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Embedded Emulation Module (EEM)

NOTE: This chapter is an excerpt from the MSP430x5xx and MSP430x6xx Family User's Guide.
The most current version of the full user's guide is available from
http://www.ti.com/lit/pdf/slau208.

This chapter describes the embedded emulation module (EEM) that is implemented in all devices.
Topic

1.1
1.2
1.3

...........................................................................................................................

Page

Embedded Emulation Module (EEM) Introduction .................................................... 2
EEM Building Blocks ............................................................................................ 4
EEM Configurations ............................................................................................. 5

SLAU414F – August 2012 – Revised March 2018
Submit Documentation Feedback
Copyright © 2012–2018, Texas Instruments Incorporated

Embedded Emulation Module (EEM)

1

Chapter Excerpt from SLAU208

Embedded Emulation Module (EEM) Introduction

1.1
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Embedded Emulation Module (EEM) Introduction
Every MSP430 microcontroller implements an EEM. It is accessed and controlled through either 4-wire
JTAG mode or Spy-Bi-Wire mode. Each implementation is device-dependent and is described in
Section 1.3, the EEM Configurations section, and the device-specific data sheet.
In
•
•
•
•
•
•
•
•
•
•
•

general, the following features are available:
Nonintrusive code execution with real-time breakpoint control
Single-step, step-into, and step-over functionality
Full support of all low-power modes
Support for all system frequencies, for all clock sources
Up to eight (device-dependent) hardware triggers or breakpoints on memory address bus (MAB) or
memory data bus (MDB)
Up to two (device-dependent) hardware triggers or breakpoints on CPU register write accesses
MAB, MDB, and CPU register access triggers can be combined to form up to ten (device-dependent)
complex triggers or breakpoints
Up to two (device-dependent) cycle counters
Trigger sequencing (device-dependent)
Storage of internal bus and control signals using an integrated trace buffer (device-dependent)
Clock control for timers, communication peripherals, and other modules on a global device level or on
a per-module basis during an emulation stop

Figure 1-1 shows a simplified block diagram of the largest currently-available EEM implementation.
For more details on how the features of the EEM can be used together with the IAR Embedded
Workbench™ debugger or with Code Composer Studio (CCS), see Advanced Debugging Using the
Enhanced Emulation Module (SLAA393) at www.msp430.com. Most other debuggers supporting the
MSP430 devices have the same or a similar feature set. For details, see the user's guide of the applicable
debugger.
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Figure 1-1. Large Implementation of EEM
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EEM Building Blocks

1.2.1 Triggers
The event control in the EEM of the MSP430 system consists of triggers, which are internal signals
indicating that a certain event has happened. These triggers may be used as simple breakpoints, but it is
also possible to combine two or more triggers to allow detection of complex events and cause various
reactions other than stopping the CPU.
In
•
•
•
•

general, the triggers can be used to control the following functional blocks of the EEM:
Breakpoints (CPU stop)
State storage
Sequencer
Cycle counter

There are two different types of triggers – the memory trigger and the CPU register write trigger.
Each memory trigger block can be independently selected to compare either the MAB or the MDB with a
given value. Depending on the implemented EEM, the comparison can be =, ≠, ≥, or ≤. The comparison
can also be limited to certain bits with the use of a mask. The mask is either bit-wise or byte-wise,
depending upon the device. In addition to selecting the bus and the comparison, the condition under which
the trigger is active can be selected. The conditions include read access, write access, DMA access, and
instruction fetch.
Each CPU register write trigger block can be independently selected to compare what is written into a
selected register with a given value. The observed register can be selected for each trigger independently.
The comparison can be =, ≠, ≥, or ≤. The comparison can also be limited to certain bits with the use of a
bit mask.
Both types of triggers can be combined to form more complex triggers. For example, a complex trigger
can signal when a particular value is written into a user-specified address.

1.2.2 Trigger Sequencer
The trigger sequencer allows the definition of a certain sequence of trigger signals before an event is
accepted for a break or state storage event. Within the trigger sequencer, it is possible to use the following
features:
• Four states (State 0 to State 3)
• Two transitions per state to any other state
• Reset trigger that resets the sequencer to State 0.
The trigger sequencer always starts at State 0 and must execute to State 3 to generate an action. If
State 1 or State 2 are not required, they can be bypassed.

1.2.3 State Storage (Internal Trace Buffer)
The state storage function uses a built-in buffer to store MAB, MDB, and CPU control signal information
(that is, read, write, or instruction fetch) in a nonintrusive manner. The built-in buffer can hold up to eight
entries. The flexible configuration allows the user to record the information of interest very efficiently.

1.2.4 Cycle Counter
The cycle counter provides one or two 40-bit counters to measure the cycles used by the CPU to execute
certain tasks. On some devices, the cycle counter operation can be controlled using triggers. This allows,
for example, conditional profiling, such as profiling a specific section of code.

1.2.5 Clock Control
The EEM provides device-dependent flexible clock control. This is useful in applications where a running
clock is needed for peripherals after the CPU is stopped (for example, to allow a UART module to
complete its transfer of a character or to allow a timer to continue generating a PWM signal).
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The clock control is flexible and supports both modules that need a running clock and modules that must
be stopped when the CPU is stopped due to a breakpoint.

1.3

EEM Configurations
Table 1-1 gives an overview of the EEM configurations. The implemented configuration is devicedependent, and details can be found in the device-specific data sheet and these documents:
Advanced Debugging Using the Enhanced Emulation Module (EEM) With CCS (SLAA393)
IAR Embedded Workbench Version 3+ for MSP430 User's Guide (SLAU138)
Code Composer Studio for MSP430 User’s Guide (SLAU157)
Table 1-1. EEM Configurations
Feature
Memory bus triggers
Memory bus trigger mask for

XS

S

M

L

2
(=, ≠ only)

3

5

8

1) Low byte
1) Low byte
1) Low byte
2) High byte
2) High byte
2) High byte
3) Four upper addr bits 3) Four upper addr bits 3) Four upper addr bits

All 16 or 20 bits

CPU register write triggers

0

1

1

2

Combination triggers

2

4

6

10

Sequencer

No

No

Yes

Yes

State storage

No

No

No

Yes

Cycle counter

1

1

1

2
(including
triggered start or stop)

In general, the following features can be found on any device:
• At least two MAB or MDB triggers supporting:
– Distinction between CPU, DMA, read, and write accesses
– =, ≠, ≥, or ≤ comparison (in XS, only =, ≠)
• At least two trigger combination registers
• Hardware breakpoints using the CPU stop reaction
• At least one 40-bit cycle counter
• Enhanced clock control with individual control of module clocks
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES
Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.
TI’s provision of TI Resources does not expand or otherwise alter TI’s applicable published warranties or warranty disclaimers for TI
products, and no additional obligations or liabilities arise from TI providing such TI Resources. TI reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.
You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such TI products as used in such applications. TI has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.
You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.
TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.
You agree to fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of your noncompliance with the terms and provisions of this Notice.
This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, TI products and services.
These include; without limitation, TI’s standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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