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CORRECTION

In our current system configuration, the Kontron logic Anmalyzer (KLA) unit or
the Kontron Development System (KDS) unit replaces the ADS console as the host
unit. The Kontron Slave Emulator (KSE) replaces the Slave Fmulatot.

Figures 1=l and 1-3 of this document still show the older ADS console, and the
Slave Emulator chassis, These 1llustrations will be updated in the next
tevision of this manual. Until then, please substitute thc new equipment
designations for the old names, The informational content of the
1llustrations is otherwise accurate,






PREFACE

The scope of this manual is limited to the basic
Slave Emulator. Microprocessor specific systems are
defined in the Supplements to this manual.

Chapter 1, Introduction, describes the Emulator
Control Unit hardware and specifications.

Chapter 2, Emulator Setup And Checkout, describes
preliminary checks, system interconnections, and
limited Emulator Control Unit system test.

Chapter 3, Maintenance, characterizes preventive
maintenance, troubleshooting information, and
disassembly instructions. Diagrams and supporting
data are included.

Chapter 4, Theory Of Operation, narrates the
function of Emulator boards such as the interface
processor, breakpoint, and memory boards.

Please note that a Documentation Reply Card is
inserted at the back of this manual., When you
complete and return it, you help us produce better
documentation for you.

A User Registration Card is included in the set
of manuals you receive with your Kontron system.
When you complete and return the User Registration
Card, you ensure that you will receive all updates
and new information for your configuration.

2302-5003-01
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WARNING

This equipment generates, uses and can radiate radio frequency energy. If not
installed and used in accordance with this instruction manual, it may cause
interference to radio communications. As temporarily permitted by regulation,
it has not been tested for compliance with the limits for Class A computing
devices pursuant to Subpart J of Part 15 of the FCC rules, which are designed
to provide reasonable protection against such interference. Operation of this
equipment in a residential area is likely to cause interference, in which case
the user at his own expense will be required to take whatever measures may be
required to correct the interference.
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CHAPTER 1

INTRODUCTION

1.1 PURPOSE AND SCOPE

The purpose of this manual is to acquaint the user with Kontron’s Slave
Emulator. Information is given on installation, checkout, maintenance and
theory of operation.

1.2 OVERVIEW
l.2.1 SLAVE VERSUS TRADITIONAL IN-CIRCUIT EMULATION

Traditional in-circuit emulation is less than ideal. Often, the processor
under test is restrained from running at full speed, or some of its memory is
tied up by the emulation hardware, or the system under test must be halted to
conduct debugging operations. These limitations are removed when using slave
in=-circuit emulation, because the multiprocessor, and the multiple bus
organization of the Kontron Slave Emulator allows full-speed emulation of
8-bit, or 16-bit microprocessors.

Note that from this point on, throughout this manual, the Kontron Slave
Emulator is referred to as the Emulator.

1.2.2 EMULATION OBJECTIVES
The two main objectives of the emulation process are:

a. Substitution of an Emulation Processor for the target system’s
processor,

b. Enabling the user to monitor and control the target system. This 1is
accomplished by surrounding the Emulation Processor with controlling
circuitry.

2302-5003-01 INTRODUCTION 1-1



1.2.3 TARGET SYSTEM SUBSTITUTION

The Emulator substitutes an identical processor for the target system’s
processor. To eliminate critical physical distances, this Emulation Processor
is housed in a small portable chassis called a Probe, which is connected by a
short cable to the target system’s vacant microprocessor socket. The signals
into and out of the Emulation Processor can be easily relayed from the Probe
to the target system’s socket.

1.2.4 THE EMULATION SYSTEM

The Development System consists of a 2300 Console with keyboard and CRT

display, a dual floppy disk system, supporting software/firmware, and other
parts.

One of the advantages of Slave Emulation is the ability to emulate up to four
microprocessors siaultaneously through one Development System. This provides
a low-cost and efficient means to emulate a multiprocessor environment. Up to
four processors can be monitored, and controlled from one station. All
Emulators can be synchronously halted ‘from a single event in any of the
Emulators or a combination of several events in one or more of the Emulators.
This is a powerful debugging tool in a multiprocessor environment. See
Figure 1-1, Multi-Emulation Station.

1.3 HARDWARE DESCRIPTION

1.3.1 EMULATOR CABINET

Within the Emulator cabinet is an eight slot card cage which must have a
minimum of three boards installed: an Interface Processor Board, a Breakpoint
Board, and a Personality Board. The maximum number of boards is eight, adding
an optional logic Analyzer, and up to four Simulation Memory boards. When
changing to a different Emulator configuration, access to the boards is
through the rear panel.

1.3.2 EMULATOR PROBE

The probe is a buffer device which brings the Emulation Processor as close as
possible to the target system to prevent loss of signal integrity. It is
microprocessor dependent, and serves as the interface between the
microprocessor being emulated, and the Emulator Personal’c.- Board. A more
detailed explanation of the Emulator Probe is given in Chapter 4, and also in
each of the microprocessor specific supplements to this manual.

1-2 INTRODUCTION 2302-5003-01
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1.3.3 EMULATOR BOARDS

The Emulator holds a maximum of eight boards. Each board, with its component
side up, can be inserted into any one of the eight interchangeable slots in
the card cage. The backplane of the card cage is a parallel bus system,
designed to bring information from the microprocessor and the target system to
the Emulator.

The basic boards and minimum configuration shipped with the Emulator include:

1. Interface Processor Board The IP responds to commands from the
console, controls the Emulation Processor and returns data to the
user,

2. Breakpoint  Board The Breakpoint board has  four hardware
breakpoints that can break on parameters such as address, data,
memory, I/0, execution/fetch, and a pass counter.

3. Personality Board (Microprocessor specific) This board 1is the
interface between the emulated processor’s bus and the Slave
Emulator. In addition, it directly controls all emulation processes.

Optional boards are Simulation Memory, Dynamic Memory when supported, and a
logic Analyzer. Simulation Memory is available from 16K to 512K bytes of
memory. The functions of these boards, and the entire system are described in
Chapter 4.

The addition of the Simulation Memory Board and the Logic Analyzer board to
the Slave Emulator configuration allows debugging without involving the target
system memory. Simulation Memory board can simulate ROM, without having to
program ROMs.

Logic Analyzer simplifies troubleshooting by providing detailed waveform
display and cycle data display. This allows the user to view bus data during
program executione.

1.3.4 EXTERNAL PROBE

The External Probe, see Figure 1-2, External Probe, is a multifunction
device that works together with the Breakpoint, and optionally with the Logic
Analyzer. It brings in four external signals, called external lines in the
breakpoint parameters, from any TTL compatible source. These externmal 1lines
can be used as breakpoint qualifiers or they can be traced by the Logic
Analyzer.

Breakpoint triggers for breakpoints 0, 1, and 2 are brought out to the
External Probe for use by another External Probe from another Emulator. These
triggers are used for synchronous breakpoints in a multi-processor environment
or as a complex trigger for an oscilloscope or other test instrument.
Chapter 4 Section 4.9 details the functions of the External Probe.

1-4 INTRODUCTION 2302-5003-01



Figure 1-2. External Probe
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1.3.5 INTERNAL EMULATOR CABLING

The internal Emulator cabling system 1is shown in Figure 1-3, Internal
Cabling. This is a view of the Emulator with the top enclosure cover and
rear panel removed. Five boards are shown with six sets of separate cables.
These boards are, from top to bottom, the Breakpoint, the Logic Analyzer, the
Personality, the Interface Processor, and the Memory.

Tablell-l identifies the internal cables used in the Emulator.

Table 1-1. Intermal Cables

Cable Part Number Usage
A 2302-0225 Breaxpoint board to Logic

Analyzer board to LOGIC
ANALYZER connector,

B 2302-0221 Personality board to
PROBE I connector.

C 2302-0222 Personality board to
PROBE II connector.

D 2302-0226 Interface Processor to
PORT B connector.

E 2302-0026 Interface Processor board
to PORT A connectore.

F ’ 2302-0234 Logic Analyzer board to
Personality board.

1-6 INTRODUCTION 2302-5003-01



Figure 1-3. Internal Cabling
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1.4 SPECIFICATIONS

l.4.1 EMULATOR CABINET
Qutline Dimensions:
Width: 16.1" (40.64cm)
Height: 7.6" (19.3cm)
Length: 18.2" (46.23cm)
Weight: 40 1bs (18kg)
Cooling: Forced air
Operating Ambient Temperature: O to 40 C (32 to 104 F)
Storage Ambient Temperature: =50 to 125 C (=58 to 257 F)
Power system:

Input AC line voltage:

b. 200-260 VAC

Input line voltages are a factory option.

Input current:

Less than 5 amps @ 115vac
Less than 2.5 amps @ 230vac

Single phase 3-wire system
47 - 440 Hz

Note that the Emulator’s power system is preset, at the factory, to your
specifications.

Power Dissipation: 350 watts maximum
Circuit Protection:

110 vac, 5 amps circuit breaker (switch on front panel)
220 vac, 2.5 amps circuit breaker (switch on front panel)
3 amps fuse (internal power supply)

1-8 INTRODUCTION . 2302-5003-01



l.4.2 EXTERNAL PROBE

Outline Dimensions:

Width: 2.75" (60985Cm)
Height: 625" (1.5875cm)
Length: 2.75" (6.985cm)

Weight: 7 ounces (198gm)
Cooling: Convection air

Operating Ambient Temperature:

Storage Ambient Temperature:

0 to 40 C (32 to 104 F)

-50 to 125 C (-58 to 257 F)

All inputs and outputs are TTL compatible.

2302-5003-01
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1.4.3 PERFORMANCE PROLOGUE

The most important link in any Emulator is the interface between the user’s
target system and the Emulator. Systems are designed with the assumption that
a microprocessor will reside on board. The introduction of a length of cable
and buffer circuitry (the Emulator) between the microprocessor and its socket
may create problems. Wirewrapped prototypes, if not carefully laid out, can
be very noisy. The introduction of a length of cable may make the system
inoperable. It is important therefore that prototypes have a good power and
ground grid. Wirewrapped boards should have the power and ground system
soldered down. Systems operating within the guidelines of standard TTL logic
will not encounter problems with an Emulator. Problems may be encountered
with noisy systems.

CAUTION: The Emulator may not be wused with a target which is
floating with respect to ground. This float is measured as
the voltage between target ground and chassis ground. The
Emulator 1is referenced to standard earth ground. The
Emulator power supply returns are attached to the chassis
ground. Thus the microprocessor plug ground pins are
referenced to chassis ground.

IF THE TARGET IS FLOATING WITH RESPECT TO EARTH GROUND,
SEVERE DAMAGE TO THE EMULATOR PROBE AND TARGET MAY OCCUR.

Signal Pulse Delays

Each signal at the Emulator Plug is buffered in both directions in the
Emulator Probe. A signal such as A0 in Figure 1-4, Buffer Circuit,
delivered to the Emulator Plug through the buffer tends to arrive typically 9
to 10 nanoseconds later. There is a similar delay in the signal shown as DO
in Figure 1-4,, going to the microprocessor from the target system. For
request/response operations such® as memory reads, these delays are
additive,and can result in a total delay of 9 to 18 nanoseconds. Detailed
timing specifications are given in the supplement for each subsystem.

Microprocessor signal specifications are commonly referenced to clock edges.
The clock is also delayed in passing from the target system to the
microprocessor. To compensate for these delays, some Emulators, such as the
8086, have an adjustable clock delay generator designed into the Emulator
Probe.

1-10 INTRODUCTION 2302-5003-01
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CHAPTER 2

INSTALLATION AND CHECKOUT

2.1 INSTALLATION DOCUMENTS

Included in the shipment are four important installation documents:

Cover Letter
Installation/Quality Report
Configuration Checklist
User Registration Card

The top half of the Installation/Quality Report is filled in by Kontron before
the equipment leaves the factory. The bottom half of this form is filled in
by Kontron installation personnel at the customer site. Additional comments
can be made by the customer in the spaces provided at the bottom of the form,
and then signed off.

The configuration checklist describes all the equipment included with each
shipment from Kontron. This form is signed and dated by factory
representatives.s A complete list of the items sent in the shipment is
provided for the customer to check off when the system is received. 1In case
of any discrepancy, contact your Kontron representative.

2.2 INSPECTING AND SETTING UP THE SYSTEM

After removing the Emulator from the carton, save all packaging materials in
case the system requires shipping at a later date. An inventory of the .
shipment received should be taken immediately after all parts are removed from
their shipping containers. 1Inspect the equipment for evidence of shipping
damage to housing, panel controls, or cables.

Notify your Kontron representative of any problems found during the receiving
inspection.
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2.3 CONFIGURATION REQUIREMENTS

If the Emulator being installed will be used in an already operational
Development System that was previously set up for the Emulator, or has been
just received from the factory, the configuration of the boards need not
checked. If the Development System has not been used for emulation
previously, it should be setup according to the following requirements.

2.3.1 ADVANCED DEVELOPMENT SYSTEM CONFIGURATION

For Emulator operation, the system configuration must include, as a minimum,
64K bytes of memory, a Z80 board, and an MPIO board.

2.3.2 EMULATOR CONFIGURATION REQUIREMENTS

The Emulator boards muct be configured for the microprocessor being emulated.
These are set correctly at the factory for the Emulator Subsystem. However,
they will require reconfiguration if the the Personality board in the Emulator
is changed. Correct configuration for each microprocessor is given in the
specific Hardware Supplement for that processor.

2.4 SYSTEM INTERCONNECTIONS

To install a single Emulator refer to Figure 2-1, System Interconnections,
and connect the subsystems together as follows:

a. RS-232 Cable. Connect one end to Port A (input) on the Emulator; the
other to Serial 1 on the Developement System. Screw the connectors in
place.

b. Probe. Connect the two 50-pin connectors (the 72-inch cables) from
the Emulator Probe box to Probe 1 and Probe 2 keyed connectors, on the
Emulator.

Note that if more than one Emulator is being installed on the same console,
the Emulators must be daisy chained as follows:

Output Port A of Emulator 1 to input Port B of Emulator 2, and Output Port
A of Emulator 2 into Port B of Emulator 3 etc., up to four Emulators.

2-2 INSTALLATION AND CHECKOUT 2302-5003-01
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2.5 GETTING STARTED

The following checkout procedures which are performed without a target system,
will acquaint you with some of the most commonly used Emulator commands. If
any problems are found while executing this procedure, contact your local
representative for further assistance.

2.5.1 CONVENTIONS
The following conventions are used to key-in characters, statements, and

commands.

LETTERS Commands and statements are composed of letters and
special characters. They are typed in uppercase and
must be exactly as shown.

SPECIAL KEYS If a special character key is required, it will be
enclosed in angle brackets.

Example 1: <RETURN> means press the RETURN key on the
keyboard.

Example 2: JM<RETURN> means key-in the letters JM,
then press the RETURN key.

Note that the angle brackets should not be typed. They only show syntax and
are not part of any command or required input.

BLANKS No BLANKS are allowed within system commands.

2.5.2 POWERING UP THE SYSTEM
a. Set the ON/OFF power switch at the rear of the system to ON.
b. Set the ON/OFF power switch on the front panel of the disk drive to ON.

c. Set the ON/OFF power switch on the front panel of the Emulator to ON.
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If the following procedure, or any portion of it fails, refer to Chapter 3,
MAINTENANCE.

2.5.3 INITIALIZING THE EMULATOR

The Emulator must be set to a starting position in every case, regardless of
processor type. The response to the initializing procedure is the same,
except the type of microprocessor displayed changes according to the Emulator
personality used. An example of the procedure, using the 8086, follows:

a. Press the <RESET> button on the Emulator.

b. Insert the 8086 Emulator System File diskette (Part No. 2300-6081-02)
into Drive O.

c. Enter JS<KRETURN>.

This command invokes the Emulator Debugger and displays the Executive on the
console screen. See Figure 2-2, Emulator Executive Display. The status of
each Emulator attached to the system is displayed. In this example, omne
Emulator is attached. It is identified as 8086vl and is shown in a halted
state. Two Emulator executive commands are displayed. Notice that the first
two letters are highlighted. These two letters are the only ones which must
be keyed in when entering commands.
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Emulator Executive Vn.n

Emulator 1 8086vl Halted

Emulator Executive Commands are:
SWitch display to Emulator (0-8)
SEt dialog modes
Specify screen write options

; (display comment)

Vn.n = The software/hardware version number now being tested,
and changes with new software releases.

Figure 2-2. Emulator Executive Display
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2.5.4 SWITCH EMULATOR

The switch command SW activates the specifieﬂ Emulator and causes it to
display its status on the console.

n = 0 reactivates the Emulator Executive.
n from 1 through 8 activates the specified Emulator to be interrogated.

l. Enter SWl. Figure 2-3 shows the correct display for this command.

Emulator Executive Vn.n

Switch display to Emulator (0-8) 1 [Confirm]

Emulator 1 8086vl Halted

Emulator Executive commands are:
SWitch display to Emulator (0-8)
SEt dialog modes
Specify screen write options

; (display comment)

Vn.n = The software/hardware version number now being tested,
and changes with new software releases.

Figure 2-3. Enter SW1
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2. Enter <RETURN>. Figure 2-4, Switch Command Display shows the
correct display for this command. In this display, the screen is
divided into two major parts, REGISTERS AND STACK and MEMORY. In the
REGISTERS AND STACK, all registers and a portion of the stack are
displayeds The MEMORY portion is subdivided into CURRENT ADDRESS
WINDOW, FIRST WINDOW, SECOND WINDOW, and an ASCII display of
hexadecimal equivalents.

REGISTER ) TOP EIGHT
AND STACK WORDS IN
USER STACK
( CURRENT
‘ ADDRESS
FIRST WINDOW
WINDOW
MEMORY 4‘
ASCIl
SECOND EQUIVALENTS
wiNDOW | OF HEX TO
; LEFT

AX - Aooumulator SP - Stack Pointer C8 - Code Segment

BX - Base BP - Base Pointer DS - Data Segment
CX - Ceount 9 ~ Seource Index S$8 - Stack Segment
DX - Data Di - Destination ES - Extra Segment

mcex IP - INSTRUCTION POINTER

Figure 2-4. Switch Command Display
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2.5.5 DEBUGGER COMMANDS

When in the debugger mode, commands can be entered in any order. The commands
available can be referenced at any time by entering a <?> or <HELP>. Either
command will display the help file, which lists all commands. In addition,
once a command has been entered, a <?> can be entered again for additional
information on the current command.

1.

3.

‘To begin, enter the Edit Simulation Memory Command EDSKRETURN>. The

display will switch to the Simulation Memory configuration map. If
Simulation Memory was not ordered or included in your wunit, this
procedure cannot be executed. The Simulation Memory Map indicates the
nunber of blocks available, the size of the blocks (8K, 32K or 64K),
and where they are presently mapped. When the system is initialized,
all blocks are mapped contiguously from 0. Make sure that there is at
least 16K bytes of Simulation Memory available. The Debugger prompts
the block which you choose to relocate. The next prompt would be what
starting address you want to relocate it to. In this manner,
Simulation Memory blocks can be relocated to any 8K or 32K byte block
boundary within the microprocessor’s address space. In this checkout
procedure the aim is to check on the current status of Simulation
Memory without altering it. ©Press the <CAN> key to return to the
Debugger display.

The counterpart to Edit Simulation Memory command is Edit Target
Memory. Enter EDT{RETURN>. The display will switch to the Target
Memory map. This map indicates which memory spaces are internal and
which are external. Blocks of memory as small as 256 bytes can be
mapped internally or externally by answering the series of prompts.
When the system is initialized, it maps all of the memory spaces
internally. If there is no target system connected, all of the memory
space would be mapped intermally. Press the <CAN> key to return to
the Debugger. '

All of the registers in the top window can be altered by the SEt
command. Enter SEt, then the desired register mnemonic, and then
the value. In this case set the program counter or instruction
pointer to 500 (The program counter/instruction pointer is hereafter
referred to as program counter). Notice that as you select the
register, it is highlighted in reverse video, and then is altered to
the value enterede At the same time, the upper memory window is
updated to display the values at the program counter. When the
Emulator is initialized, the top window will track the program counter.
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4. One of the memory window options is to display from an offset or
absolute address. The Emulator, when emulating segmented
microprocessors such as the 8086, will initialize with the offset mode
enabled in the upper window. To enable the offset mode the command
Window is wused and the option OFfset 1is selected. The offset
value for the memory window is set using the OFfset command.

5. Programs can be stored into memory in two ways. They can be loaded
down from disk or they can be entered via the keyboard. In this
example we will store a short loop by using the STore command. The
STore command will store data in bytes starting at the current
memory location. The current memory location is indicated in one of
the memory windows by the reverse video display across the entire
memory window. In this case data will be stored at 500. In the next
step, proceed to the section for the microprocessor you are emulating.

6. A. 8086
The 8086 has a code segment register. The upper memory window
will track the instruction pointer and code segment registers.
Set the code segment register CS to 0000. To do this use the
SEt register command. Enter SEt register CS=0000.

Store the following bytes.
Enter SToreFF CO A3 50 05 EB F9 <RETURN><RETURN>

Notice that the upper memory window now has the above opcode
displayed in both machine code and disassembled shown below.

500 FFCO INC AX
502 A35005 MoV W PTR X'05507,AX
505 EBF9 JMP SHORT X'0500°

Proceed to step 7.

B. 68000
The 68000 has a Trace bit that will generate an interrupt after
every instruction if it is set in the Status Register SR. Set
the Status Register to 2700 by entering SEt register 2700
<RETURN> to disable the Trace bit.

Store the followins “vtes.
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Enter STore52 80 31 CO 05 50 60 F8 <RETURN> <RETURN>

Notice that the upper memory window now has the above opcode
displayed in both machine code and disassembled as shown below.

500 5280 ADDQ.L  #1,D0
502 31C00550 MOVE.W  DO0,000500
506 60F8 BRA 000500
Proceed to step 7.
C. 128000
Set the Fcw by entering SEt register Fcw 4000.
Store the following bytes.

Enter SToreA9 10 6F 01 (5 50 5E 08 05 00 <RETURN> <RETURN>

Notice that the upper memory window now displays the machine code
and its disassembly as shown below.

500 A910 INC RI1,#1
502 6F010550 LD 0550,R1
506 5E080500 JP UN, 0500

Proceed to step 7.
D. 6502
Store the following bytes.
Enter SToreEE 05 50 AD 05 50 4C 00 05 <RETURN> <RETURN>

Notice that the upper memory window displays the machine code and
its disassembly as shown below.

500 EE0550 INC 5005
503 AD0550 LDA 5005
506 4C0005 JMP 0500

Proceed to step 7.
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E. 6809
Store the following bytes.
Enter STore4C B7 05 50 20 FA <RETURN> <RETURN>

Notice that the upper memory window now displays the machine code
and its disassembly as shown below.

500 4C INC A
501 B70550 STA 0550
504  20FA BRA 0500
Proceed to step 7.

F. 280
Store the following bytes.

Enter STore3C 3A 50 05 C3 00 05 <RETURN> <RETURN>

Notice that the upper memory window displays the machine code
and its disassembly as shown below.

Show disassembled Z80 code.

Proceed to step 7.
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7. When executing a program, several memory windows can be tracked. The
number of memory windows (1 to 4), and their orientation is selected
by the SCreen command. This command selects 8 memory window
display formats. To find out what the optional formats are, enter
SC?. The display will switch to the