB = 250; // adjust point-in-time for ADCSOC trigger

3.3.6 Controlling Dual 3-Phase Inverters for Motors (ACl and PMSM)

The idea of multiple modules controlling a single power stage can be extended to the 3-phase Inverter case.

In such a case, six switching elements can be controlled using three PWM modules, one for each leg of the
inverter. Each leg must switch at the same frequency and all legs must be synchronized. A master + two slaves
configuration can easily address this requirement. Figure 3-60 shows how six PWM modules can control two
independent 3-phase Inverters; each running a motor.

As in the cases shown in the previous sections, we have a choice of running each inverter at a different
frequency (module 1 and module 4 are masters as in Figure 3-60), or both inverters can be synchronized by
using one master (module 1) and five slaves. In this case, the frequency of modules 4, 5, and 6 (all equal) can
be integer multiples of the frequency for modules 1, 2, 3 (also all equal).
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Ext Syncin
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CTR CMP)E(5 —o0 EPWM4B | ¢4 EPWMS5B | ¢4 EPWMEB | 30h "
@ SyncOut (= — — phase motor
Slave 1 1 1
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Figure 3-60. Control of Dual 3-Phase Inverter Stages as Is Commonly Used in Motor Control
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Figure 3-61. 3-Phase Inverter Waveforms for Figure 3-60 (Only One Inverter Shown)
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Example 3-11. Code Snippet for Configuration in Figure 3-60

//

// Configuration

//

// Initialization Time

//

// EPWM Module 1 config
EPwmlRegs.TBPRD = 800;
EPwmlRegs.TBPHS.half.TBPHS = 0;
EPwmlRegs.TBCTL.bit.CTRMODE = TB COUNT_ UPDOWN;
EPwmlRegs.TBCTL.bit.PHSEN = TB DISABLE;
EPwmlRegs.TBCTL.bit.PRDLD = TB_ SHADOW;
EPwmlRegs.TBCTL.bit.SYNCOSEL = TB CTR ZERO;
EPwmlRegs.CMPCTL.bit.SHDWAMODE = CC_SHADOW;
EPwmlRegs.CMPCTL.bit.SHDWBMODE = CC_SHADOW;
EPwmlRegs.CMPCTL.bit.LOADAMODE = CC_CTR_ ZERO;
EPwmlRegs.CMPCTL.bit.LOADBMODE = CC CTR ZERO;
EPwmlRegs.AQCTLA.bit.CAU = AQ SET;
EPwmlRegs.AQCTLA.bit.CAD = AQ CLEAR;
EPwmlRegs.DBCTL.bit.OUT MODE = DB FULL ENABLE;
EPwmlRegs.DBCTL.bit.POLSEL = DB _ACTV_HIC;
EPwmlRegs.DBFED = 50;
EPwmlRegs.DBRED = 50;

// EPWM Module 2 config
EPwm2Regs.TBPRD = 800;
EPwm2Regs.TBPHS.half.TBPHS = 0;
EPwm2Regs.TBCTL.bit.CTRMODE = TB COUNT UPDOWN;
EPwm2Regs.TBCTL.bit.PHSEN = TB ENABLE;
EPwm2Regs.TBCTL.bit.PRDLD = TB SHADOW;
EPwm2Regs.TBCTL.bit.SYNCOSEL = TB_ SYNC IN;
EPwm2Regs.CMPCTL.bit.SHDWAMODE = CC_SHADOW;
EPwm2Regs .CMPCTL.bit.SHDWBMODE = CC_SHADOW;
EPwm2Regs.CMPCTL.bit.LOADAMODE = CC_CTR_ZERO;
EPwm2Regs .CMPCTL.bit.LOADBMODE = CC_CTR ZERO;
EPwm2Regs .AQCTLA.bit.CAU = AQ SET;
EPwm2Regs.AQCTLA.bit.CAD = AQ CLEAR;
EPwm2Regs.DBCTL.bit.OUT MODE = DB FULL ENABLE;
EPwm2Regs .DBCTL.bit.POLSEL = DB ACTV HIC;
EPwm2Regs.DBFED = 50;
EPwm2Regs.DBRED = 50;

// EPWM Module 3 config
EPwm3Regs.TBPRD = 800;
EPwm3Regs.TBPHS.half.TBPHS = 0;
EPwm3Regs.TBCTL.bit.CTRMODE = TB COUNT UPDOWN;
EPwm3Regs.TBCTL.bit.PHSEN = TB ENABLE;
EPwm3Regs.TBCTL.bit.PRDLD = TB_ SHADOW;
EPwm3Regs.TBCTL.bit.SYNCOSEL = TB SYNC IN;
EPwm3Regs.CMPCTL.bit.SHDWAMODE = CC_SHADOW;
EPwm3Regs.CMPCTL.bit.SHDWBMODE = CC_SHADOW;
EPwm3Regs.CMPCTL.bit.LOADAMODE = CC CTR ZERO;
EPwm3Regs.CMPCTL.bit.LOADBMODE = CC_CTR_ZERO;
EPwm3Regs.AQCTLA.bit.CAU = AQ SET;
EPwm3Regs.AQCTLA.bit.CAD = AQ CLEAR;
EPwm3Regs.DBCTL.bit.OUT MODE = DB FULL ENABLE;
EPwm3Regs.DBCTL.bit.POLSEL = DB ACTV_HIC;
EPwm3Regs.DBFED = 50;
EPwm3Regs.DBRED = 50;

// Run Time

//
1/
//
//

//

//
//
//

//
//

//

//
//

//

//
1/
//

//
//
//

//

EPwmlRegs.
EPwm2Regs.
EPwm3Regs.

CMPA.half.CMPA = 500;
CMPA.half.CMPA = 600;
CMPA.half.CMPA = 700;

1/
//
//

Period = 1600 TBCLK counts
Set Phase register to zero
Symmetrical mode

Master module

Sync down-stream module

load on CTR=Zero
load on CTR=Zero
set actions for EPWMIA

enable Dead-band module
Active Hi complementary
FED = 50 TBCLKs
RED = 50 TBCLKs

Period = 1600 TBCLK counts
Set Phase register to zero
Symmetrical mode

Slave module

sync flow-through

load on CTR=Zero
load on CTR=Zero
set actions for EPWM2A

enable Dead-band module
Active Hi complementary
FED = 50 TBCLKs
RED = 50 TBCLKs

Period = 1600 TBCLK counts
Set Phase register to zero
Symmetrical mode

Slave module

sync flow-through

load on CTR=Zero
load on CTR=Zero
set actions for EPWM3A

// enable Dead-band module
Active Hi complementary
FED = 50 TBCLKs
RED = 50 TBCLKs

(Note: Example execution of one run-time instant)

adjust duty for output EPWMIA
adjust duty for output EPWM2A
adjust duty for output EPWM3A
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3.3.7 Practical Applications Using Phase Control Between PWM Modules

So far, none of the examples have made use of the phase register (TBPHS). It has either been set to zero or its
value has been a don't care. However, by programming appropriate values into TBPHS, multiple PWM modules
can address another class of power topologies that rely on phase relationship between legs (or stages) for
correct operation. As described in the TB module section, a PWM module can be configured to allow a Syncin
pulse to cause the TBPHS register to be loaded into the TBCTR register. To illustrate this concept, Figure 3-62
shows a master and slave module with a phase relationship of 120°, that is, the slave leads the master.

Ext Synclin
(optional)
Master
Phase reg syncin

En
OT > EPWMLA

—» EPWMI1B
CTR=zero —O-

CTR=CMPB —©O
X —O
@ SyncOut
Slave
Phase reg syncin
En
$=120° O O —» EPWM2A
Q —» EPWM2B

CTR=zero —O

CTR=CMPB —O
X —O

@ SyncOut
!

Figure 3-62. Configuring Two PWM Modules for Phase Control

304 TMS320F2803x Microcontrollers SPRUI10A — DECEMBER 2018 — REVISED JUNE 2022
Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUI10
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUI10A&partnum=F2803X

13 TEXAS
INSTRUMENTS

www.ti.com Enhanced Pulse Width Modulator (ePWM) Module

Figure 3-63 shows the associated timing waveforms for this configuration. Here, TBPRD = 600 for both master
and slave. For the slave, TBPHS = 200 (200/600 x 360° = 120°). Whenever the master generates a Syncin
pulse (CTR = PRD), the value of TBPHS = 200 is loaded into the slave TBCTR register so the slave time-base is
always leading the master's time-base by 120°.

FFFFh 4 TBCTR[0-15]

Master Module

600 600

TBPRD —¥|

0000

CTR = PRD
(SycnOut)

> time

FFFFh 4 TBCTRI0-15]

600

TBPRD —™

Syneln h h > time

Figure 3-63. Timing Waveforms Associated With Phase Control Between 2 Modules
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3.3.8 Controlling a 3-Phase Interleaved DC/DC Converter

A popular power topology that makes use of phase-offset between modules is shown in Figure 3-64. This
system uses three PWM modules, with module 1 configured as the master. To work, the phase relationship
between adjacent modules must be F = 120°. This is achieved by setting the slave TBPHS registers 2 and 3 with
values of 1/3 and 2/3 of the period value, respectively. For example, if the period register is loaded with a value
of 600 counts, then TBPHS (slave 2) = 200 and TBPHS (slave 3) = 400. Both slave modules are synchronized to
the master 1 module.

This concept can be extended to four or more phases, by setting the TBPHS values appropriately. The following
formula gives the TBPHS values for N phases:

TBPHS(N,M) = (TBPRD/N) x (—1)
Where:
N = number of phases
M = PWM module number
For example, for the 3-phase case (N=3), TBPRD = 600,
TBPHS(3,2) = (600/3) x (2-1) = 200 (that is, Phase value for Slave module 2)
TBPHS(3,3) = 400 (Phase value for Slave module 3)

Figure 3-65 shows the waveforms for the configuration in Figure 3-64.

Ext Syncin
(optional)
Master
Phase reg Syncin
- ViN
o—l— > EPWM1A
—» EPWMI1B J J J
CTR=zero —O—
CTR=CMPB —©0 EPWMI1A EPWM2A EPWM3A
X —o0
@ SyncOut
Slave EPWM1B EPWM2B EPWM3B
Phase reg Syncin Vourt
En
$=120° O— 0O —» EPWM2A

Q — EPWM2B
CTR=zero —O \ = = = —

CTR=CMPB —0

X —o0
@ SyncOut
Slave
Phase reg Syncin
En
P=240° O—0 — EPWM3A
< — EPWM3B

CTR=zero —©O

CTR=CMPB —0
X —O

@ SyncOut
v

Figure 3-64. Control of a 3-Phase Interleaved DC/DC Converter
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Figure 3-65. 3-Phase Interleaved DC/DC Converter Waveforms for Figure 3-64
SPRUI10A — DECEMBER 2018 — REVISED JUNE 2022 TMS320F2803x Microcontrollers 307

Submit Document Feedback
Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUI10
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUI10A&partnum=F2803X

Enhanced Pulse Width Modulator (ePWM) Module

I

TeExAS
INSTRUMENTS

www.ti.com

Example 3-12. Code Snippet for Configuration in Figure 3-64

//

// Config

// Initialization Time

//

// EPWM Module 1 config

EPwmlRegs.TBPRD = 450; // Period = 900 TBCLK counts
EPwmlRegs.TBPHS.half.TBPHS = 0; // Set Phase register to zero
EPwmlRegs.TBCTL.bit.CTRMODE = TB_ COUNT UPDOWN; // Symmetrical mode
EPwmlRegs.TBCTL.bit.PHSEN = TB DISABLE; // Master module
EPwmlRegs.TBCTL.bit.PRDLD = TB SHADOW;

EPwmlRegs.TBCTL.bit.SYNCOSEL = TB CTR ZERO; // Sync down-stream module
EPwmlRegs.CMPCTL.bit.SHDWAMODE = CC_SHADOW;

EPwmlRegs.CMPCTL.bit.SHDWBMODE = CC_SHADOW;

EPwmlRegs.CMPCTL.bit.LOADAMODE = CC_CTR_ZERO; // load on CTR=Zero
EPwmlRegs.CMPCTL.bit.LOADBMODE = CC CTR_ZERO; // load on CTR=Zero

EPwmlRegs.AQCTLA.bit.
EPwmlRegs.AQCTLA.bit.

CAU = AQ SET;
CAD = AQ CLEAR;

set actions for EPWMI1A

EPwmlRegs.DBCTL.bit.OUT MODE = DB FULL ENABLE; // enable Dead-band module
EPwmlRegs.DBCTL.bit.POLSEL = DB ACTV_ HIC; // Active Hi complementary
EPwmlRegs.DBFED = 20; // FED = 20 TBCLKs
EPwmlRegs.DBRED = 20; // RED = 20 TBCLKs

// EPWM Module 2 config
EPwm2Regs.TBPRD = 450; // Period = 900 TBCLK counts
EPwm2Regs.TBPHS.half.TBPHS = 300; // Phase = 300/900 * 360 = 120 deg
EPwm2Regs.TBCTL.bit.CTRMODE = TB_COUNT_ UPDOWN; // Symmetrical mode
EPwm2Regs.TBCTL.bit.PHSEN = TB ENABLE; // Slave module
EPwm2Regs.TBCTL.bit.PHSDIR = TB_DOWN; // Count DOWN on sync (=120 deg)
EPwm2Regs.TBCTL.bit.PRDLD = TB_SHADOW;
EPwm2Regs.TBCTL.bit.SYNCOSEL = TB SYNC IN; // sync flow-through
EPwm2Regs.CMPCTL.bit.SHDWAMODE = CC_SHADOW;
EPwm2Regs.CMPCTL.bit.SHDWBMODE = CC_SHADOW;
EPwm2Regs.CMPCTL.bit.LOADAMODE = CC_CTR ZERO; // load on CTR=Zero
EPwm2Regs.CMPCTL.bit.LOADBMODE = CC CTR_ZERO; // load on CTR=Zero
EPwm2Regs.AQCTLA.bit.CAU = AQ SET; // set actions for EPWM2A

EPwm2Regs .AQCTLA.bit.CAD = AQ CLEAR;

EPwm2Regs.DBCTL.bit.OUT MODE = DB FULL ENABLE; // enable dead-band module
EPwm2Regs.DBCTL.bit.POLSEL = DB ACTV HIC; // Active Hi Complementary
EPwm2Regs.DBFED = 20; // FED = 20 TBCLKs
EPwm2Regs.DBRED = 20; // RED = 20 TBCLKs

// EPWM Module 3 config
EPwm3Regs.TBPRD = 450; // Period = 900 TBCLK counts
EPwm3Regs.TBPHS.half.TBPHS = 300; // Phase = 300/900 * 360 = 120 deg
EPwm3Regs.TBCTL.bit.CTRMODE = TB_COUNT_ UPDOWN; // Symmetrical mode
EPwm3Regs.TBCTL.bit.PHSEN = TB ENABLE; // Slave module
EPwm2Regs.TBCTL.bit.PHSDIR = TB_UP; // Count UP on sync (=240 deg)
EPwm3Regs.TBCTL.bit.PRDLD = TB_ SHADOW;
EPwm3Regs.TBCTL.bit.SYNCOSEL = TB SYNC IN; // sync flow-through
EPwm3Regs.CMPCTL.bit.SHDWAMODE = CC_SHADOW;
EPwm3Regs.CMPCTL.bit.SHDWBMODE = CC_SHADOW;
EPwm3Regs.CMPCTL.bit.LOADAMODE = CC_CTR ZERO; // load on CTR=Zero
EPwm3Regs.CMPCTL.bit.LOADBMODE = CC CTR_ZERO; // load on CTR=Zero
EPwm3Regs.AQCTLA.bit.CAU = AQ SET; // set actions for EPWM3Ai
EPwm3Regs.AQCTLA.bit.CAD = AQ CLEAR;
EPwm3Regs.DBCTL.bit.OUT MODE = DB FULL ENABLE; // enable Dead-band module
EPwm3Regs.DBCTL.bit.POLSEL = DB ACTV HIC; // Active Hi complementary
EPwm3Regs.DBFED = 20; // FED = 20 TBCLKs
EPwm3Regs.DBRED = 20; // RED = 20 TBCLKs
// Run Time (Note: Example execution of one run-time instant)
//
EPwmlRegs.CMPA.half.CMPA = 285; // adjust duty for output EPWMIA
EPwm2Regs.CMPA.half.CMPA = 285; // adjust duty for output EPWM2A
EPwm3Regs.CMPA.half.CMPA = 285; // adjust duty for output EPWM3A
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3.3.9 Controlling Zero Voltage Switched Full Bridge (ZVSFB) Converter

The example given in Figure 3-66 assumes a static or constant phase relationship between legs (modules). In
such a case, control is achieved by modulating the duty cycle. It is also possible to dynamically change the
phase value on a cycle-by-cycle basis. This feature lends itself to controlling a class of power topologies known
as phase-shifted full bridge, or zero voltage switched full bridge. Here the controlled parameter is not duty cycle
(this is kept constant at approximately 50 percent); instead it is the phase relationship between legs. Such a
system can be implemented by allocating the resources of two PWM modules to control a single power stage,
which in turn requires control of four switching elements. Figure 3-67 shows a master/slave module combination
synchronized together to control a full H-bridge. In this case, both master and slave modules are required to
switch at the same PWM frequency. The phase is controlled by using the slave's phase register (TBPHS). The
master's phase register is not used and therefore can be initialized to zero.

Ext Syncin
(optional)
Master
Phase reg Syncin

En vV V.
—(0)° - out
-q—d O OT » EPWM1A e DC_bus »—ou
CTR=zero —0— > EPWM1B 1 3
CTR=CMPB —©
X ©
SyncOut EPWM1A EPWM2A

Slave j—g
Phase reg Syncin
En
o —»
P=Var o0 EPWM2A EPWM1B EPWM2B
— >—O

Q

CTR=zero —© [—> EPWM2B

CTR=CMPB —©
—o0

SyncOut
v

\|
/

Var = Variable

Figure 3-66. Controlling a Full-H Bridge Stage (Fpwm2 = Fpwm1)
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Figure 3-67. ZVS Full-H Bridge Waveforms
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Example 3-13. Code Snippet for Con

figuration in Figure 3-66

//
// Config
//
// Initialization Time
//
// EPWM Module 1 config
EPwmlRegs.TBPRD = 1200; // Period = 1201 TBCLK counts
EPwmlRegs.CMPA.half.CMPA = 600; // Set 50% fixed duty for EPWMIA
EPwmlRegs.TBPHS.half.TBPHS = 0; // Set Phase register to zero
EPwmlRegs.TBCTL.bit.CTRMODE = TB COUNT_ UP; // Asymmetrical mode
EPwmlRegs.TBCTL.bit.PHSEN = TB DISABLE; // Master module
EPwmlRegs.TBCTL.bit.PRDLD = TB_ SHADOW;
EPwmlRegs.TBCTL.bit.SYNCOSEL = TB CTR ZERO; // Sync down-stream module
EPwmlRegs.CMPCTL.bit.SHDWAMODE = CC_SHADOW;
EPwmlRegs.CMPCTL.bit.SHDWBMODE = CC_SHADOW;
EPwmlRegs.CMPCTL.bit.LOADAMODE = CC_CTR_ZERO; // load on CTR=Zero
EPwmlRegs.CMPCTL.bit.LOADBMODE = CC_CTR_ZERO; // load on CTR=Zero
EPwmlRegs.AQCTLA.bit.ZRO = AQ SET; // set actions for EPWMIA
EPwmlRegs.AQCTLA.bit.CAU = AQ CLEAR;
EPwmlRegs.DBCTL.bit.OUT MODE = DB FULL ENABLE; // enable Dead-band module
EPwmlRegs.DBCTL.bit.POLSEL = DB_ACTV_ HIC; // Active Hi complementary
EPwmlRegs.DBFED = 50; // FED = 50 TBCLKs initially
EPwmlRegs.DBRED = 70; // RED = 70 TBCLKs initially

// EPWM Module 2 config
EPwm2Regs.TBPRD = 1200; // Period = 1201 TBCLK counts
EPwm2Regs.CMPA.half.CMPA = 600; // Set 50% fixed duty EPWM2A
EPwm2Regs.TBPHS.half.TBPHS = 0; // Set Phase register to zero initially
EPwm2Regs.TBCTL.bit .CTRMODE = TB COUNT_ UP; // Asymmetrical mode
EPwm2Regs.TBCTL.bit.PHSEN = TB ENABLE; // Slave module
EPwm2Regs.TBCTL.bit.PRDLD = TB_ SHADOW;
EPwm2Regs.TBCTL.bit.SYNCOSEL = TB SYNC IN; // sync flow-through
EPwm2Regs.CMPCTL.bit.SHDWAMODE = CC_SHADOW;
EPwm2Regs.CMPCTL.bit.SHDWBMODE = CC_SHADOW;
EPwm2Regs.CMPCTL.bit.LOADAMODE = CC_CTR_ZERO; // load on CTR=Zero
EPwm2Regs.CMPCTL.bit.LOADBMODE = CC_CTR_ZERO; // load on CTR=Zero
EPwm2Regs.AQCTLA.bit.ZRO = AQ SET; // set actions for EPWM2A
EPwm2Regs .AQCTLA.bit.CAU = AQ CLEAR;
EPwm2Regs.DBCTL.bit.OUT MODE = DB FULL ENABLE; // enable Dead-band module
EPwm2Regs.DBCTL.bit.POLSEL = DB_ACTV_ HIC; // Active Hi complementary
EPwm2Regs .DBFED = 30; // FED = 30 TBCLKs initially
EPwm2Regs.DBRED = 40; // RED = 40 TBCLKs initially
// Run Time (Note: Example execution of one run-time instant)
//
EPwm2Regs.TBPHS = 1200-300; // Set Phase reg to

// 300/1200 * 360 = 90 deg
EPwmlRegs.DBFED = FED1 NewValue; // Update ZVS transition interval
EPwmlRegs.DBRED = RED1 NewValue; // Update ZVS transition interval
EPwm2Regs.DBFED = FED2 NewValue; // Update ZVS transition interval
EPwm2Regs.DBRED = RED2 NewValue; // Update ZVS transition interval
EPwmlRegs.CMPB = 200; // Adjust point-in-time for ADCSOC
trigger
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3.3.10 Controlling a Peak Current Mode Controlled Buck Module

Peak current control techniques offer a number of benefits like automatic over current limiting, fast correction

for input voltage variations, and reducing magnetic saturation. Figure 3-68 shows the use of ePWM1A along
with the on-chip analog comparator for buck converter topology. The output current is sensed through a current
sense resistor and fed to the positive terminal of the on-chip comparator. The internal programmable 10-bit DAC
can be used to provide a reference peak current at the negative terminal of the comparator. Alternatively, an
external reference could be connected at this input. The comparator output is an inp