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INTRODUCTION

The E3000 is a powerful and compact emulation tool
supporting the entire H8/300 family microcontrollers.
Its diminutive size and user-friendly operating
environment, combined with relatively powerful
debugging features makes this device an ideal low-cost
development tool for embedded system designers that
utilize 8-bit Hitachi microcontrollers.  The E3000
functions under 2 operating system platforms of the IBM
PC: MS-DOSand MS-Windows. This tutorial will
focus entirely on the usage of the Windows version of
the emulator, the E3000W.

The emulator system consists of the E3000 emulator
box, a user interface cable that connects the emulator
box to the target system via a probe that plugs into the
MCU socket, a RS-232 connection cable that links the
emulator serially to one of the PC Communication ports,

and an optional user external cable that allows

monitoring of various signals on the target system. The
operation of the emulator system is controlled by the

E3000W Windows application software that must be

installed into the Windows interface environment.

Emulation of different MCUs withinhe H8/300 family
requires installment of the proper bond-out eval chip
inside the emulator box. The table below shows the
bond-out chips that support the various H8/300 family
members.

Eval chip H8 family

H8/325 H8/322, H8/323, H8/324, H8/325
H8/330 H8/330

H8/329/338 | HB8/326-329, H8/338-336
H8/350 H8/350

H8/3334 H8/3332 (IKAP), H8/3334

This tutorial will go through and explain all the
debugging capabilities of the E3000, along with all
necessary configuration and setup procedures. Two
assembly demonstration programs will be utilized to
exemplify the emulator features. No target system is
needed for this tutorial as the demonstration programs
will be loaded into and executed from the emulator
memory.

E3000 CONFIGURATION AND SETUP

The E3000 should be linked to the PC via serial
communication port 2 (COM 2) by default. If COM2 is
used, a small window will appear on the screen stating
that COM2 is unavailable. Click on ti@&K button, and

the Port Settingswindow will display 2 serial port
choices, COM1 and COM2, and 2 baud rate choices,
9600 and 19200 baud. Select COM1 and the desired
communication speed, and click on tBK button.

Before downloading the executing code and starting
actual emulation, the E3000 must be set up and properly
configured for the MCU operating conditions. The
following steps shouldalways be undertaken before
downloading the s-record file:

1. CPU configuration
- select CPU type
- select CPU operation mode
- select CPU clock source

2. Memory map setup
3. Clean up code-allocated memory area

1. CPU Configuration

Access the CPU configuration dialog box by clicking on
the CPU configurationoption in theFile menu (see
Figure 1). Three list box options are displayedPU,
CPU Mode andClock(see Figure 2). ThePU box will

list all family members that can be emulated by the
installed eval chip (ie. a H8/325 eval chip allows
emulation of H8/322, H8/323, H8/324, and H8/325).
The CPU Modebox will list one of the 3 possible modes
of operation (single-chip, external mode with on-chip
ROM enabled, and external mode with on-chip ROM
disabled). TheClock box gives 4 options: emulator
internal 20MHz clock, emulator internal 1.25MHz
clock, target crystal (on emulator board), and target
oscillator (on target board). Note that the emulator

HITACHI

Hitachi America, Ltd. « San Francisco Center « 2000 Sierra Point Parkway * Brisbane, CA 94005-1819 « (415) 589-8300



E3000 emulator Application Note

cannot be run from a crystal oscillator on the target side of the emulator front panel. After each selection,
board - it must be wired at the XTAL inputs on the right  click on theOK button.
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2. Memory Map Setup

Access the Memory Map Setup dialog box by clicking
on theEdit Memory Map option in theMap Menu (see
Figures 3 and 4). The lower left box displays the
memory map corresponding to the mode of operation
chosen for the emulator (the default map). Internal
ROM areas are configured as Emulator R/O (Read-Only)
and internal RAM as well as the on-chip register areas
are configured as Emularor R/W (Read-Write). External
address spaces are defined as Target R/W areas. Any

portions of the default memory map may be re-
configured by setting the desired boundaries inStast
Addressand Stop Address/Lengthoxes. Five options,
displayed on the lower right side of the memory map
dialog box, are available: Target R/O, Target R/W,
Emulator R/O, Emulator R/W, and No Memory.
Normally, the user would download his code into an
emulator memory area configured &snulator R/W.
After the memory map has been selected, click on the
SetandDonebuttons.
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3. Filling the memory with NOPs.

In order to avoid that any random characters present in
the memory area that is to be loaded with the user code
or data are processed as instructions,
clear this memory section by filling it with zero bytes (or

NOPs). This is achieved in the Fill Memory dialog box
by clicking on theFill option in theMemorymenu (see
Figure 5). Type in the memory boundaries that will
contain the user program in ti&tart Addressaand Stop

the user should Address/Lengthboxes, enter 0 in th¥alue box, and

press the@K button.
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DOWNLOADING THE PROGRAM

Once the E3000 has been configured and properly setup,
the user file may be downloaded from its location in the
PC directory into the assigned emulator R/W memory.
The file must be in one of the 3 allowable formats:
Motorola S, Intel Hex, or IEEE-695 absolute object file
format. Pull down the Download dialog box by choosing
the Downloadoption from theFile Menu. Thenspecify

the location directory of the absolute file in the
Directories option box, and double-click on the file
name in theFiles option box (see Figure 6). A small
window will appear on the screen indicating the memory
address boundaries of the downloaded program. Click

on theOK button, and another smalindow will appear

on the screen, indicating if an associated symbol file has
been successfully downloaded or not. If there is no
associated symbol file, an error message will be
displayed in this window. Simply ignore this message
and click on theOK button. Alternatively, the_oad
symbolsoption in the Download dialog window can be
removed by clicking on its checkbox, and no error
message will be displayed. The Down load dialog box
also features an offset option box that will add an offset
(maximum FFFF) taghe normal load address; its default
value is 0.
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THE E3000 APPLICATION WINDOW

Before examining the various debug features of the Memory, Map, Run, Break, Trace, Windcand Help.
E3000, a brief description of the application window is  Below, there are 4 default windows displayed: the
necessary. Figure 7 shows the E3000 application Memory window, the Registerswindow, the Status
window. On the top of the screen, the Main Menu Bar is  window, and theGo window. Brief descritions of these
displayed, containing the following 8 menu itenisile, windows are given below.
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The Memorywindow displays the data contents in each
memory location in a tabular format. By default, the
memory contents starting at address 0 are shown. If the
contents of a different memory section need to be
displayed, the user can either scroll down by dragging
the cursor along the scroll bar, or double-click on the
Addr. column and thé&oto Memory Addresdialog box

will be displayed. Enter the desired address, click on the
OK button, and the contents of a memory section starting
at the indicated address will be displayed.

The Registerswindow shows the contents afll CPU
registers (RO - R7, PC, and CCR), and the E3000 timer
value. The contents of the general-purpose registers are
indicated in a word format with the 2 most significant
digits representing the contents of RnH and the 2 lowest
significant digits representing the contents of RnL. R7
should always indicate the location of the stackpointer.
The contents of the CCR are designated bit-by-bit. If

any flag is set, the corresponding starting letter will be
shown. The 2 user bits (bit 6 and 4) are designated as
either 1's or 0's. By default, bit 7 (the | bit) is set, the 2
user bits are 0's, and the rest of the flag bits are cleared.
The contents of each CPU registme updated on the
screen during program execution or single-stepping.
The E3000 timer value is displayed under the CCR
contents, and shows the elapdide between 2 events
during trace execution. This option is further explained
and demonstrated under the TRACINGPERATION
section of this tutorial.

The Status window shows the status of the
communication link (up or down), break and trace
events, and the status of the CPU. The break and trace
events displayed are discussed in tBREAKING
OPERATION and TRACING OPERATION sections of
this tutorial. The CPU status is shown by pressing the
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ENTER key on the keyboard while the focus is on the
Statuswindow.

The Gowindow provides the following 6 control options
to run and stop the emulatoGo, Go Reset, Go Until...,
Stop, Single Ste@nd Step Over. Each alternative is

explained in the RUNNING THE PROGRAM section.

In addition to the Main Menu Bar and the 4 Default
Windows explained above, the application screen also
contains the following 6 function iconsTrace, Map,
Stack, Assembly, Break ContrahdTrace Control. The
Trace, Trace Controland Break Controlfunctions are
discussed in context with the break and trace operations.
By double clicking on th&tackicon, the contents of the
stack memory (starting at FF80) are displayed in a
tabular format. Any stack address can be displayed by

positioning the cursor on th&ddrs column inside the
Stackwindow, double-clicking the mouse, and entering
the desired address. Activating thiap icon displays

the memory map of the emulator, that is the mapping
status of each memory location as explained in the
Memory Map section of the E30@DONFIGURATION
AND SETUP. By activatinghe Assemblyicon, the
Assemblywindow will overlap the defaultMemory
window. This window contains 4 columns labeled
Addrs, Op-Code, Symbodnd Mneumonics and it is
used to view the downloaded program. TAddrs
column shows the memory addresses, @g-Code
column shows the data contents at each address, the
Symbol column shows any program labels, and the
Mneumonicscolumn displays the assembly instruction
corresponding to the data contents at each memory
location.

RUNNING THE PROGRAM

Once the program has been loaded into the emulator
memory, it can be viewed in th&ssemblywindow
(which is activated by double-clicking on tiAessembly
icon). To position the first program instruction at the top
in the Assemblywindow, double-click on theAddrs
column and specify the start address of the program in
the Goto Memory Addrespop-up window. Next, the

program counter (PC) must point to the start address of
the program. This step is done by moving the mouse
pointer to the box containing the value of the PC,
holding down the left mouse button, dragging the pointer
across the PC register value, and entering the start
address of the program. Figure 8 shows a typical E3000
application window just before running the program.
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The user program is now ready to be executed. There
are several options that allow real-time program
execution, and they can be activated from eitherGbe
default window on the bottom right of the application
screen, or by clicking on theunmenu item on the top

of the screen. These options af@o, Go ResegndGo
Until.

1. TheGocommand starts program execution from the
memory location specified in the PC.

2. TheGo Resetommand performs a hardware reset
before executing the program. As a result, all on-
chip registers are reset, the I-bit of the CCR is set
(thus disabling the interrupts), and the PC is loaded
with the data contents at address H'0000.

3. The Go Until command starts program execution
and then stops at a given address within the program
address range. Click on tk® Until button, specify

the stop address, and click on & button to start
program execution.

During program execution, theAssembly window
address portion as well as ti& buttons cannot be
activated. TheStatuswindow will show the message
STATE = RUN, and the PC value change as the program
cycles through. The rest of the CPU registers in the
Registerswindow are updated as well. The program
execution can be cancelled by clicking on t8&op
button in theGo default window or in th&unmenu.

The program can also be run in a non real-time mode,
namely through single-stepping. This feature is a
powerful debugging tool that allows the program
execution to be scrutinized step-by-step. The instruction
currently pointed at by the PC is executed, and the
program stops with the PC pointing at the next
instruction. The effects of each instruction execution
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upon the CPU registers, the on-chip peripheral registers,
or memory can thus be monitored. It is activated by
clicking on theSingle Stepbutton in theGo default
window or in theRunmenu while the program is not in
running mode. In addition, 2 additional options for
single-stepping are availabletep countandStep over

calls. Step countllows the user to execute a certain
amount of instructions per each stefstep over calls
performs single-stepping according to the specified step
count except within subroutines. If a BSR or JSR
instruction is reached, this command will step over the
entire subroutine, thus treating it like a regular
instruction.

DEBUGGING THE PROGRAM

The E3000 offers 2 main debugging features:
Breakpoints and Real-Time Trace Both of these
conditions can be triggered upon either address or

address range conditions, data conditions, user system 2.

triggered external events, event status options, or
"complex" events (based upon a combination of the
previous conditions). Each of these options will be
described in detail under the following 2 sections,
BREAK OPERATION and TRACE OPERATION.

BREAK OPERATION

The E3000 break function enables the user to stop the
program flow given a condition or a set of conditions are

met. This feature allows the programmer to examine
CPU and on-chip peripheral register contents, memory
contents, and to monitor for unexpected causes that
would inhibit correct program operation. The E3000 has

7 types of breakpoints: Access Breakpoints, Write-

Protect Breakpoints, Range Breakpoints, Software
Breakpoints, Hardware Breakpoints, External Event

Breakpoints, and External Breakpoints.

1. AccessBreakpointsautomatically occur as a result
of the user attempting to execute from a memory
location mapped in thtlemory Mapfile menu as
No Memory. For example, an H8/329 operating in
mode 3 has, by default, no memory allocated within

the H'2000 - H'FE7F range. If any address within
this range is accessed by the user program, an access
break will occur.
Write-ProtecBreakpointsautomatically occur if the
user program attempts to execute a write operation
to any memory location mapped in tilemory Map

file menu as eitherTarget Read-Only (R/O)pr
Emulator Read-Only (R/O). For example, an
H8/330 operating in mode 3 has, by default,
memory area H'0000 - H'3FFF mapped to emulator
read-only (since it is allocated to the on-chip ROM).
If an attempt to write to any location within this
range is made, a write-protect break will occur.

3. Range Breakpoints occur if the user program

accesses any memory location set to trigger a break
in the Edit Break Mapdialog box. To arbitrarily set

a range of memory to cause a program break, click
on theEdit Break Mapoption in theMap file menu,

and theEdit Break Mapdialog box will be displayed
(see Figure 9). The default break map indicates that
the break function is disabled throughout the entire
memory map. The user can enter the memory
boundary or boundaries in which an access will
trigger a break by filling th&tart Addressaind Stop
Address/Lengttboxes, and clicking on th8etand
Doneswitches.

AE-0051

Page 11

HITACHI

Hitachi America, Ltd. « San Francisco Center « 2000 Sierra Point Parkway * Brisbane, CA 94005-1819 « (415) 589-8300



E3000 emulator Application Note

L 12

=| E3000W I~
File Memory Map Bun Break Trace Window Help

= Assembl v|af]] = Registers v | -

Addr. Op-Cod Edit Break Map

7907FF8

0104 |7902FDE 2
010% |Faoo Start Address: Hiet

0104 |2896 .
010c |7agozgpll Step Address/Length:
gﬂg EEESFFE Done
0116 |Feni ooono — f£fff Breal: Di=able
n11a |2891
0114 |7900000
g%%g BE0OFEFS
7E91733
0126 [47F& @ Break Enable

0128 jooon
0124 |E2A9 i Break Disable
012C |oEODZ
012E |0A09 ool
0130 |A9FF
0132 |4706
0134 |7F9172320 BCILE . B #3 @H'FEF91:8 +

F- Status BE

0
!
el =)
4
3

reak-CONSOLE |
] | 3 is; H

el _ g

= B k2 —

Trace kdap Stack, Break Contral - Trace Control

Figure 9.

4. SoftwareBreakpoints- A maximum of 31 software be accessed by clicking on tBeeak Controlicon,
breakpoints can be specified. A software breakpoint and then double-clicking on thiastruction Break
causes the program to break on a set address(es) switch. In the column markegxpressiongnter the
upon instruction execution at that location (but not desired address(es) upon which a breakpoint should
upon instrcuction pre-fetch). To set a software be triggered, click on the correspondirgfatus
breakpoint, access thestruction Breakdialog box button(s) to turn the option(s) on, and then click on
by choosing th&reakfile menu and clicking on the the OK switch.

Instruction Breaks option (see Figure 10).
Alternatively, thelnstruction Breakdialog box can
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Figure 10.
5. HardwareBreakpoints- A maximum of 4 hardware clicking on theBreak Controlicon (see Figure 11).
breakpoints can be specified. A hardware A hardware breakpoint can occur upon specification
breakpoint causes the program to break on a of anevent atrigger, and/or asequence.

condition or set of conditions that are specified in
the Break Controlwindow, which is activated by
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Figure 11.

An event is specified by clicking on one of the 4 event conditions, double-click on the event box, and
event boxesEVO - EV3)on the left of the screen in the Break Event (0-3yindow will be displayed (see
the Break Controlwindow; hence, up to 4 hardware Figure 12).

breakpoints can be simultaneoulsy set. To set the
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Figure 12.

Up to four main event conditions can be specified by
entering data into thAddress, Data, User Signals,

and/or Rangecondition fields.

TheAddressfield

indicates the program address upon which a break
will occur. TheData fieldspecifies the data that has
to be present on the emulator data bus for a break

condition to be issued.

Theser Signalsfield

shows which of the 8 user external probes (0-7) will

trigger a break, and upon which logic level.

Two

hexadecimal numbers separated by a semi-colon

indicate this condition.

The first numbeshows

which probe(s) is active by having its corresponding
bit number high; the second number indicates a low
trigger condition if its corresponding bit is 0, and a
high trigger condition if its corresponding bit is 1.
For example, if a break is to be issued when a low
signal is present at probe 3, enter 08;00. Rhage

field

indicates an address

range upon which

execution a break is issued. Up to 8 address ranges
can be specified (0-7). To set one or several address
ranges, click on th&dit Range Mapoption in the
Map file menu or inside th&reak Eventwindow,

and theEdit Range Mapwindow will be displayed.
Range 0 (H'0000-H'FFFF) is the default range. To
enter a different range, speciify the range boundaries
in the Start AddressandStop Address/Lengtffields,
choose the desired range number, and click on the
Setand Doneswitches. For example, if a program
starts at H'100 and an address range between H'110 -
H'200 is specified, the program will break right after
the instruction at the last address within the range is
executed. In addition, 5 more hardware break
conditions can be specified by clicking on the
Advancedswitch inside theBreak Eventdialog box

(see Figure 13).

AE-0051

HITACHI

Page 15

Hitachi America, Ltd. « San Francisco Center « 2000 Sierra Point Parkway * Brisbane, CA 94005-1819 « (415) 589-8300



E3000 emulator

Application Note

=| E3000W |~]2]
File Memory Map Bun Break Trace Window Help
= Assembly | [ =]l = Registers *1+1
Addr. ﬂp-l:l]dt: i Moemoni = aonn

nonneeonl

—

Break Event 0

Address: oooo;o0000

OK/Prev

b

Data: oooo;o000

E‘r.r [] :.

OKJMext

Ewvent Count: |0000

OK

b

User Signals: |00;00

Ev 1

| Clear All Cancel

Range: 0:0

|Edit Range Map... | [Advansed 55

b

Readfrite

ETG,'T 2

Data Size

Memory Space

ReadfWrite |*

Don't Care

o ERERNENENER
}__

|4

Don't Care *

Interrupt Fetch

Ev 3

Don't Care

Don't Care

i e w—w—r—v—r—w—w—w—w—w—
_:"""-:_

Reset

Ext.
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Figure 13.

These options are labelddead/Write, Data Size,
Memory Space, Interrupt,and Fetch. The
Read/Writeoption specifies if an event will occur on

a read-only, write-only, or either a read or write
operation. Théata Sizeoption indicates if a break
will occur if a byte data, word data, or any data is
present on the data bus during a memory cycle. The
Memory Spacdield indicates a break will occur
upon a 2-state, 3-state, or any length state memory
access. Thénterrupt field determines if a break
will occur only if the eval chip interupt acknowledge
bit (IACK) is set (that is when an interrupt service
routine is requested). Finally, thiéetch switch
determines if a break will occur on an instruction or
a data fetch.

A trigger is specified in theEvent Countfield
within the Break Eventindow (see Figure 12). A
specified event break will not be triggered until it

occurs for the number of times indicated in the
Event Counfield.

A sequenceis specified in theBreak Control
window by closing the appropriate switches that
connect neighbouring event boxdsv 0-3 (see
Figure 12) In this case, a break condition will only
occur if the chosen events occur in the specified
order. For example, if the switches connecti\{)

to EV1, EV1to EV2,andEV2to EV3are closed, a
break will occur only if theEVO, EV1,and EV2
conditions will occur in order (and aftev2).

Once the event conditions and/or the trigger
condition for each event have been set, close the
corresponding event switch at the OR-gate in the
Break Control window, and close the window.
Optionally, a delay may be specified in tBelay
field within the Break Control window, and
indicates the number of clock cycles from the break
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7.

occurence that must be executed before actually
performing the break.

Counterwindow will be displayed (see Figure 14).
Specify the break condition in tHeigger atfield as

External Event Breakpointsare monitored by the either a low level or a high level at the probe, the
counted break external probe (probe 8) in the user number of times this condition must occur before a
system, and are specified (one at a time) in the break is issued in thExternal Counter Valudeld,
External Event Countedialog box. Click on the and then click on th®K switch. A maximum count
Ext Cntr. box on the lower-left corner inside the of 64K is possible.

Break Control window, and theExternal Event
= E3000W RE2
File Memory Map Bun Break Trace Window Help

= Assembly |"r il | = Registers il |
Addr. qﬂnﬂ;cﬁidnem Sy bl h{?f,ﬁ?ﬂm External Event Counter -

y =| External Counter ¥alue:

E 1 OK/Prev

0 : ' ~Trigger at

i Jpa— OK/Next

I

I ® Low Level =

: Ok

: O High Level

E Cancel

I

i [

E Break Map | OR SS

: :’Q} IZIIZIEIIZIEIEIq
i |

i External Break 1 L1 | il [fmm
E set
& 1 il...
External Break 2 S B :
te
ver
Figure 14.
External Breakpoints are monitored in the user each instruction executed upon the CPU registers and

system by the 2 external probes, probe 9 (XB1) and
probe 10 (XB2). A low condition at either of these
probes will cause an immediate and unmaskable
break.

TRACE OPERATION

The E3000 trace operation allows the programmer to
examine and debug the operation of his/her H8/300-

based system through keeping a record on the effects of

memory. Critical portions of a program can be stored in
the trace buffer memory in the emulator, and up to 1800
trace entries (54 bits x 1.7Kbyte trace memory) can be
stored in the buffer. Since the E3000 has the capability
of loading and examining trace data while the program is
running in real-time, the operation of time-critical code

portions such as interrupt service routines can be
analyzed.
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TRACE OPERATION SETUP

Before running the portion of the program that needs to
be traced, the trace conditions must be initialized by
appropriately setting th&ace map, trace clock and
trace trigger conditions.

1. Setting the trace map enables or disables trace
events (ie. data or instructions) from being
accumulated into the trace buffer. Click on Huit

Map option in theTrace file menu to display the
Trace Mapwindow and configure the trace map (see
Figure 15). The default trace map is enabled
throughout the entire MPU address range. To select
only a portion of the program to be stored in the
trace buffer, specify the boundaries of this portion of
the program in theStart Addressand Stop
Address/Lengtliields in theEdit Trace Mapdialog

box, click on theTrace Enablebutton, and click on
the SetandDoneswitches.

Trace Mapoption in theMap file menu to display
the Edit Trace Mapwindow, or click on theTrace

File
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=
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Figure 15.

information will be captured in the trace buffer.
Click on theSet Trace Clochkption in theTracefile
menu (see Figure 16).
Read/Write, Read, Writeand Phi. The Read/Write
option will cause all read and write cycles within the

Four options are available:

enabled portion of the trace map to be stored in the

trace buffer. The&rReadoption stores only the read
cycles, and théNrite option stores only the write
cycles. ThePhi option stores the machine cycles in
addition to the read/write cycles. The default setting
is onRead/Write. After making the selection, click
on theOK switch and close the window.
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Figure 16.
3. Settingthe tracetrigger conditionscan be done in 2 Trace Controlwindow is displayed (see Figure
ways: simple trace control and advanced trace 17).
control.

a. The simple trace control is invoked by
clicking on theTrace Controlicon, and the
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Figure 17.
Click on theEV3 box and theTrace Event 3 well. After the conditions have been

window will be displayed to select the desired
trigger conditions of the trace (see Figure 18).
The trace conditions displayed in this window
are and can be set up identically to the hardware
breakpoint conditions explained in the previous
section. That is, a trace can be triggered upon a
desired address, data, user signal(s), read/write
operation, data size, memory cycle length,
interrupt, and/or fetch operation. Also, a trace
can be triggered upon a specified event count as

configured, click on theOK switch and the
Trace Controlwindow will be displayed again.
The trace buffer can be set up to collect
additional trace events past the trace stop
boundary by clicking on th®elay button and
specifying the number of additional trace events
in the adjacent field. Finally, clicking on the
On option of theTrace Control isfield will
enable the trace operation.
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Figure 18.

b. The advanced trace controlis invoked by check off theAdvancedoption in theTracefile
clicking on theAdvancedswitch in theTrace menu, click on th&race Controlicon, and the
Control default window. Or, alternatively, advancedrace Controlis displayed (see Figure

19).
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Figure 19.

A maximum of 4 tracepoints (trace trigger
conditions) can be specified by clicking on
anyone of the £V 0-3boxes on the left screen,
and the correspondingrace Eventdialog box

will be shown (see Figure 20). Each trace point
can be specified using the same condition
parameters as for the hardware breakpoints,
namely by event, trigger, and sequence (see the
BREAK OPERATION section for acomplete
description). In addition, 3 trace control
operations are possible once trace points have
been definedFirst, the time elapsed between 2
trace events can be recorded in the timer field
below theRegistergdefault window (within the
main application window ). Simply close the
switch to the OR-gate corresponding to the
Starttrace event, and do likewise to the switch
of the OR-gate corresponding to tBe&optrace
event, and close th&race Control window.

Stan

A
=

Second,a trace event can be set to trigger an
output pulse to an oscilloscope. Select the
desired trace event by closing the corresponding
switch to the OR-gate whose output is labeled
Ext Trigger. Third, a collection of code events
loaded into the trace buffer memory can be
suspended (stop trace), resumed (re-start trace
from where it stopped), or completed (no further
code events are recorded upon a specified trace
event condition). Simply close the
corresponding trace event switches to the
appropriate OR-gate. Note that a trace event
cannot trigger more than one of the above 3
operations.  For example, a code section
execution can be captured in the trace buffer
upon trace event EV1, suspended upon trace
event EV2, resumed upon trace event EV3, and
completed upon trace event EVO. EV1 can be
triggered upon an address, EV2 can be triggered

Page 22 AE-0051

HITACHI

Hitachi America, Ltd. « San Francisco Center « 2000 Sierra Point Parkway * Brisbane, CA 94005-1819 « (415) 589-8300



Application Note E3000 emulator

upon an interrupt, EV3 can be activated upon a system, and EVO can be activated upon a data
user signal at an external probe in the target byte present on the data bus.
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b
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= ==

4 & @ B Single Step _

Trace Map Stack Break Contral
Figure 20.
TRACE DISPLAY Trace icon, and theTrace (clock =) dialog box is

displayed (see Figure 21).
The trace buffer can be displayed anytime after a break
or a trace complete condition by double-clicking on the
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Figure 21.

There are 2 types of trace displays depending upon the 6.

chosen trace clock (phi or any other option). If the
Read/Write, Readyr Write trace clock option is chosen,
the trace displayed contains the following elements:

1. An index which indicates the number of trace
entries, and which is normally a negative number.
Positive index numbers are the trace entries that
accumulated after the trace event 3 (EV3) condition
has triggered (according to the specified delay in the
Trace Controldialog box).

2. An address column indicating the contents of the
program counter during each CPU cycle.

3. A data column indicating the data bus contents
during the CPU cycle.

4. A user column indicating the status of the user
external signals.

5. Aread/write cycle (R/W)column showing the type
of CPU cycle and the number of cycle states.

An access (CY)column indicating the type of

access (internal, external, EEPROM, or no
EEPROM).
7. A symbol column showing the corresponding

symbol at that address.
8. Adisassemblycolumn showing the traced assembly
code.

If the phi trace clock option is used, machine cycles are
recorded into the trace buffer memory as well, and the
trace display does not contain the symbol and
dissasembly columns, butcantrol column instead (see
Figure 22). This column has 7 entry flags that indicate
(from left to right): evaluation chip wait state (W),
opcode fetch (R), opcode decode (D), interrupt
acknowledge (l), external 3-state access or internal 2-
state access (3/2), branch not taken flag (B), and any
type of jump taken (J).
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Application Note E3000 emulator

= E3000% | ¥
File Memory Map Bun Break Trace Window Help

=) dCE ! = v; - ||
Index Addr Data Usr HW Cy Control

-19 013e £f£ff ff — I- ——m—— =

-1% 013= ffff ff —— I- —————

-17 013= ffff ff ——I- ——— :I

-16 013= ffff ff —— I- —————

-15 013= ffff ff ——I- —m———

-14 013= f£fff ff ——I- —m—

-13 013 ffff ff —— I- —m——

-1? 013= ffff ff —I- ———— :I

-11 013e £f£ff ff — I- —m———

-10 013= ffff ff —— I—- ————— :I
-9 013e f£f£ff ff — I- ————— :I
-3 013e f££ff ff — I- ————

-7 013e ff£ff ff — I- —————

-6 013e ff£ff ff — I- ——m———

-5 013e f££ff ff — I- —————

-4 013e ffff ff — I- ———

-3 013e f££ff £ff — I- ———— |
-2 013e ff£ff ff — I- ————— nooo
-1 013e f£f£ff £ff — I- —————

0 0l3e ffff ff — I- -R—1] oy [l |
= Status |L!‘ Go
reak=COMSOLE 1

. | 1
¥ |8 n
i i _i_ E2
kdap Stack, Trace Contral - Break, Cantral

Figure 22.

PROGRAM EXAMPLES AND LISTINGS

All the setup, download, and debug features of the
E3000 explained previously will be exemplified in detail
by using 2 program example®rogram 1 (tut_pol) fills

a 256-byte emulator memory block between H'FD80 -
H'FE7E with incrementing byte data from H'00 to H'FE
using the polling method. The 16-bit timer module of
the H8/3XX is used to sequentially load the data into the
memory on a specific count (every 1.6384ms with a
5MHz timer clock). When the incremented data reaches
the value of H'FF, the program enters the sleep mode and
execution stopsProgram 2 (tut_int) achieves the same
result but uses the end-of-count timer interrupt to load
the data into the emulator memory. A listing of both
programs is given in Appendix A at pages 56-57.
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E3000 emulator

Application Note

HANDS-ON EXERCISES

This section uses the above-listed program examples in
order to show how a user can typically utilize the

features of the E3000 in order to download, run, and use
the debug tools explained in the previous sections.

programs listed must be assembled, linked, and in s-

record format file (.abs).

1. Configure the E3000 for emulation:

Before starting the exercises, the user must have the a. SelectCPUtypeto H8/338 File menu -CPU
E3000 correctly connected to the PC according to the Configuration- CPU (choose H8/338) CPU
indications given in the E3000 Setup section. The green Mode(choose  single-chip) - CPU Clock
PWRLED on the front panel of the E3000 must be lit (choose 20MHz internal).
indicating that serial connection is established. The 2
=| E3000W |=1%]
File Memory Map Bun Break Trace Window Help
: : = Hegisters bl [fo
CPU Configuration !
RO |ooo0
1 cpu: H8/338 B R1 [00FF |
g _ _ R2 |FE7F |
: CPU Mode: |Single Chip Mode 3 A3 |IIIIIIIIIIII |
g Emulator Int 1 20 MHz Clock * R4 o000 |
= Clock: mulator Interna z Cloc 3 A5 |IIIIIIIIIIII |
; R6 [0000 |
; oK R7 [FFaO |
0 PC [0D13E |
g ] Load Default Memory Map Cancel CCR|I0-0-Z— |
1 @Days HH:MM:55
0 — |
0110 |6B 80 FF 34 F9 00 F8 01 38 91 79 00 00 00 6B 80 | || <¥[f 000000000000
qoi1z0 |FF 92 7E 91 7?3 30 47 FA 00 00 &8 A9 OB 02 0A 09 '
0130 Ja9 FF 47 06 7F 91 72 30 40 ES 00 00 01 80 00 00 | * = Go bl |
= _ Status R ;ﬁﬂ.:l
ICOMMUNICATION LINK 1§ UF

a?ii i

| | |
TRAE .‘“—. - —'i L+ =
A
= Bl &l S E2! _—
Trace kdap Stack, Azzembly  Break Contral - Trace Caontral
b. Setthe memory map: Map file menu - Edit Address(type 1000) - choos&mulator R/W-
Memory Map- Start Addresgtype 0) - Stop click SetandDone.
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Application Note

E3000 emulator

= E3000W I~ [2]
File Memory Map Bun Break Trace Window Help
Addr. 0 1 Edit Memory Map
gooo (0o oo o
gg%g SE gg S Start Address: 0 Set
ggig Sg Sg g Stop AddressfLength: |1000
0050 |00 00 O Done
onsn loo oo of|ooon 1001 Emulator E-T
ago7o loo oo off|iooe bfff Emulator R-0O
gnen loo oo off =000 £771 Ho Menory
ooso loo oo ol|£780 — ££7f  Emulator R-W {2 Target BJO
agoan loo oo of [££80 ffav Ho Memory
oogo loo oo ol|£f88 — £££ff  Emulator R-W ) Target B/WY
ooCo oo oo 0
0000 |00 00 O  Emulator RO
QOED |00 0O O
DO0F0 |00 00 O ® Emulator RAW S
noion |79 07 F H
0110 |6E 80 F  No Memory 00000
Hi1z20 |FF 92 7
0130 ja9 FEF 4 bl B
= Status B
ICOMMUNICATION LINK 1§ UF
| ol |
TRAE .‘“—.- —'i L+ =
-
= 4 L& Ea e —
Trace kdap Stack, Azzembly  Break Contral - Trace Caontral

c. Fill thememorywith NOPs: Memoryfile menu
- Fill - Start Addresqtype 0) - Stop Address
(type 1000) Value(type 0) - clickOK.

AE-0051
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E3000 emulator Application Note

=| E3000W I=1%]
File Memory Map Bun Break Trace Window Help
= Memory [ =]l = Registers *1+1
Addr. 0 1 Fill Memory
gooo oo oo
o010 joo oo
oozn loo oo B Start Address: m oK
o030 oo oo I
o040 joo 00 § Stop AddressiLength:
0050 |oo oo & fLength:| 1000 Lancel
00e0 |00 00
o070 |oo oo [ Yalue: 0
oogo oo oo
ooso oo oo e ¥
ooan loo oo Size: Default (*
Q0BO |00 00
ooco oo oo
0000 |00 00 00 00 00 00 00 00 00 OO0 OO0 00 OO0 00 00 00 cCR[To-0—z— |
Q0ED |00 00 00 00 oo o0 00 oo 00 o0 00 oo a0 oo o0 oo
00FO |00 00 o0 00 oo oo 00 oo 00 o0 00 oo oo oo oo oo Days HH:MM:55
o100 joo 0o oo a0 oo oo 00 oo 00 o0 00 oo a0 oo o0 oo 0 000000 ooooooin
o110 jo0 00 oo 00 oo 00 o0 o0 00 o0 00 oo oo oo o0 oo : 3 : q
Hoi1z0 joo o0 oo 00 00 00 OO0 Q0 OO0 00 00 00 00 00 00 00 i
0130 |00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 oo j* = Go b o
= Status R ;ﬁﬂ.:l
ICOMMUNICATION LINK 1§ UF |
| i |
TRAE .‘“—.- —'i L+ : =
A e
mdl B ] Be B [ _—
Trace kdap Stack, Azzembly  Break Contral - Trace Caontral
2. Download program 1 (tut_pol.abs): tut_pol.abs) Directories(type directory) - click
a. Download the s-record file of program 1 OK.

(tut_pol.abs)into the emulator R/W_memory:
File menu - Download - Filename (type
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Application Note E3000 emulator

=| E3000W I=1%]
File Memory Map Bun Break Trace Window Help
= Memory b I || Hegisters *1+1
fude. 0 ] lompe
gooo joo o0
0010 |00 00 [ 00FF |
0020 |oo oo | Offset:  |00DO |FE?F |
Qo030 joo o0
oo4o foo oo _ [ooo0 |
0050 |oo oo | Fiename. ftut_pol.abs [oo00 |
N0e0 OO0 00 | |
no7o joo oo o a\ aooo
oogo |oo oo [ Files: (2000 |
0050 100 00 § fadd_byte.mot Directories:
0040 (00 00 s [FFan |
ooeo loo oo add._wrdLmut Fa] TI
00co [oo oo [ tutintabs b = [013E |
0o0Do |00 0o . e —— FllIEI—EI—Z—— |
DOE0 |00 00 ‘ Cancal
00F0 |00 oo {'h'l] = P _Days HH:MM:SS
nloo joo oo - 5] = ; : 1
0110 loo oo Fi] | 0 IZIEI.EIEI.EIEI.EIEIEIEIEIEI[]
0120 |00 oo | G =
0120 100 00 § [ | gad Symbols, Extension: 9
= ;@.a.:l
ICOMMUNTCATION LINK IS UP T
| o |
TRAE .‘“—.- —'i L+ =
= B4 & B E2 _—
Trace kdap Stack, Azzembly  Break Contral - Trace Caontral
3. Run program 1 (tut_pol.abs): (type 0100 in thedddressfield) - highlight PC
a. Bring up theAssemblywindow: click on the field in the Registerswindow and type 0100.
Assemblycon. Now the program is ready to be run.

b. Set PC at start program address: click on the
Addr column - Goto Memory Addreswindow
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E3000 emulator Application Note

= E3000% - |
File Memory Map Bun Break Trace Window Help

L 12

[ = Assembly |l = Hegisters Tﬂ *i_
Adl:lr Op-Code Symbaol Mnemonics RO |IIIIIIIIIIII
0100 FENEEgEn WOV W # FF80 B7  [*llny [Goo0 |
E|1E| FA02FDAEN MOV . o #H'FD30.E2 _‘
0108 [Fa0o MOV B #H' 00, ROL R2 [oooo |
0104 |3296 MOV . B ROL.@H'FF9&: 8
010C |79002000 MOV 1 #H' 2000, RO R3 [0000 |
0110 |cEZ0FF24 Mowv . W RO,@H'FF94 =] ||:||:||:||:| |
0114 [F200 MOV . B #H'00.R1L
0116 [Fa01 MOV . B #H'01,ROL RS [o0o00 |
0118 |3291 MOV . B ROL.@H'FF91:8 RE |IIIIZIIIIIII |
0114 |?9000000 MOV . o #H'0000. RO
011E |6BGOFF92 MOV . W R0.@H'FF32 R7 [FFan |
0122 |7E917230 ETST . B #3 @H'FF91:8
0126 [47F BEQ @H' 0122 PC [0100 |
oooo HOP T A
0124 |G2AD MOV . B R1L. &@R2 CCHlID g |
SEE 0BOZ ADDS . W #1.R2 @Days HH:MM:55
nan9 IHC . B RF1L : : i
0130 |9FF CHP.B #H FF_R1L 9o 00:00:00.000000]
HO132 4706 BEQ @H'0134 i
0134 |?PF317230 ECLE B #3 @H'FEF91:8 [+
= Status | bt [
HCOMMUNICATION LINK IS UP
| . | |
TRAC g —‘i .—.
- I
i I I S =)
Trace kdap Stack, Break Contral - Trace Caontral
c. Click on theGo switch and the program will contents of the CPU registers: R1 contains h'ff,
stop at address 013e (upon the SLEEP R2 is loaded with the memory address
instruction) after fillling up the assigned containing the last data in the memory block
memory area with the incremented data (O - ff). (h'fe), and the PC points at the next instruction
By pressing th&topswitch, we can observe the following the SLEEP command.
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Application Note E3000 emulator

= E3000% - |
File Memory Map Bun Break Trace Window Help

L 12

= Assembly | [ =]l = Registers Tﬂ o i
Addr. Op-Code Symbaol Mnemonics RO ||:||:||:||:|
(012E [ HOP *ln [00FF |
0140 (o000 HOF ‘_‘
g%ﬁ 0000 HOF R2 |FE7F |
oooo HOP
0146 |0000 NOP R3 [0000 |
0148 Joo0o HOP
0144 (0000 HOF R4 |DDDD |
014C |oooo HOP RE o000 |
014E (0000 HoP
0150 |oooo HOP R6 0000 |
0152 |oooo HOE R7 [FFaO |
0154 (0000 HOP
0156 [oooo HOP PC [013E |
0158 Joono HOP T A
0154 |0o00 HOF CCHlID 97 |
015C [oooo HOE @Days HH:MM:55
015E |oo0o HoP nhE I
0160 lnooo HOP 1 0 IZIEI.EIEI.EIEI.EIEIEIEIEIEI[]
HO162 |0000 HOP — -
0164 foooo HOF + B o ME
= Status BE
+6ak=CONSOLE | ___ GoReset |
| - | srbern
TRAC g —‘i B - R |
I '._\‘ I
I\ N <1 =)
Trace kdap Stack, Break Contral - Trace Caontral
4. Display memory contents: appear. Fill theStart Addressbox with the
To display the data contents loaded by the program beginning address of the memory block in which the
in the emulator memory, double-click with the data has been loaded. The memory block between
cursor placed anywhere inside the address column, H'FD80 - H'FE7F has been filled with incrementing
and theGo to memory addresdialog box will data from H'00 to H'FE.
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E3000 emulator

Application Note

= E3000W d
File Memory Map Bun Break Trace Window Help
[ = Assembly |l = Hegisters il |
Addr. Op-Code Symbaol Mnemonics RO |IIIIIIIIIIII
FD80 (0001 DATA I |[ [ooFE |
FDs2 |ozoz STC . B CCR.R3H
FD84 [n405 ORC.E #H' 05, CCR R2 [FE7F |
FDS6 |ogn? ANDC B #H'07.CCR
EEEE 0809 ADD B ROH,R1L R3 0000 |
040E INC.B R3L
FDsC |ocoD MOV B ROH, RSL R4 {0000 |
EEE% OEOF ADDE B ROH.R7L RE o000 |
1011 DATA
FDI2 [1213 DATA R6 [0000 |
FD34 11415 OR.B R1H.RSH R7 |FFan |
FD96 |1617 AND B R1H,R7H
FD38 1519 SUE B R1H, RIT PC |013E |
141E DATA T
FDIC |1C1D CHE B R1H,RSL CCR[10-0-Z |
EEEE 1E1F SUEBX B R1H.R7L @Days HH:MM:SS
2021 MOV B @H'FF21:5, ROH —— !
FDAZ [2223 MOV E @H'FF23. 0 R2H || “[? 00:00:00 000000
IFDA4 |2425 MOV . B @H'FF25: 59, R4H .
FDAE |2627 MOV B @H'FF27:5 ReH [+ = Go ! o
2 Status [«] =~ ;ﬁﬂ.:l
reak-CONSOLE
| i
= - ——
S N 1 =1 |—Sle 5oy |
Trace kdap Stack, Break Contral - Trace Caontral

5. Re-initialize the MCU:

PressRe-initialize CPUoption in theRunfile menu
(thus forcing a hardware reset on the CPU). The
timer and I/O port registers are initialized, but not
the CPU registers and the emulator memory. Clear
the contents of R1, R2, and initialize the CCR
contents by highlighting the register contents and
press the BACKSPACE key on the keyboaRtess

the TAB key to highlight the next register and
perform the same operation. Load the PC with the
program start address.

Set a software breakpoint and run the program:
Click on theBreak Controlicon, and then click on
the Instruction Breaksswitch inside theBreak
Control window. Enter address 0138 in the
Expressiorfield, turn theStatusswitch on, and click
on theOK button. Close th8reak Controlwindow,
and run the program by pressing thebutton. The
program execution will stop at address 0138, R1
will contain the next data (H'01), and R2 will point
to the next memory location (H'FD81).
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E3000 emulator

= E3000W il
File Memory Map Bun Break Trace Window Help
= Assembly |"r || = Registers *1+1
Addr. Op-Code Symbaol Mnemonics RO ||:||:||:||:|
40E8 ERA @H' 0122 I |[ [0001 |
0134 |oooo HOF ‘_‘
EEE 0180 SLEEP R2 |FDa1 |
ooon HOF
0140 |0000 HOP R3 [0o00 |
0142 |oooo HOF
0144 |oD0OO HOF R4 |DDDD |
0146 |oooo HOP RS [0000 |
0148 |oooo HOFP
0144 [0000 HOF R6 [0000 |
014C [oooo HOE R7 [FFaO |
014E |oooo HOF
0150 |oooo HOP PC [0138 |
0152 |oooo HOP o
0154 [nooo HOP CCR|IDHO——cC |
g%gg oono HOF g% Days HH:MM:55
ooon HOFP ; ; H
015a |nooo HOP ] 1] IZIEI.EIEI.EIEI.EIEIEIEIEIEI[]
HO15C |ooaoao HOF H '
015E |oooo HOP +
= Status R G
+6ak=TNSTRUCTTON ___ GoReset |
| = G ‘
TRAC el —‘i == B= = Gl J
@ F R =
Trace kdap Stack, Break Contral Trace Caontral m
By pressing theGo button again, the program will 7. Set a break range and run the program:

stop at the 0138 address after going though the loop.
The contents of R1 are now H'02 and R2 is loaded

with the next memory location (H'FD82).

repeating this process, the values in R1 and R2 are
incremented on each execution pass.
software breakpoints are not counted, that is a break

Note that

First, re-initialize the CPU, clear the CPU registers,
and load the PC with H'0100. Then, click on the
Map file menu, and click on thklap Window Select
option. Choose the& option in the Resolution
column, and click on th©K button. This action
will display any memory map in byte resolution.

By

cannot be inserted after a certain number of loop

executions.

AE-0051
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=| E3000W I=1%]
File Memory Map Bun Break Trace Window Help
= Memory |"r || = Registers *1+1
Addr. 0 1
oooo oo oo o Map Window Select
gol1o joo oo o
0020 |01 24 0 : . :
ooz0 loo oo o rMap Window Selection ] [Resolution™ ]
ooso foo oo of | " - OK
0oso jo0 oo 0 : £
0050 10D 00 OF | @ Memory Map, s —
go7o0 joo oo o T Lance
0080 |00 oo of | © Break Map <8
0090 |00 00 O V1B
ooA0 |00 oo of | < Trace Map -
DOED |00 00 O O 32
ooco oo ao oo O Range Ma
oobo joo0 oo 0 mand P Oﬁd
QOED Joo o0 o
QOFO0 Joo o0 o 155
gioo |79 07 F ooooooin
0110 |gB 80 FF 94 F9 00 F3 01 38 91 79 00 00 00 6B 80 d
qoi1z0 |FF 92 7E 91 7?3 30 47 FA 00 00 &8 A9 OB 02 0A 09
0130 Ja9 FF 47 06 7F 91 72 30 40 ES 00 00 01 80 00 00 | * = Go bl o
= Status R ;ﬁﬂ.:l
reak-BREAK MAT |
| e i
| =) =7 o g _
= o e e sy |
Trace kdap Stack, Break Contral — Azzembly Trace Caontral
Add a breakpoint range by bringing up tBeeak in the Start Addresdield and H'012e in th&top
Control window, clicking on theBreak Mapoption, Address/Lengtfield, and click on th&reak Enable,
and clicking on the&edit Map switch. Enter H'0122 Set, and Donswitches.
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Application Note E3000 emulator

=| E3000W I=1%]
File Memory Map Bun Break Trace Window Help
= Break Ma i i ol i |
B: Break Ena Edit Break Map
Ofs. . 0122 —_—
0000111 Start Address: Get I
Adr [ngscoes Ak
Stop AddressfLength: |D12e |
0000 [——————
o100 [————— Done
gzo0 |—————- oooo — 0121 Breal Dizable
0300 [——— 01z2 — 012t Breal: Enable
AN | == 0130 — ffff Breal: Di=able
0500 [——————
060D |——————
0700 |—————-
o] #® Break Enable
0900 |—————- :
0A00 |————— _ Break Disable
0BOO |-———— |
gcog |{——————— nn
0D00 [——————
R e =31 [
oFon +
% '-:3 set
Il .
e Reset i Im il...
5 External Break 2 _i_ g
te
VET
The Break Map window will display aB under
locations H'0122 - H'012e.
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Application Note

T E3000%

L 12

File Memory Map Bun Break Trace Window Help

= Break Map

|[E: Breal Enable —: Break Di=able *

a4
2

w |

Combination

Edit Map...

Ofs.

Ad 0000000011111111222222223333333344444444555555556666666677777777
I 0246 8ACEN 246 0ACEN 246 0ACED 246 BACEN 246 0ACEN 246 BACEN 246 BACEN2 46 BACE

oaoo
0osn

Lt ~

01ioa BEEEEEEE

o1an
nzoo

02a0

0300

0380

0400

0480

0500

nsan
0e00

ENIETRNNEND

oooo

0650

Ho7 oo

4
3

0780

External Break 2

[cri_ g

I_i_ 1l...

set

= |l

——

&
VET

Close theBreak Mapand Break Controlwindows,
and run the program by clicking on tkBo button.
The program will break at location H'0122Press
Go again, and the PC will point at location H'0128,
skipping H'0126. Pres&o again and the PC will
point at H'012C, skipping H'012A. PreG® again
and the PC will point at H'0130, skipping H'012e.
Run the program again, and the PC will stop at

H'0138, which has been earlier configured as a
software breakpoint. The reason the PC skips every
other location within the break range is that @
Past Breakswitch is checked on, meaning that the
PC will stop at the next address past the breakpoint
address. The program will break at each
consecutive memory location within the break range
only if the Go Past Brealswitch is checked off.
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E3000 emulator

= 100 il
File Memory Map B2 Break Trace MWindow Help
= Go F5_ [=]«]lll = Registers o |
Addr. OpCode g 0o Reset shiftiks RO [o000
Go Until... Ctrl+F5 122 :-I Ri
0124 |09 1 }”””1 }
BEAT - @R2 R2 |FDa1
012C [0E02 single Sbep k7 2
012E [0a09 Step Over Calls F8 R3 [o0o00 |
0130 |49FF Go Past Break F.RIL R4 |oooo
0132 |470% = 134 | |
0134 [FF917230 Reinitialize CPU H'FF91:8 RE o000 |
0128 [40ER 122 R6 [0000 |
0134 |ooon Step Count... Shift+F7
013C [o1s0 SCEET R7 [FFaO |
013E |oooo NOF
0140 |oono HOP PC 0126 |
0142 |oooo HOF s
0144 [nooo HOP CCR|IDHO——cC |
gﬁg oooo HOF @Days HH:MM:55
0000 HOP ——— !
ik [oee e ] 0 00:00:00 000000]
Uo14C |oooo HOE i
014E |oooo NOF +
= Status |‘r =
+oak-BREAR FAT ___GoReset |
| = G ‘
TRAC (| —‘i == B= = Gl J
i I < =
Trace kdap Stack, Break Contral Trace Caontral m

Set a hardware breakpoint:

First, clear the previous software breakpoint by
accessing thBreak Controlwindow, clicking on the
Instruction Breakswitch, and turning of th8tatus
switch. Next, clear the range breakpoints by
clicking on theBreak Map switch in the Break
Control window, click on theEdit Map button,
highlight the H'0122 - H'012e break range, and click
on theBreak disable, SegndDone switches. To

set a hardware break point, open Break Control
window, and click on th&VO0 button to display the
Break Eventwindow. Highlight theData field,

type AAO00:FFO0O0, and click on theK button. This
means that a breakpoint will occur wherH&sA\A

byte data is detected on the data bus. Note that only
the upper 8 bits of the data bus are used and that the
lower 8 bits must be masked. Typing F's allow the
bits to be recognized, while typing 0's mask the bits.

AE-0051
HITACHI

Page 37

Hitachi America, Ltd. « San Francisco Center « 2000 Sierra Point Parkway * Brisbane, CA 94005-1819 « (415) 589-8300



E3000 emulator

Application Note

=| E3000W |~]2!
File Memory Map Bun Break Trace Window Help
= Assembly | [ =]l = Registers bl [
Addr. ﬂp-l:l]dt: i eI = [LLLL]]]

nonneeonl

—

Addr

b

Data

b

— o

= T ey ===

b

Break Event 0

0000;0000

ESS!

AADD;FFOD

OK/Prev

OKJMext

Event Count: |0000 0K I
User Signals: |00;00 | Clear All Cancel
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Res Im il...
External Break 2 S B g
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To enable the breakpoint setting, close &0
switch to the OR-gate input in thgreak Control
window, and close the window.
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Application Note E3000 emulator
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E 0 Cancel :I
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E Break Map | OR SS
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External Break 2 S B g
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Run the program by pressing tge button. The (H'AB) to be transferred into memory, since R1 has
program execution will stop at location H'0130, after already been incremented by the time the emulator
the emulator detects a H'AA byte data onto the data firmware issues a data break.

bus. Observe that R1 contains the next byte data
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E3000 emulator Application Note

= E3D00vY hdl
File Memory Map Hun Break Trace Window Help

= I vV - [~ [ =] Registers _[-=]
Addr. Op-Code Symbuol Mnemonics RO |IIIIIIIIIIII |
0100 [7907FFE0 HOV . ¥ #FF0. 57 [#llng [goap |
0104 |7902FDs0 MOV . W #H'FD&0 . R2 ]
0108 [FE00 MOV B #H'00,ROL R2 [FEZE |
0104 |3896 HOV . B ROL. @H'FF96:8
010C |79002000 MOV #H'2000 RO R3 [0000 |
0110 |cBBOFF94 MOV W R0, @H'FF94 R4 |,:,|:||:,|:| |
0114 |F200 MOV . B #H'00,R1L
0116 |FE01 MOV . B #H'01,ROL RS [0000 |
0118 |3g91 HOV . B ROL . @H'FF91:8 RE |I:|I:|E|I:| |
0114 [79000000 Mow o #H'0000, RO
011E |¢BROFF92 MOV W RO, @H'FF92 R7 |FF80 |
0122 |7E917330 BTST.E #3, @H'FF91:8
0126 [47Fh EEQ @H 0122 PC [0130 |
aoon HOP —
0124 |A249 MOV . B R1L, @R2 CCH|IDHDN & |
012C |0B0z ADDS . W #1.R2 @Days HH:MM:55
D12E |0A09 INC.E F1L T I
0130 P CHE B #H'FF,RIL [0 000000 000000}
HO0132 |4706 BEQ aH' 0134 i
0134 |7F917230 BCLE.E #3 @H'FF91:8 |+
= Status |"r &
reak=HW-A I
| i | —::_ |
TRAC i ‘_'i‘ == LH -
X, "‘1 I "'Ir
=] B4 A 0 Bl =
Trace Map Stack, Break Control Trace Control
Next, a hardware breakpoint will be triggered after a theEV1box. Highlight theAddresdfield entry, and
break event has occured a number of times. type 012A. Next, highlight the contents of theent
Specifically, a break will occur after the address Countfield, type 8, and click on th®K switch.

H'012A is present on the address bus 8 consecutive
times. Open th8reak Controwindow and click on
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Address:
Data:
Ewvent Count:
User Signals:

Bange:

Break Event 1

012a

oooo;o000

OK/Prev

OKJMext

i OK I
0000 | Clear All Cancel
0:0 |Edit Hange Map... |Adganced >

External Break 1

External Break 2

T -

Next, close thé&V1switch at the OR-gate input and
close theBreak Controlwindow.
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= E3000W I
File Memory Map Bun Break Trace Window Help

= Assembly |"r || = Registers *1+1
Addr. Op-Code Symbaol Mnemonics 1 RO ||:||:||:||:|

in0 Innnaeoonl WATT TT AT O 0 79 | r

lf = Brea 0 D w | - Q
A :I
[ E W D I

) G ey Cl :I
I | B, = OR bl

[ = | — [
E ] 0 Cancel :I
0 Clock Cycles

I: L
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i |
[ ]
! .

i Break Map | OR SS

! = anoooo||
{ |
E External Break 1 =1 B P
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1L 1 il...

External Break 2 L - g
te
VET
Load the PC with the program start address H'0100 8 times. Notice that the content of R1 is 07, and that
and press th&o button. The program will break the PC points at the next location past the breakpoint
after the H'012A address has been on the address bus (H'012C).
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Application Note E3000 emulator

L 12

= E3000% - |
File Memory Map Bun Break Trace Window Help

= Assembly | [ =]l = Registers Tﬂ = i
Addr. Op-Code Symbaol Mnemonics RO ||:||:||:||:|
0100 [7907FF80 MOV . #H'FF80.R7  [+lllnq (0007 |
0104 |?902FD&0 Mow . o #H'FD30.E2 _‘
0108 [F&00 MOV . E #H' 00, ROL Rz [Fpav |
0104 |3296 MOV B ROL.@H'FF9&: 8
010C |79002000 MOV 1 #H' 2000, RO R3 [0000 |
0110 |EBZ0FF24 Hov . o RO.@H'FF94 R4 ||:||:||:||:| |
0114 [F200 MOV . B #H'00.R1L
0116 [Fao1 MOV . B #H'01.ROL RE o000 |
0118 |3291 MOV B ROL.@H'FF91:8 RE |IIIIIIIIIIII |
0114 |?9000000 Mow . o #H'0000. RO
011E |6EBOFF92 MOV . W RO, @H 'FF92 R7 |FFan |
0122 |7E917230 ETST . B #3 @H'FF91:8
0126 [47F2 BEQ @H' 0122 PC [oi2C |
0128 Joono HOP o
0124 |GBAD MOV B R1L. &@R2 CCH' LoHg g |
- [l ADDS. W #1.R2 @Days HH:MM:SS
01ZE |0&09 IHC . B R1L T I
0130 |9FF CHP.B #H FF_R1L 9o 00:00:00.000000]
HO132 4706 BEQ @H'0134 i
0134 |?PF317230 ECLE B A3 @H'FF31:3 |+
= Status | bt [
reak=HW-1 I
| . | —::__ |
TRAC (- | —‘i =" = =
» M @ B =
Trace kdap Stack, Break Contral Trace Caontral
9. Set a sequence break: H'0134 in theAddressfield, type 8 in theEvent
Re-initialize the CPU and cleall registers in the Counterfield, and click on theOK switch. This
Registersvindow. To set a sequence break, at least means that the second break condition will occur
2 break events must be specified and occuring in a after address H'0134 has been on the address bus 8
certain order. In this example, we specify 2 break times. Next, close the switch connecting M0 to
events. First, open thEvent Odialog box, enter the EV1 box, and also close tHeV1 switch at the
address H'012a in th&ddressfield, type 2 in the OR-gate input. This means that the emulator will
Event Counteffield, and click on theOK switch. stop program execution when both t¢0andEV1
This means that the first break condition is satisfied break conditions have occured in order.

when address H'012a is on the address bus 2 times.
Second, open thevent 1dialog box, enter address
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E3000 emulator Application Note

= E3000W I
File Memory Map Bun Break Trace Window Help

= Assembly |"r || = Registers *1+1
Addr. Op-Code Symbaol Mnemonics 1 RO ||:||:||:||:|

onooenonl WATT TT AT O 0 79 | r

0= Brea 0 0 v | & Q
A :I
[ E W D I

{ T ey Cl :I
I | S el | O, bl

[ =P |
E ; i Cancel :I
0 Clock Cycles

I: L

i Instruction Breaks| (|
i |
: ]
! .

E Break Map | OR SS

0 :ﬁ EIEIEIEIEIEIq'
il |

i External Break 1 =1 B P
E set
1L 1 il...
External Break 2 _I_ g
te
VET
Close theBreak Controlwindow, load the PC with EV1 are satisfied. Note that R1 contains the next
H'0100, and press thgo button. The program will data byte H'09, and the PC points at the next
stop after theEV1 condition when bothEVO and location past the last break address (H'0138).
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Application Note E3000 emulator

= E3000% %
File Memory Map Bun Break Trace Window Help
[ Assembly [ =]l = Registers |;L:j
Addr. Op-Code Symbaol Mnemonics RO ||:||:||:||:|
011C o000 HOP I | |ooo9 |
011E |eES0FF32 HOV .U RO.@H'FF92 =
g%%g 7E917330 ETST . B #3 . @H'FF31:8 RZ |FDE‘3 |
47FA BEQ @H'0122
0128 |000o NOF R3 [0000 |
0124 |62Aa9 HOV . B R1L.@E2 R4 |onoo
012C |oBOZ ADDS . W #1.R2 | |
01ZE 0409 INC.B R1L RS [o0o00 |
0130 |a9FF CHP.B #H'FF . R1L AE |I:||:||:||:| |
0132 |4708 BEQ @H'0134
0134 |7F917230 ECLE.E #3, @0 FF91:8 R7 [FFaO |
0138 EYNhoe ERA @H'0122
0134 (0000 HOP PC [0138 |
013C |o1g0 SLEEF e
013E |0o0o HOFP CCFllIEIHEI g |
gﬁg oooo HOF @Days HH:MM:55
aooo HoP T i
0144 |nooo HOP 1 0 IZIEI.EIEI.EIEI.EIEIEIEIEIEI[]
HOlde |0000 HOP i
0148 foooo HOP + = Go
= Status R L_ﬁ.!l.:l
reak=HU-1 |
[ | === i srbern
TRAC g —‘i ‘ | B - R |
i Iy~ =
i & Bl =
Trace Map Stack Break Control Trace Control
10. Run a trace using the simple trace control: trace control dialog box is displayed, which allows
First, re-initialize the CPU and cleall breakpoints. trace triggering only upon a condition(s) sett/3.
Access theTrace Control window by double- Enable the trace control by turining on tieace
clicking on theTrace Controlicon. The simple control isswitch.
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= E3000% | ¥
File Memory Map Bun Break Trace Window Help

> Start |
IE—3 * Center |
Trigger on Y then Trace
> End I
) Delay |0 Entries in |
Advanced |
Trace control is |(On (# e |
Snapehal |
. |
Lanae I
""" iH:MM:55
0130 |a9FF CHE E #H'FF.RIL [FSF[0_U0-00:00. 000000}
HO132 |4706 EEQ aH' 0134 ! i
0134 [7F917230 ECLE.E #3 @H'FF91:8 |+ = Go i [
= Status | | e G
+6ak=CONSOLE -

il

o | s T T Hian
M B [
kdap Stack, Break Contral Trace
Next, click on theEV3 box, and thelTrace Event 3 This means that a trace should be recorded in the
window will be displayed. Highlight théddress trace buffer starting from the beginning of the
field, enter H'0122, and click on th®K button. program up to address H'0122.
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Application Note E3000 emulator

=| E3000W I=1%]
File Memory Map Bun Break Trace Window Help
= Trace Control |"r ~ lIsters *1+1
Trigger on I Ev 3 Address: 13e OK/Prev
Data: 0000;0000 OKINext
Ewvent Count: |0D000 0K I
Trace contrd User Signals: |00;00 | Clear All Cancel
Range: 0:0 |Edit Range Map... |Adgan[:t:d >
0130 |A9FF CHE B FH EE HIL 0ofy
0132 |4706 EEQ aH' 0134
0134 |7F9172320 BCILE . B #3 @H'FEF91:8 + = Go b o
= Status |- M
reak-CONSOLE |
- —‘i ! ThAC ALLE
M 2 [
kdap Stack, Break Contral Trace -

Close theTrace Controlwindow, load the PC with = COMPLETE will be displayed in the status box of
the start address of the program (H'0100), and click the application window, implying that the trace
on the Go switch. The program will run until it condition is satisfied. Click on th&raceicon, and
reaches the Sleep instruction. The message TRACE the trace will be displayed.
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E3000 emulator

Application Note

= E3000% | ¥
File Memory Map Bun Break Trace Window Help
= ACE 1 Head T; - ||
Index Addr Data Usr BV Cy Symbol Disasm
—-19 0104 7902 ff Rz I- MOV . W #H'FDE0 . R2 +
—-13 0106 fd480 ff R2 I-
—17 0108 faoo0 £ff R2 I- MOV . B #H'00,.ROL
—-16 010a 38958 ff R2 I- HOV . B ROL.@H'FF96:8
—-15 010z 7900 ff R2 I- MOV . W #H' 2000, RO :::]
—14 ££96 00 ff W3 I-
—-13 010e 2000 ff R2 I-
—-12 0110 abB0O ff R2 I- MOV W RO.@H'FF94
—-11 0112 ££94 ff Rz I- :I
—-10 0114 f£900 £ff R2 I- MOV . B #H'00.R1L

-9 ff94 210 ff W3 I-

-8 f££95 00 ff W3 I-

-7 011s f301 ff R2 I- MOV B #H'01.ROL

—6 0118 3891 ff Rz I- MOV . B ROL.@H'FF91:8

-5 011a 7900 ff R2 I- MOV . W #H'0000.RO

-4 f£f91 01 ff W3 I-

-3 01lc 0000 ££ RZ2 I- i

-2 011le 6bE0O ff R2 I- MOV W RO.@H'FF92 poog

-1 0120 f£92 ff R2 I-

00122 791 ff R2 I- |l
= Status R Go
+6ak=CONSOLE | ___ GoReset |

= = -5 =

e £ & T
Trace Contral Map Stack Break Contral m

11. Run a trace triggered on an event count:
Re-initialize the CPU, clear alLPU registers, and
load the PC with the start program address. Click on
the Edit Trace Mapoption under thélap file menu.
The default trace map allows tracing to occur

throughout the entire memory range. Modify the

trace map so that only the portion between H'012a -
H'012e will be enabled, with the rest of the memory

disabled for tracing.
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Application Note E3000 emulator

= E3000W RE2
File Memory Map Bun Break Trace Window Help
Addr. Op-Cod Edit Trace Map
7I07FRFE
0104 |7902FDE . 012a
0108 lFaon Start Address:
0104 |2896 A
010 7300200 Stop AddressfLength: |012e
0110 |EB2OFF9 Done
0114 |F900 gooo — 0129 Trace Disable ==
0116 |Faol Nl2a — 012f Trace Enable
0118 |2891 0130 — ffff Trace Di=able

0114 7900000
011E |cBSOFF9
0122 |7E91733
0126 |A7FA

0128 jooon

0124 |E2A9 * Trace Disable
012C |oEODZ
012E |oAD9
0130 |A9FF
0132 |4706
0134 |7F9172320 BCILE . B #3 @H'FEF91:8 + = Go

*{- Status v |- ;ﬁﬂ.:l

® Trace Enable

reak-CONSOLE |
— o - _
R
el 5 & _—

Trace Caontral kdap Stack, Break Contral
After clicking on theSetand Done switches, the In the Trace event 3lialog box, enter H'012e in the
Edit Trace Mapdialog box will close. Access the Addresdield, and 3 in thé&event counfield.

Trace Controlwindow, and click on th€=V3 box.
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E3000 emulator Application Note

=| E3000W I=1%]
File Memory Map Bun Break Trace Window Help
= Trace Control |"r « lsters *1+1
Trigger on I E‘rf 3 Address: 012E;FFFF OK{Prev
Data: 0000;0000 OKINext
Ewvent Count: |0003 0K I
Trace contrd User Signals: |00;00 | Clear All Cancel
Range: 0:0 |Edit Range Map... |Adgan[:t:d >
0130 |A9FF CHE B FH EE HIL 0ofy
0132 |4706 EEQ aH' 0134
0134 |7F9172320 BCILE . B #3 @H'FEF91:8 + = Go b o
= Status v |- Go
reak=CONSOLE l Go Heset

: :
o | s Ereet e Htan
L J

il

e Trace

kdap Stack, Break Contral
This means that a trace should be collected only the Trace Controlwindow. Run the program by
during instruction execution between memory pressing thé&so switch, and display the trace buffer
locations H'012a - H'012e as the programs loops 3 contents by clicking on th€raceicon.

times through these locations, and up to the end
address H'012e. Click on ti@K button, and close

Page 50 AE-0051
HITACHI

Hitachi America, Ltd. « San Francisco Center « 2000 Sierra Point Parkway * Brisbane, CA 94005-1819 « (415) 589-8300



Application Note E3000 emulator

= E3000% | ¥
File Memory Map Bun Break Trace Window Help
= ACE 1 Head . T; || -
Index Addr Data Usr BV Cy Symbol Disasm

-3 012a 6829 £ff RZ I- MOV . B E1L. a@R2 +

-7 012z 0BOZ £ff R2 I-

—6 012e 0a09 ff R2 I- INC . B F1L

-5 012a 6829 ff R2 I- MOV . B R1L. a@R2

—4 012z 0bOZ £ff R2 I-

-3 012e 0a09 ff R2 I- INC. B R1L

-2 012a 6829 ff R2 I- MOV . B R1L.@R2

-1 012z 0bOZ ff R2 I-

0 0l2e D209 ff R2 I-

2 I

+ ==
= Status R Lo
reak-CONSOLE - | GoReset |

= w5 =
e B e _ Single Step |
Trace Contral Map Stack Break Contral m

12. Run a trace using the advanced trace control upon the last instruction in the interrupt service
The second test program (tut_int.abs) will be used routine at H'013c. Click on the first event b&y0,
for these examples. First, however, clear the and enter H'010c in the address field as previously
memory contents where the first program is loaded, explained. Click on the second event bé¥,1, and
and download the second program, as explained in enter H'0132 inn the address field. Similarly, click
the previous sections. Access thieace Control on EV3 and enter H'013c in the address field. Go
window, click on theAdvancedswitch, and the back to theAdvanced Trace Contrakindow, and
Advanced Trace Contratindow will be displayed. close the EV1-labeled switch to the input of the
A trace is to be captured starting from the beginning ResumeOR-gate, the EVO-labeled switch to the
of the program, suspend the tracing at address input of theSuspendOR-gate, and the EV2-labeled
H'010c, resume tracing at the start of the interrupt switch to the input of th€ompleteOR-gate.

service routine H'0132, and complete the tracing
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E3000 emulator Application Note

o E3000W i
File Memory Map Run Break Trace Window Help
= Trace Control — [y =0 [y

£ Timer Clear
iy Start =
:Z=Chn iy
r @ Sunapshal
il P | Stﬂp '
L; s Lanupt
Ext. Trigger

= gl_ﬁ_ﬂ\—” | Trace Clock

v Read\rite | *

- | . Gu—_l

] (BT g 'ﬁ Besume Trace
[

Trace H pye— Y §| @
|Control _|AH'D i’

L

4
3

o=

Stan

Stack, Break Caontral

Close the Trace Control window, and run the
program. To view the captured trace, double-click
on theTraceicon.
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Application Note

E3000 emulator

= E3000v ¥
File Memory Map Bun Break Trace Window Help
= 3 1 Head T; - ||
Index Addr Data Usr BV Cy Symbol Disasm
—10 0104 0700 ££ R2 I- IDC. B FH'00,CCR -+
-9 0106 7902 £f R2 I- Moy W #H'FDao. R2
-5 0108 fd80 ff R2 I-
-7 010a £800 £f R2 I- MOV . B #H'00, ROL
-6 010c 3896 ff R2 I- MOV B ROL.@H'FF96:8 :I
-5 0134 0b0O2 £f RZ2 I- ADDS. W #1.R2
-4 £480 00 ftf W2 I-
=3 0136 Na09 £f R2 I- INC.B R1L
-2 0138 =a9%ff £f R2 I- CHE . B #H'FF.RIL :I
-1 013a 4702 £f R2 I- BEQ @H'013E
0 013c 5670 f£f R2Z I-
IIEIEIEIq'
.+ h =
= Status R Go
+6ak=CONSOLE | ___ GoReset |
- ﬂ\
w S
W - | B | Single Step |
Map Stack Trace Contral - Break Contral m

13. Time 2 trace events with user clock frequency.
First, disable the tracing conditions set above by
clicking on the closed switches in thedvanced
Trace Controlwindow. Then, click on th&V0box,
and enter H'0132 in the address field. Next, click on
the EV1 box and enter H'013c in the address field.

Close theTrace Event dialog box, close the EVO-
labeled switch to the input of tigtart OR-gate, and
close the EV1-labeled switch to the input of Step
OR-gate.

AE-0051
HITACHI

Page 53

Hitachi America, Ltd. « San Francisco Center « 2000 Sierra Point Parkway * Brisbane, CA 94005-1819 « (415) 589-8300
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o E3000W i
File Memory Map Run Break Trace Window Help
= Trace Control — [y =0 [y

- |

i sut, g 28] —
r Sunapshal Q
£ Stop ; —
L; ! Cancel
N Ext. Trigger :I
r lﬁ _|_| Trace Clock :I
7 ReadWrite |*
5 Go 1 :I
il | Resume Trace Q
i | = ]

M55

1. EIEIEIEIEIEIq'

4
3

o=

|0_ Complete

4 OR . | =

] race |ﬂmm
: |Control _ i’

: lﬁ Suspend

2 R

Stan

2 3

Trace tap Stack Break. Contral

Run the program again by clicking on theo Registersdialog box in the main applications
switch. The internal clock time it took to execute the window.

interrupt service routine portion of the program will

be indicated in th€lockfield on the bottom of the
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E3000 emulator

File

Memory Map Bun

E3000% - [Registers]
Break Trace

Window Help

RO [o0000

R1 |00FF |
R2 |FE7F |
R3 [o0000 |
R4 |0000 |
R [0000 |
RE6 [0000 |
R7 |FF7C |
PC [0142 |
CCR|I0-0-Z—— |

@Days HH:MM:55
] : : .

00:00:00.0003060

Lo

[mpupmp

INTL

0164 |oooo HOF
HO166 |0oaoad HOF H
0168 |joooo HOP +
= Status e
reak=CONSOLE
1 = |
TRAC g —‘i .—
o '._\‘ |
] W | | e
Trace kdap Stack, Trace Contral - Breal: I:::untn:ul
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E3000 emulator

Application Note

APPENDIX A - PROGRAM LISTINGS

Program 1:

frc_tier .equ h'ffo0
frc_tcsr .equ h'ffol

frc_frc .equ h'ff92
frc_ocra .equ h'ffo4
frc_ter .equ h'ffo6

frc_tocr .equ h'ffo7

1

Initialize interrupt vector address

.org h'0020
.data.w EXECUTE

Start program

.org h'100

mov.w #h'ff80,r7

mov.w #h'fd80,r2

mov.b #0,r0l

mov.b rOl,@frc_tcr

mov.w #h'2000,r0

mov.w r0,@frc_ocra ;set count

mov.b #0,rll ;set initial data

mov.b #h'01,r0l

mov.b rOl,@frc_tcsr ;counter cleared at compare-match

mov.w #0,r0

mov.w r0,@frc_frc
WAIT_LOOP:

btst.b #3,@frc_tcsr

beq WAIT_LOOP

;initialize stackpointer
;set memory buffer start pointer

;set clock /2 mode

;reset free-running counter

;compare match?
;if not, re-check

nop
EXECUTE:
mov.b rll,@r2 ;load data into buffer memory
adds #1,r2 ;point to next memory location
inc.b ril
cmp.b  #h'ff,rll ;last data?
beq END ;if yes, end program

bclr.b #3,@frc_tcsr

bra WAIT_LOOP
END: nop

sleep

.end

;if not, clear compare-match flag
;do it again

Program 2:

frc_tier .equ h'ffo0
frc_tcsr .equ h'ffol
frc_frc .equ h'ffo2
frc_ocra .equ h'ffo4
frc_ter .equ h'ffoe
frc_tocr .equ h'ffo7

Initialize interrupt vector address

.org h'0020
.data.w EXECUTE

Start program

.org h'100

mov.w #h'ff80,r7  ;initialize stackpointer
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Application Note

E3000 emulator

Idc  #0,ccr ;unmask all interrupts
mov.w #h'fd80,r2 ;set memory buffer start pointer
mov.b #0,r0l

mov.b rOl,@frc_tcr ;set clock /2 mode

mov.w #h'2000,r0

mov.w r0,@frc_ocra ;set count

mov.b #0,rll :set initial data

mov.b #h'01,r0l

mov.b rOl,@frc_tcsr ;counter cleared at compare-match

bset.b #3,@frc_tier ;enable compare-match interrupt

mov.w #0,r0

mov.w r0,@frc_frc ;reset free-running counter
WAIT_LOOP:

nop

bra WAIT_LOOP ;wait for compare-match interrupt

nop

sleep

nop

; Compare-match interrupt service routine

EXECUTE:
mov.b rll,@r2 ;load data into buffer memory
adds #1,r2 ;point to next memory location
inc.b ril
cmp.b  #h'ffril :last data?
beq END ;if yes, end program
rte
END: nop
sleep
.end

The information contained in this document has been carefully checked, however the contents of this document may be
changed and modified without notice. Hitachi America, Ltd. shall assume no responsibility for inaccuracies, or any
problem involving patent infringement caused when applying the descriptions in this document. This material is protected
by copyright laws. Hitachi America, Ltd. reserves all rights.
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