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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.
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1.1 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.

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAU414F
http://www.ti.com/lit/pdf/SLAA393
http://www.msp430.com
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Figure 1-1. Large Implementation of EEM

http://www.ti.com
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1.2 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).

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAU414F
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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 device-
dependent, 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 XS S M L

Memory bus triggers 2
(=, ≠ only) 3 5 8

Memory bus trigger mask for
1) Low byte
2) High byte
3) Four upper addr bits

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

1) Low byte
2) High byte
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

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAU414F
http://www.ti.com/lit/pdf/SLAA393
http://www.ti.com/lit/pdf/SLAU138
http://www.ti.com/lit/pdf/SLAU157
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