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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 may 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 CPU and Instruction Set
Reference Guide (SPRU430) and TMS320C28x Floating Point Unit and Instruction Set Reference Guide
(SPRUEO2) must be used in conjunction with this TRM.

DEEAE)

@ Concerto, Code Composer Studio, controlSUITE are trademarks of Texas Instruments.
@ Cortex is a trademark of ARM Limited.

©®  ARM, Thumb, AMBA, ARMA are registered trademarks of ARM Limited.

@ XDS is a trademark of XDS.

® is a trademark of ~ Texas Instruments.
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This chapter explains system control and interrupts for this device. The system control module configures
and manages the overall operation of the device and provides information about the device operation.
Configurable features in system control include reset control, NMI operation, power control, clock control,

Chapter 1

System Control and Interrupts

and low-power modes.

For more information on the Viterbi, Complex Math, CRC Unit (VCU), please refer to TMS320C28x

Extended Instruction Sets Technical Reference Manual.
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Signal Description

1.1

Signal Description

Table 1-1 lists the external signals of the system control module and describes the function of each.

The NMI signal is one of the peripheral functions for the PB7_GPIO15 signal, and functions as a GPIO
after reset. PB7_GPIO15 is under commit protection and requires a special process to be configured as
any alternate function or to subsequently return to the GPIO function. The Pin Mux/ Pin Assignment
column in Table 1-1 lists the GPIO options for the NMI signal. When the PJ7_GPIO63 pin is configured, it
can be used as an XCLKIN pin to provide a clock source to the CAN and USB modules on this device.
The PF2_GPIO34 pin can be used as XCLKOUT to monitor the PLL output clock when configured for
either the master subsystem or control subsystem as shown in Table 1-1. For more information on
configuring GPIOs, see the General-Purpose Input/Outputs (GPIOs) chapter.

The remaining signals (fixed) have a fixed pin assignment and function. Please refer to the device data
manual for more details on the pin numbers.

Table 1-1. Signals for System Control and Clocks

Pin Functional | Pin Name(refer Pin Mux/ Pin Assignment Description
el o _datasheet for Peripheral Alternate Mode Core Select
D DYTOES) Mode Select
NMI PB7_GPIO15 4 0 (default) Master (default) | Non-maskable interrupt
External oscillator input. This pin
feeds a clock from an external 3.3-V
XCLKIN PJ7_GPIO63 0 (default) 0 (default) Master (default) oscillator to the internal USB PLL
module and to the CAN peripherals.
0 15 Master External oscillator output. This pin
outputs a clock divided-down from
XCLKOUT PF2_GPIO34 , the internal PLL System Clock. The
Don't Care 3 Control divide ratio is defined in the
XPLLCLKCFG register.
On-chip crystal-oscillator input. To
use this oscillator, a quartz crystal or
Refer to the data a ceramic resonator must be
) . ) : connected across X1 and X2. In this
X1 manuﬁlofor pin Fixed Fixed Fixed case, the XCLKIN path must be
: disabled by bit 13 in the CLKCTL
register. If this pin is not used, it
must be tied to GND.
On-chip crystal-oscillator output. A
Refer to the data quartz crystal or a ceramic resonator
X2 manual for pin Fixed Fixed Fixed must be connected across X1 and
no. X2. If X2 is not used, it must be left
unconnected.
Digital Subsystem Reset (in) and
Refer to the data Watchdog/Power-on Reset (out). In
XRS manual for pin Fixed Fixed Fixed most applications, it is recommended
no. that the XRS pin be tied with the
ARS pin.
Analog subsystem Reset (in) and
Refer to the data Power-on Reset (out). In most
ARS manual for pin Fixed Fixed Fixed applications, it is recommended that
no. the ARS pin be tied with the XRS
pin.
Refer to the data L
TRST manual for pin Fixed Fixed Fixed JTAG test reset with internal
o pulldown
Internal 1.8-V VREG Enable/Disable
Refer to the data for VDD18. Pull low to enable the
VREG18EN manual for pin Fixed Fixed Fixed internal 1.8-V voltage regulator
no. (VREG18), pull high to disable
VREG18.
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Table 1-1. Signals for System Control and Clocks (continued)

Pin Functional | Pin Name(refer Pin Mux/ Pin Assignment Description
M to datasheet for 5050 o™ Alternate Mode  Core Select
pin numbers) Mode Select
Internal 1.2-V VREG Enable/Disable
Refer to the data for VDD12. Pull low to enable the
VREG12EN manual for pin Fixed Fixed Fixed internal 1.2-V voltage regulator
no. (VREG12), pull high to disable
VREG12.
Refer to the data
Vssosc manual for pin Fixed Fixed Fixed Clock Oscillator Ground Pin
no.
Emulator pin 0. When TRST is
Refer to the data driven high, this pin is used as an
EMUO manual for pin Fixed Fixed Fixed interrupt to or from the emulator
no. system and is defined as
input/output through the JTAG scan.
Emulator pin 1. When TRST is
Refer to the data driven high, this pin is used as an
EMU1 manual for pin Fixed Fixed Fixed interrupt to or from the emulator
no. system and is defined as
input/output through the JTAG scan.

1.2

System Control Functional Description

The system control module provides the following capabilities:
Device identification and configuration registers

Reset control

Device WIR mode control
Exceptions and Interrupt control
Safety and error handling features of the device
Power control
Clock control

Low Power modes
Security module
Inter-Processor Communication (IPC)

121

Device ldentification

Device identification registers provide information on device class, device family, revision, part number, pin
count, operating temperature range, package type, pin count and device qualification status.

All of the information is readable by master subsystem applications, and part number, part type and
revision information is readable by both the master subsystem and control subsystem. Please refer to the
System Control Registers section for more details on these registers.

1.2.1.1 Master Subsystem and Control Subsystem Device Identification

The master subsystem device identification registers are: DIDO and DID1. The control subsystem device
identification registers are: PARTID, REVID, and CDID.

82
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1.2.2

Device Configuration Registers

Several registers provide users with configuration information for debug/identification purposes on this
device. This information provides the peripheral's features and indicates how much RAM and FLASH
memory are available on this part. Both master and control subsystems have their own device
configuration registers. The master subsystem can access the device configuration of both the master and
control subsystems, whereas the control subsystem can only access its own device configuration
registers. All device configuration registers are read-only in both systems.

1.2.2.1 Master Subsystem Device Configuration

Table 1-2 provides a description of the master subsystem device configuration.

Table 1-2. Master Subsystem Device Configuration

Name Registers Description
Device configuration or DC1, DC2, DC4, DC6, DC7, If a particular bit in these registers is set to "1" then the
capabilities registers DC10,PPGPPIO associated feature or module is available in the device.
Shared memory configuration If a particular bit is set to "1" then that particular shared memory
; MEMCNF h
register is enabled.
M3 configuration register MCNF Flash bank size and uCRC configuration

1.2.2.2 Control Subsystem Device Configuration

13

13.1

The control subsystem core configuration registers are: CCNF0, CCNF1, CCNF2, CCNF3, and CCNF4.
All these registers are defined in the Device Identification and Device Configuration registers subsection in
the System Control Registers section.

Reset Control

This section describes the reset sources for the device and hardware functions during reset. How system
software should handle the reset cause and what Boot ROM does to handle the reset cause is also
discussed.

This device has two external reset pins: XRS for the digital subsystem and ARS for the analog subsystem
of the chip. It is recommended that these two pins be externally tied together with a board signal trace.
The XRS pin responds to an external reset signal and an internal power-on signal to reset the entire chip.
The XRS pin also drives the reset signal out of the chip to external circuitry when the master watchdog
timers (WDTO0, WDT1) and master NMI watchdog timer (MNMIWD) expires. The XRS signal is internally
gated with other internal reset signals to drive individual resets to the master subsystem, control
subsystem, analog subsystem and the shared resources.

For all reset causes which reset the master subsystem, both the control subsystem and analog subsystem
are also reset, and are held in reset until software running on the master subsystem brings them out of
reset. The master subsystem boot ROM software, which gets executed each time the device is reset, will
bring both the control and analog subsystems out of reset by setting the respective bits in the CRESCNF
register.

Device Level Reset Sources

Table 1-3 shows various reset signals in this device and how it affects different hardware modules in the
device.
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Table 1-3. Device Level Reset Sources

No. Reset M3 Core C28 Core JTAG / Master Control Analog Flash 10s XRSn
Source Reset Reset Debug subsystem | subsystem | subsystem Pump output
Logic Reset Reset Reset
Reset
POR reset Yes Yes Yes Yes Yes Yes Yes Hiz Yes
XRS input Yes Yes Yes Yes Yes Yes Yes Hiz
3 WDTO Yes Yes No Yes Yes Yes No Hiz Yes
reset
4 WDT1 Yes Yes No Yes Yes Yes No Hiz Yes
reset
5 MNMIWD Yes Yes No Yes Yes Yes No Hiz Yes
M3
software
6 reset / Yes Yes No Yes Yes No No Hiz No
debugger
reset
Cc28
ngfg; C28 GPIOs
7 M3(CRESC No Yes No No Yes No No msgipeut No
NF[M3RSnlI
NI)
8 TRST No No Yes No No No No No No
Deguzs er C28 GPIOs
9 Resge% No Yes No No Yes No No in input No
(SYSRS) state
C28 GPIOs
10 CNMIWD No Yes No No Yes No No in input No
Reset
state
Analog 10s
11 | ACIB Reset No No No No No Yes No in GPIO No
input state

As shown in Table 1-3, because the Cortex-M3 core belongs to the master subsystem, whenever it is
reset, the entire device is reset, including control and analog subsystems. Software on the master
subsystem can choose to reset the control subsystem and analog subsystem by writing a "1" to M3RsnIN
(bit 16) and bit ACIBRESET (bit 17) of the CRESCNF register.

Also note that whenever the ACIB reset is activated, the analog subsystem is reset. Whenever the analog
subsystem is reset, the ACIB is also reset and vice-versa. On power-up or after every master subsystem
reset, the analog subsystem is held in reset. This also means that ACIB is held in reset.

After a reset, the reset cause register (RESC) is updated with the reset cause. The bits in the reset cause
register are sticky and maintain their state across multiple resets except when a Power-on Reset (POR) is
the reset cause, in which case all the bits in the RESC register are cleared. For the master subsystem on
this device, this register is called the MRESC register.

After any reset that resets the master core, boot ROM code on the master subsystem will run, which
brings the control system and ACIB out of reset and starts the application software as per the boot mode
configured. Please refer to the Boot ROM chapter for more details.

Table 1-4 provides information for the device bring up time-line on power-up.
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Table 1-4. Device Bring-Up Time Line

Time Line

Master Subsystem Control Subsystem Analog Subsystem/ACIB

POR indicates that device is not yet
fully powered and is in reset

POR indicates that device is not yet
fully powered and is in reset

POR indicates that device is not yet

o fully powered and is in reset

Master subsystem out of reset. Device
T1 Specific initialization as mentioned in
the Boot ROM guide.

Control subsystem held in reset Analog subsystem/ACIB held in reset

Control subsystem starts executing C-

T2 Bring control subsystem out of reset Boot ROM

Analog subsystem/ACIB held in reset

T3 Bring ACIB out of reset

Analog subsystem/ACIB out of reset

Master bootROM boots the device ) :
and analog peripherals are accessible

After system initialization, the C28x

T4 basgd on 'the boot mode GPIO CPU' goes to IDLE mode; wakes up on for both master and control
configuration. IPC interrupts
subsystems.
ACIB and analog peripherals ready to
. I Master Application decides how to run be c_onfigured, controlled and
T5 Running application on master monitored by control subsystem

application on control subsystem. application and master subsystem

application.

Below are the details on each reset source.

1.3.1.1 Power-on Reset (POR):

The Analog and Digital Subsystems' each have a Power-On-Reset (POR) circuit that creates a clean reset
throughout the device enabling glitchless GP1Os during the power-on procedure. The POR function keeps
both ARS and XRS driven low during device power up. Whenever the device is reset by a POR condition,
bit 1 of the MRESC register is set indicating that the POR has caused a reset, and because a POR reset
pulls the XRS pin low, bit 0 is also set.

NOTE: The power-on reset also resets the JTAG controller.

While in most applications, the POR generated reset has a long enough duration to also reset other
system ICs, some applications may require a longer lasting pulse. In these cases, the ARS and XRS reset
pins (which are open-drain) can also be driven low to match the time the device is held in a reset state
with the rest of the system.

When the device is reset by a POR condition, the master subsystem begins executing the master Boot
ROM and brings the control subsystem and analog subsystem out of reset. Once out of reset, the control
subsystem starts executing its code in C-Boot ROM. Please refer to the Boot ROM chapter for how both
the master subsystem boot ROM and control subsystem boot ROM handle this reset cause.

1.3.1.2 External Reset Input

There are two external reset input pins on the device: XRS and ARS.

The XRS and ARS pins both respond to an external reset signal (active low), and can also drive the reset
signal out of the chip to external circuitry whenever any of the internal digital or analog subsystem resets
become active, as shown in the Table 1-3. The internal resets which pull XRS low are caused by the
master subsystem watchdog modules (WDTO, WDT1 and MNMIWD). Whenever the master subsystem is
reset by an XRS condition, it will hold both control and analog subsystems in reset and bit O of the
MRESC register will be set to indicate an XRS caused the reset. When the device is out of reset, the
master subsystem Boot ROM will start executing and it will bring both control and analog systems out of
reset. Once out of reset, the control subsystem will start executing its own Boot ROM. Please refer to the
Boot ROM chapter for how both the master and control boot ROMs handle an XRS reset.

It is recommended to connect both XRS and ARS pins together externally using a single trace.

The internal reset which can pull ARS low is caused by the power-on reset (POR).
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1.3.1.3 TRST

TRST is a JTAG test reset with an internal pulldown, and when driven high, gives the scan system control
of the operations of the device. If this signal is not connected or driven low, the device operates in
functional mode, and the test reset signals are ignored. TRST resets the JTAG TAPs of both the master
subsystem CPU and control subsystem CPU.

NOTE: TRST is an active-high test pin and must be maintained low during normal device operation.

The TRST reset does not show up on XRS. Note that TRST is different from a debugger reset. The
debugger reset on the Cortex-M3 is realized by writing to the NVIC registers and on the C28x CPU it is
realized by writing to Tl-internal hidden registers.

1.3.1.4 Watchdog Timer 0,1 Reset

This device has two watchdog timer modules on the master subsystem in case one watchdog clock
source fails. Watchdog Timer 0 is run off the system clock and Watchdog Timer 1 is run off the main
oscillator. Each module operates in the same manner except that because the Watchdog Timer 1 module
is in a different clock domain, register accesses must have a time delay between them. The watchdog
timer can be configured to generate an interrupt to the microcontroller on its first time-out and to generate
a reset on its second time-out.

After the watchdog's first time-out event, the 32-bit watchdog counter is reloaded with the value of the
Watchdog Timer Load (WDTLOAD) register and resumes counting down from that value. If the timer

counts down to zero again before the first time-out interrupt is cleared, and the reset signal has been
enabled, the watchdog timer asserts its reset signal to the microcontroller. The watchdog timer reset

sequence is as follows:

1. The watchdog timer times out for the second time without being serviced.

2. An internal reset is asserted which pulls XRS low and this resets the whole device and appropriate bits
in the MRESC register are set.

Note that on this device, the watchdogs are available only on the master subsystem. The control
subsystem does not have its own watchdog, but when the master subsystem watchdogs generate a reset,
it will reset the entire device.

When the device is out of reset, the master subsystem boot ROM will start executing and it will bring both
the control and analog subsystems out of reset. Once out of reset, the control subsystem will start
executing its own boot ROM. Refer to the Boot ROM chapter for more details on how the master
subsystem and control subsystem boot ROM handles watchdog timer resets.

1.3.1.5 Master NMI Watchdog Timer Reset

This device has a watchdog timer associated with its NMI logic, which when an enabled non-maskable
interrupt is generated to the CPU, the NMIWD timer starts counting. The NMIWD will then generate a
reset if the MNMIWDCNT counter register value reaches the value programmed in the MNMIWDPRD
period register. Once the MNMIWD counter starts counting, it will stop and reset to 0 only if all the flags in
the MNMIFLG register are cleared.

Note that the ACIBERR NMI is disabled on reset, and if the application software does not enable this NMI
by setting bit 9 in the MNMICFG register, no NMI will be triggered to the CPU if these error conditions
occur. Any other NMI condition will trigger an NMI to the CPU and the NMIWD counter will start counting.

Refer to the MNMI section in this document for more details on MNMI sources, and refer to the Boot ROM
chapter for more details on how the master boot ROM software handles different NMls.

Whenever an MNMIWD reset is generated, it will pull the XRS pin low. This will cause the entire device to
reset and both the analog and control subsystems will be held in reset. Once out of reset, the master
subsystem will start executing boot ROM and bring the analog and control subsystems out of reset. Once
out of reset, the control subsystem will start executing its boot ROM. Refer to the Boot ROM chapter for
more details on how boot ROM handles this reset.
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1.3.1.6 Master Software Reset and Master Debugger Reset

The master software reset is a software-generated reset output by the NVIC (using
SYSRESETREQ/VECTRESET of the Cortex-M3 NVIC Application Interrupt and Reset Control Register).
The master debugger reset is a debugger-generated reset that is also an output of the NVIC.

In addition to resetting the master subsystem, these two resets can propagate to the control subsystem.

Note that while debugging or developing code when the debug probe is connected to the device, it has to
be in RUN state for the control subsystem to see the software reset and/or debugger reset from the
master subsystem. If the control subsystem is in DEBUG HALT mode, it will not see this reset input.

As shown in Table 1-3, this reset does not pull the XRS signal low, but if both the cores are reset, when
coming out of reset, each core will start executing its own boot ROM. On the master subsystem, bit 4 of
the MRESC register will be set to inform the application software that the device was reset by software.

1.3.1.7 Control Subsystem Software Reset (from Master)

The control subsystem can be reset by software running on the master subsystem by writing to the
M3RSnIN bit (bit 16) of the CRESCNF register. When the control subsystem is reset by the master
subsystem by writing to the CRESCNF register, all the GP1Os which were previously owned by the control
subsystem CPU will still be owned by the control subsystem CPU, and all the GPIOs will be configured as
inputs.

The control subsystem will start executing C-Boot ROM when out of reset.

1.3.1.8 Control Subsystem Debugger Reset

This reset is driven by the debugger only to the control subsystem. As shown in Table 1-3, a control
system debugger reset, resets the C28x CPU core and control subsystem. All the GPIOs which were
configured for the control subsystem will remain with the control subsystem and will be reset to their
default state (input, GPIO mode). Please refer to GPIO chapter of this document for more details on the
reset state of the control subsystem GPIOs.

The control subsystem will start executing C-Boot ROM when out of reset.

1.3.1.9 Control Subsystem NMIWD Reset

This device has no general-purpose watchdog timer associated with the control subsystem but there is an
NMI watchdog timer associated with the control subsystem's NMI logic. This timer will start counting as
soon as an enabled non-maskable interrupt is triggered to the control subsystem CPU. It will reset the
subsystem if the triggered NMI is not acknowledged, by clearing the respective bits in CNMIFLG register.

All of the GPIOs configured for the control subsystem will still be owned by the control subsystem and put
to their default reset state after a control subsystem NMIWD reset. The CNMIWDRST bit (bit 16) of the
CRESSTS register will be set for the master subsystem to know when the control subsystem is reset by
the CNMIWD timer. Also, an NMl is triggered to the master subsystem indicating that the control
subsystem was reset by the NMIWD.

Note that the master subsystem is not reset when the control subsystem is reset by the CNMIWD, but if
the master subsystem is reset by a MNMIWD it will also reset the control subsystem. Refer to the CNMI
and MNMI sections for more details on NMI logic.

1.3.1.10 ACIB Reset

The analog common interface bus reset resets the analog subsystem and analog common interface bus
(ACIB). This reset signal can only be generated by software running on the master subsystem by setting
the ACIBRST bit in the CRESCNF register.

This reset puts all the analog subsystem GPIOs in input mode. The master subsystem and the control
subsystem are not reset by this signal, and the control subsystem can learn about the status of this signal
by looking at the ACIBRESET bit (bit 30) of the DEVICECNF register. Refer to the DEVICECNF register
for details.
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1.3.1.11 Shared Resources Reset

Shared resources between the master and control subsystems, (IPC registers, MTOC and CTOM
message RAM) configurable shared RAMs, and the ACIB interface, are reset by the shared reset signal
defined as SRXRST. SRXRST is triggered by a master software reset or by a master debugger reset.
SRXRST is also triggered by an XRS.

Figure 1-1 shows reset connectivity on the device.
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Figure 1-1. Resets Connectivity
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1.3.2 Handling of Resets at System Level

This section explains resets at the subsystem level. It discusses how the master subsystem boot ROM
and the control subsystem boot ROM handles the reset causes after a reset.

1.3.2.1 Master Subsystem Reset Handling

The master subsystem, the Cortex-M3 CPU, and the Nested Vectored Interrupt Controller (NVIC) are all
reset by the Power-On Reset (POR) or the M3SYSRST re