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DOCUMENTATION OVERVIEW

The 8001 /8002A uProcessor Lab support documentation consists of two groups of manuals:
user's manuals and service manuals. User’s manuals explainthe procedures required to operate
the 8001/8002A uProcessor Lab system and its peripheral devices. They are identified by their
gray covers and are a standard part of the system package.

Service manuals provide the information necessary to perform system testing and repair. Service
manuals are identified by their blue covers and may be purchased as optional accessories.

The following manuals contain service information for the 8001 /8002A uProcessor Lab System:
8001/8002A uProcessor Lab Service Manual
8001/8002A uProcessor Lab Installation Guide
8002A uProcessor Lab Flexible Disc Unit Service Manual (optional)
118-0195-00 Flexible Disc Drive Service Manual (optional)
Service manuals for
8001/8002A uProcessor Lab Emulator Processors (optional)
Service manuals for
8001/8002A uProcessor Lab optional modules (optional)
Service manuals for
8001/8002A uProcessor Lab peripheral equipment (optional)
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PREFACE

ABOUT THIS MANUAL

This manual is organized into 12 text sections and a schematic diagram section.

Text sections 1 and 2 provide a general overview of the 8001 and 8002A uProcessor Labs.
Section 1 also contains a brief synopsis of each standard module’s operation within a uProcessor
Lab. The end of Section 1 contains an example of module interaction during a software TRACE

operation.

Sections 3through 10 describe each module’s theory of operation down to the logical block level.
Each section is keyed to schematics located at the rear of this manual.

Some system troubleshooting informationisincludedin Section 11; however, this manual is not
presented as a comprehensive troubleshooting guide.

MANUAL CONVENTIONS
TEXT AND SCHEMATICS

We have provided guideposts to help you find the schematic diagrams relating text in this
manual. Headings in the text tell you on which schematic the circuitry under discussion can be
found. The following example shows a text heading.

PROGRAM COUNTER REGISTERS -
A\ /
| \C Area of Schematic
Schematic #

2711-03

Text Subject

The example tells you three things:
e The text will discuss program counter registers.
e The program counter registers can be found on schematic 5B.
e The grid shows the general area of schematic 5B that contains the program counter
registers.

Using the example, you can tell that the program counter registers are located on the upper left
corner of schematic 5B.
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SLASHED ZEROS (9)

Throughout this manual, zeros are slashed (@) only where needed for clarity.

HEXADECIMAL NOTATION

All addresses are represented in this manual by hexadecimal numbers (i.e., 40AC). Subscripts
denoting base sixteen are not used.

UNITS COVERED IN THIS MANUAL

This manual presents service information on the mainframe and standard system modules of the
8001 and 8002A uProcessor Lab systems. The standard modules are:

—System Processor module

—System and Program Memory modules

—System Communications module

—Assembler Processor module

—Debug and Front Panel /0 module

Optional system modules and peripherals have separate service manuals.

CHANGE INFORMATION

Change information is located in the back of this manual in the CHANGE section. Change
information should be entered into the body of the manual when the manual is received.

REVISION HISTORY

Revision history information is included in the text and diagrams as they are revised and
reprinted. Original manual pages have an "@" symbol at the bottom of the page. Existing pages
of amanual whenrevised, have arevision code and date in place of the “@" symbol. New pages
added to a section, whether they contain old, new, or revised information, will have the “@"
symbol.

INSTALLATION INFORMATION

A minimum of installation material is given in this manual. Refer to the 8001 /8002A uProcessor
Lab Installation Guide for information regardingthe installation of 8001 /8002A uProcessor Lab
modules and options. Module configuration information is also given in the Installation Guide.
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OPTIONS

Optionsforthe 8001 /8002A uProcessor Lab system are documented by individual manuals. See
the Tektronix Products catalog or contact your local Tektronix Field Office or representative for a
list of options.

RELATED MATERIAL AND TEST EQUIPMENT

To make the most effective use of material inthis manual, the service facility should have access
to the following documents and equipment:
1.Service manuals and user’s manuals for all options and peripherals installed in the
system.
2_A Signetics 2650 technical manual, for interpreting System Processor machine code.
3.An 8001/8002A Maintenance Front Panel.
4. Logic analyzer—TEKTRONIX 7000 series mainframe with a 7DO1F plug-in.
5.Technical data sheets for devices used in this instrument. These data sheets are best
obtained from the local distributor or direct from the device manufacturer. The
Replaceable Electrical Parts list at the rear of this manual provides a reference to the
manufacturer, and the manufacturer’s part number for each device used in this
instrument.

iv
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XVi

OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary is for both operating and servicing
personnel. Specific warnings and cautions will be found throughout the manual where they
apply, but may not appear in this summary.

TERMS

In This Manual

CAUTION statements identify conditions or practices that could result in damage to the
equipment or other property.

WARNING statements identify conditions or practices that could result in personal injury or
loss of life.

As Marked on Equipment

CAUTION indicates a personal injury hazard not immediately accessible as one reads the
marking, or a hazard to property including the equipment itself.

DANGER indicates apersonal injury hazardimmediately accessible as one reads the marking.
SYMBOLS

In This Manual
A This symbol indicates where applicable cautionary or other informationis to be
found.
As Marked on Equipment
4 DANGER — High voltage.
@ Protective ground (earth) terminal.

A ATTENTION — refer to manual.

Grounding the Product

This product is grounded through the grounding conductor of the power cord. To avoid
electrical shock, plugthe power cordinto a properly wired receptacle before connectingtothe
power input or output terminals. A protective ground connection by way of the grounding
conductor in the power cord is essential for safe operation.
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Use the Proper Power Cord

Use only the power cord and connector specified for your product.
Use only a power cord that is in good condition.

Refer cord and connector changes to qualified service personnel.

Use the Proper Fuse

To avoid fire hazard, use only the fuse specified in the parts list for your product, and which is
identical in type, voltage rating, and current rating.

Refer fuse replacement to qualified service personnel.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this product in an atmosphere of explosive gases unless it
has been specifically certified for such operation.

Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product covers or panels. Do not operate the
product without the covers and panels properly installed.
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SERVICING SAFETY SUMMARY
FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer also to the preceding Operators Safety Summary.

Do Not Service Alone

Do not perform internal service or adjustment of this product unless another person capable of
rendering first aid and resuscitation is present.

Use Care When Servicing With Power On
Dangerous voltages exist at several points in this product. To avoid personal injury, do not
touch exposed connections and components while power is on.

Disconnect power before removing protective panels, soldering, or replacing components.

Power Source

This productis intended to operate from a power source that will not apply more than 250 volts
rms between the supply conductors or between either supply conductor and ground. A
protective ground connection by way of the grounding conductor in the power cord is
essential for safe operation.
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Section 1

SYSTEM OVERVIEW

This section gives a brief introduction to the 8001 and 8002A uProcessor Lab systems.

The 8002A uProcessor Lab system is a complete, stand-alone, hardware and software
development system for microprocessor-based design projects.

The 8001 uProcessor Lab system is intended primarily for software testing, hardware
development, and integration of both software and hardware. Software to be tested on the
8001 uProcessor Lab is usually developed on a host computer.

Both the 8001 and 8002A uProcessor labs use a common mainframe. However, the
8002A uProcessor Lab also includes a Flexible Disc Unit for mass storage. A typical 8002A
MProcessor Lab system is shown in Fig. 1-1.

In this section, the 8002A uProcessor Lab is discussed first, followed by the 8001 uProcessor
Lab. The functions and operations of each module in the two systems are discussed in the last
portion of this section.

8002A uPROCESSOR LAB SYSTEM

The 8002A uProcessor Lab system provides tools to edit, assemble, and link together software
programs for a wide variety of microprocessor and microcomputer devices. Additionally, through
the use of selected emulator processor modules, the 8002A uProcessor Lab system can execute
the developed software.

With an optional prototype control probe added, the software routine may be run on a prototype
system developed by the user.

8002A uProcessor Lab System Hardware

A complete 8002A uProcessor Lab system consists of an 8002A uProcessor Lab mainframe with
its standard complement of plug-in modules, a Flexible Disc Unit, and some form of operator
console or a host computer.

The internal architecture of the 8002A uProcessor Lab centers around a system microprocessor.

This System Processor uses other microprocessors to perform software and hardware support
functions. The system contains 16K bytes of RAM system memory, and

32K bytes (expandable to 64K bytes) of RAM program memory. The system also supports two
flexible disc drives, with approximately 315K bytes of storage on each disc.

11
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1-2

A block diagram of a typical 8002A uProcessor Lab system is shown in Fig. 1-2. The system
contains three microprocessors: the System Processor, the Assembler Processor, and the
selected emulator processor. Each microprocessor resides on a separate plug-in module in the
system mainframe. Other system modules are the System Communications module, the Debug
and Front Panel I/0 module, System and Program Memory modules, and the optional modules
for the Real-Time Prototype Analyzer and PROM programmers. Modules are connected to each
other through a common system bus. Figure 1-2 will be referred to as each individual module is
discussed. The Flexible Disc Unit is housed in a separate cabinet. It communicates with other
system components through the System Processor.

8002A uProcessor Lab System Software

The operating system for the 8002A uProcessor Lab is the TEKTRONIX Disc Operating System
(TEKDOS). TEKDOS resides in flexible disc storage. A ROM-based bootstrap routine loads the
operating system into the 8002A uProcessor Lab System Memory immediately after power-on,
or upon command from the front panel SYSTEM RESTART switch.

TEKDOS provides file management and utility programs for the 8002A uProcessor Lab. All the
major software features—assemblers, linkers, text editors, etc.—operate under the supervision
of TEKDOS. Refer tothe 8002A uProcessor Lab System User’s Manual for acomplete discussion
of TEKDOS software.

8001 uPROCESSOR LAB SYSTEM

8001 uProcessor Lab System Hardware

The 8001 uProcessor Lab system offers all the hardware development capabilities of the
8002A uProcessor Lab system, but not all the software features. The 8001 uProcessor Lab uses.
the same mainframe as the 8002A, and all the standard modules, with three exceptions. The
8001 uProcessor Lab contains only 16K bytes of Program memory rather than 32K as in the
8002A; the Assembler Processor module is not used, and System Memory is a ROM-based
memory containing the TEKOPS operating system, rather than disc-based as in the 8002A. The
8001 uProcessor Lab does not use the Flexible Disc Unit.

8001 uProcessor Lab Operating System

The operating system for the 8001 uProcessor Lab is the TEKTRONIX Operating System
(TEKOPS). TEKOPS resides in ROM on the 8001 uProcessor Lab System Memory module. For a
discussion of TEKOPS software features, refer to the 8001 uProcessor Lab System User’s
Manual.
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MODULE OVERVIEW

Complex systems like the 8001 and 8002A uProcessor Labs depend on communication between

the various modules that make up the system. The following pages explainthe interrelationships
between the various modules withinthe uProcessor Lab systems. Each module is discussed first

interms of its functions, theninterms of its relationship with other modules. Refer to Fig. 1-2, the
System Block Diagram, while reading this section.

Inthe following text, those functions or operations associated with the 8002A uProcessor Lab
only are noted with an asterisk (*).

System Bus

As canbe seenin Fig. 1-2, the uProcessor Labis a bus-oriented computer. All the modules within
the mainframe communicate to one another via the system bus. The bus contains

16 data lines, 16 address lines, and two groups of control lines. Some of the control lines are
dedicated to the System Processor side of the mainframe, others are dedicated to the emulator
processor side, and certain control lines are common to both sides. A schematic of the
uProcessor Lab bus is located at the rear of this manual. The schematic provides a clear view of
this separation within the bus. Details of each bus line are given in Appendix A.

System Processor Module

The uProcessor Lab system may be viewed as two systems, one the master (or controller) and the
other the slave. In this arrangement, the System Processor serves as the master. The System
Processor has overall control of the uProcessor Lab system. The System Processor provides
supervisory functions in both hardware and software. Figure 1-2 shows the relationship of the
System Processor to the rest of the uProcessor Lab. A simplified block diagram of the System
Processor is shown in Fig. 1-3. The block diagram shows the major blocks of logic that will be
discussed here.

Software Functions
Those software functions controlled by the System Processor include:

System Input/Output—directs all I/0 activity for the system peripherals, such as the
flexible disc, the console, and the line printer.

File Management*—organizes, stores, and retrieves user programs and system programs
from the disc drives.

Text Editing*—executes the text editor program and maintains text files on the Flexible
Disc Unit.

Debugging—executes the debug program and controls the emulator processor through
separate debug hardware.

System Utilities—performs all system utility functions, such as processing messages
between system peripheral devices.

PROM Programming—monitors and controls all PROM activity.
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Fig. 1-3. 8001/8002A uProcessor Lab System Processor Block Diagram.

The System Processor provides overall control of the uProcessor Lab. This block diagram shows the 2659
microprocessor used in the System Processor module, and the other logic that controls the disc drive unit,
RS-232-C interfaces, and the remainder of the uProcessor Lab.
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In order to perform its software functions, the System Processor must
be able to communicate with other modules and with peripheral
equipment. The System Processor maintains control of the other
modules in the system by issuing control or command bytes to each
module, as required. (This is accomplished in part by the
Driver/Receiver block (Fig. 1-3), which interfaces the System
Processor internal control lines with the system control lines.) The
control byte contains the information needed by a module to perform a
required function. For example, during debugging routines, the
System Processor sends a control byte to inform the Debug module
that a debug operation is being performed. The command byte issued
tothe Debug module contains information such as the beginning and
ending software trace addresses (which the Debug module will store
in registers) and the breakpoint addresses.

The System Processor module also has two RS-232-C compatible |/0
ports (refer to Fig. 1-3). These |/0 ports are used in communicating
withthe system terminal and printer. Usingthe system terminal as an
example, when the user entered a character on the terminal, the
character is converted to the proper code by the terminal. The
character isthen sent to the System Processor by way of the /0 port,
andis acted upon by the System Processor. If the System Processor is
performing another task, it can be interrupted by the terminal (or by
any other module in the system, for that matter), and the interrupt-
requesting device will be serviced.

Another function of the System Processor is to control the operation
of, and transfer information to and from the Flexible Disc Unit* (Disc
Interface block, Fig. 1-3). When the system is first started, the System
Processor goes to the address of the boot PROM and begins execution
of the bootstrap routine. The routine farces the System Processor to
load TEKDOS from the Disc Unit into the System Memory module.
Once TEKDOS is loaded into memory, the System Processor then
goes to TEKDOS and begins an initialization routine located there.
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FILE Along with controlling the Flexible Disc Unit, the System Processor

MANAGEMENT must also be able to transfer data files from Program Memory onto
disc. The user may have developed a program and stored it within
Program Memory. The System Processor can access Program
Memory, read the information stored there, and transfer it to disc

storage.
INTERRUPT The System Processor module is an interrupt-driven processor. That
LOGIC is, for any other module or exteenal equipment to obtain the services

of the System Processor, it must generate an interrupt request. The
requests are received by the Interrupt Logic block shown in Fig. 1-3.
The System Processor can handle 16 different requests. These
include suchinterrupts as a printer requesting another line of data, or
issuing data to a PROM Programmer module during its activities.
When a device or module issues an interrupt request, the System
Processor responds with an interrupt acknowledge. This
acknowledge tells the requesting device that it has the System
Processor’s complete attention. The System Processor module then
waits to perform whatever action is required of it.

These examples do not list all the functions of the System Processor
module, but do indicate some of the responsibilities of the module.

Emulator Processor Module

The emulator processor is discussed here to show its relative importance in system operations.
Recall that the System Processor module was described as the master processor in a multi-
processor system. In such a system, the next most important processor is the emulator
processor. Figure 1-4 shows a simple block diagram of an emulator processor. Figure 1-2 shows
the relationship of the emulator processor to the rest of the system.

IMPORTANCE The emulator processor is one of the main reasons for using a

OF MProcessor Lab in microprocessor-based development. The emulator
EMULATOR processor is required to run software designed for a specific
PROCESSOR microprocessor or microcomputer device. Without an emulator

processor, both software and hardware development would be
impractical, if not impossible.

1-7
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The emulator processor bears a considerable resemblance to the
System Processor module. Both are microprocessor-based. Both are
connected to the motherboard bus of the uProcessor Lab. Both have
dedicated memories. (The exception here is that the System
Processor can access both System Memory and Program Memory,
while the emulator processor can access only Program Memory.) The
emulator processor can(in alimited fashion) access prototype circuits
with the use of its prototype control probe. Figure 1-4 illustrates the
use of the prototype control probe in transferring information to a
prototype instrument.

The emulator prccessor serves two purposes in the uProcessor Lab.
First, it has the ability to run a program written for a specific
microprocessor or microcomputer. With the help of the Debug and
Front Panel I/0 module and the System Processor module, such a
program can be checked for run-time errors and program logic errors.
Second, by adding a prototype control probe to the emulator
processor, a prototype circuit under development can be debugged
and stepped through the final design stages to completion.

The emulator processor emulates the operation of a target
microprocessor. The target microprocessor is the device that will be
usedinthefinal version of a prototype microprocessor-based system.
The emulator processor module reacts to software in the same way as
the target microprocessor, but at the same time allows software
debugging.

The prototype control probe carries this debugging ability one step
further. The prototype control probe allows the emulator processor to
be connected directly to the socket inthe prototype system where the
target microprocessor or microcomputer would normally be. Figure
1-4 shows this connection. In this way the user can exercise the
prototype 170, clock, and memory, and still maintain control of all
operations within the 8001 or 8002A uProcessor Lab.
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Fig. 1-4. 8001/8002A uProcessor Lab Emulator Processor Block Diagram.

The emulator processor is a tool used to develop both hardware and software. This block diagram illustrates
the general blocks of logic used in most emulator processors. The emulating microprocessor is usually a
refined version of the target microprocessor to be used in a prototype system. The emulator processor uses
a PROM to hold a dump and restore routine. This PROM, used in conjunction with the forced jump logic,
allows the Debug and Front Panel /0 module to direct the emulator processor during debugging
operations.
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Emulation Modes

EMULATION
MODE 0

EMULATION
MODE 1

MODE 1
EXAMPLE

The emulator processor may operate in one of three modes. In
emulation mode O, all activity takes place within the uProcessor Lab.
Mode O allows the emulator processor to execute a program stored in
Program Memory. All software debugging features are available in
this mode.

In emulation mode 1, the emulator processor is used in conjunction
with the optional prototype control probe. The prototype control probe
is connected to a prototype system. In this mode the program is still
executed from Program Memory; however, the 1/0 and clock
functions are furnished by the prototype system. Another capability of
emulation mode 1 is that memory locations can be "mapped”
between the Program Memory module or the prototype memory.
Memory mapping allows different parts of a program to be stored in
either Program Memory or in the prototype’s memory, and executed
as though the program resided in a single memory. '

For example, suppose that a program has been developed and stored
in PROM devices onthe prototype system. After a trial run through the
program, the user discovers that an error exists in a subroutine. That
subroutine can then be written from the prototype system into
Program Memory. By placing the subroutine into Program Memory,
the user can alter the routine or set breakpoints; any of the debugging
capabilities of the uProcessor Lab may be used on the subroutine.

The beginning and ending addresses of the subroutine are placed into
a memory mapping RAM located on the System Communications
module. Then, when the user begins program execution out of
prototype memory, execution will proceed until the beginning address
of the mapped subroutine is reached. At that time, execution switches
to the debugged subroutine in Program Memory. At the end of the
subroutine, execution switches back to prototype memory.
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The third emulation mode is mode 2. Emulation mode 2 allows all
operations to be run by the prototype system, while allowing the user
to monitor and debug those operations with the uProcessor Lab. The
program is executed entirely out of prototype memory. Prototype 1/0
and clock are also exercised.

During all the operations of the emulator processor (only a few of
which are listed here), control is maintained by the System Processor
module. Recall that the System Processor module issues command or
control bytes to all other modules inthe uProcessor Lab. The emulator
processor receives acontrol byte each time itisreset or the emulation
mode is changed. The control byte contains the emulation mode in
binary form, as specified by the System Processor. The control byte
from the System Processor also contains other information necessary
tothe operation of the emulator processor. The Control Byte register is
shown in Fig. 1-4.

During some debugging operations (like a TRACE operation) the
emulator processor is required to single-step through the software
program. The TRACE operation works (in general terms) in the
following manner:

The system user enters a command that instructs the System
Processor to initiate a TRACE operation. TRACE allows certain
information to be stored or displayed during each step of a routine.
The System Processor issues a new control byte to inform the
emulator processor that a debugging routine is to begin. One bit of the
control byte is set to indicate a debugging operation. The System
Processor loads the starting and stopping addresses of the TRACE
operation into registers on the Debug and Front Panel |/0 module
(discussed later in this section). The emulator processor then begins
execution.

The emulator processor fetches the first instruction from Program
Memory. When execution of that instruction is complete, the
emulator processor is halted by the Debug module. The Debug module
then forces the emulator processor to execute a forced jump to a
register dumproutine. This routine, located in PROM on the emulator
processor, causes the emulator processor to dump its register
contents to a location in Program Memory.

1-11
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STORE
INFORMATION

RESTORE
EMULATOR
REGISTERS

After the emulator processor dumps its register contents into
Program Memory it is paused again. At that time, the Debug module
activates the System Processor module. The System Processor
module obtains the emulator register values from Program Memory
and transfers them to System Memory. The System Processor then
outputstheinformationtothe device requested, either to disc storage,
a line printer, or a terminal. The System Processor replaces the
register information in Program Memory. The Debug module then
pauses the System Processor and starts the emulator processor.

The emulator processor is force-jumpedto its on-board PROM, which

contains arestore routine. The emulator processor reads the location

in Program Memory and restores its registers to their original value.
The emulator processor then continues to the next instruction. This
process is repeated for each instruction within the range set by the

user.

Although this is a simplified version of the actual events that take
place during TRACE, it illustrates the cooperation required between
modules within the uProcessor Lab.

Debug and Front Panel /0 Module

SYSTEM
BUS
CONTROL

The Debug module is, among other things, the "traffic cop” of the
uMProcessor Lab. Recall that all modules in the uProcessor Lab share
the same address bus, data bus, and part of the control lines. (Refer
back to Fig. 1-2.) Bus contention could become a problem without the
Debug module. The Debug module insures that only one processor
(either the System Processor or the emulator processor) has control of
the bus at any time. As its name implies, the Debug module also
controls debugging operations and controls the front panel. Figure 1-
5 illustrates a block diagram of the Debug and Front Panel 1/0
module.
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DEBUGGING The debugging responsibilities of the Debug module have been

FUNCTIONS explained in part in the discussion of the emulator processor. The
Debug module has several registers dedicated to debugging
operations. Breakpoint addresses are stored in registers on the Debug
module (see Fig. 1-5). The stored addresses are compared to the

Front Panel
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JMP
CMD
Jump =
Master/ Control - PC Last
— Slave IMP Register
Control ACK
PC Next
SLV HALT F.P.and ) Register
Jump Register
INTERRUPTS
CONTROL
Interrupt Driver/ Address
Generator Receiver Decoder HOLD
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Fig. 1-56. 8001/8002A uProcessor Lab Debug and Front Panel 1/O Module Block Diagram.

This module prevents bus contention, controls debugging operations, and provides an interface to the
uProcessor Lab front panel. The Debug module contains breakpoint, forced jump, and program counter

registers used during debugging operations. The Debug module is under direct control of the System
Processor module.

1-13
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addresses placed on the system address bus by the emulator
processor. If the addresses match, the Debug module informs the
System Processor. The trace functions of the Debug module were
discussed in the emulator processor text.

The Debug module interfaces the front panel (either the standard or
Maintenance Front Panel) to the rest of the uProcessor Lab system.
This function is shown in Fig. 1-5. The Maintenance Front Panel
allows the user complete control of the uProcessor Lab, indicates the
states of the address and data buses, and allows debugging
operations to be set and exercised without the use of a terminal.

System and Program Memory Modules

8001
SYSTEM
MEMORY

MEMORY
ACCESS
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The memory modules in the 8001 /8002A uProcessor Lab are simple
enough in themselves that they will not be discussed in any great
detail. Figure 1-2 shows their relationship to the rest of the system.
Recall that the software operating system for the 8002A uProcessor
Lab (TEKDOS) is stored on disc, and placed in System Memory as
required. Since the 8001 uProcessor Lab does not have disc drive
capability, the 8001 uProcessor Lab system software (TEKOPS) must
reside in the 8001 System Memory module. The 8001 System
Memory module is made up of 6K of ROM (containing TEKOPS) and
2K of RAM. An additional 32K of ROM space is available.

One other comment about memories: Keep in mind that while the
System Processor module can access both System Memory and
Program Memory, the emulator processor can access only Program
Memory.
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Assembler Processor*

The Assembler Processor module is basically a translator. It translates assembly code into
machine code. In very simplified terms, it works as described in the following paragraphs.

LOADING
ASSEMBLER
SOFTWARE

ASSEMBLER
OPERATION

*8002A only

The system user writes an assembly language program for a specific
microprocessor or microcomputer. The program is stored in Program
Memory as it is written, and then transferred to disc on the 8002A
uProcessor Lab Flexible Disc Unit. Before the user can use the
program, it must be translated into machine code to be understood by
the emulator processor. To accomplish thistranslation, the user types
ASM on the system terminal. TEKDOS loads the assembler program
into System Memory, where it will reside during the entire assembly
operation. The System Processor module then loads an assembler
table into Program Memory. Each emulator processor has a different
assembler table. The assembler table contains the correct machine
code for translating assembly language into machine language.

After it has loaded the assembler table into Program Memory, the
System Processor reads the first line of assembly code from the disc
into System Memory. The Assembler Processor reads a command
from the first field of the assembly language, and translates the
command into machine code for storage in Program Memory. The
Assembler Processor then reads and translates a command from the
second field. The System Processor then reads the second line of
assembly code from disc and the translation takes place again. This
action is repeated until the entire file is assembled and stored in
Program Memory. At that point, the emulator processor can begin
execution of the program.

Remember that this is a simplified explanation of the assembly
operation. More information can be obtained by reading the
8002A uProcessor Lab Assembler and Emulator User’s Manual that
corresponds to your emulator processor.

1-15
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System Communications Module

A block diagram of the System Communications module is found in Fig. 1-6. The System
Communications module gives the uProcessor Lab system the capability to communicate with
other computers, or to run a line printer, a terminal, or a paper tape reader/punch. This
communication is accomplished with three RS-232 compatible 1/0 ports. The ports are
accessible on the rear panel of the uProcessor Lab. See Fig. 1-2.

SOFTWARE
DOWNLOADING

HARDWARE
OPERATION
DURING
DOWNLOADING

MEMORY
MAPPING
INSTRUCTIONS

1-16

One of the uses of the System Communications module is to
download software from another computer system. This feature is
particularly useful in the 8001 uProcessor Lab. Software can be
developed on an external computer, transferred to the

8001 uProcessor Lab viathe System Processor, and stored in Program
Memory. Information transfer is accomplished by using the COMM
command.

Once an information transfer link (such as a modem) is established,
the user can enter the COMM command from the system console. The
System Processor then writes a command byte to the System
Communications module, setting up operating parameters. One of
three asynchronous communication devices (ACIA) on the System
Communications module is activated, allowing information to be
placed on the system data and address buses. The System Processor
then writes the information to the Program Memory module. The
System Processor also handles protocol for the System
Communications module.

A secondary function of the System Communications module is
memory mapping. Recall that in emulation mode 1 the emulator
processor may selectively execute out of Program Memory or
prototype memory. The System Communications module contains a
bit map RAM. See Fig. 1-6. The bit map RAM is loaded by the System
Processor when the MAP command is. used. The bit map defines
whether the emulator processor is to work out of Program Memory or
prototype memory for each address.
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SOFTWARE

Both the 8001 and 8002A uProcessor Labs have software operating systems. The 8001
operating system (TEKOPS) is contained in PROM on the 8001 System Memory module. The
8002A operating system (TEKDQOS) is disc-based: the operating system software is contained on
disc, and portions of it are transferredto RAM memory in the 8002A System Memory module as
needed. The major difference between TEKDOS (8002A) and TEKOPS (8001) isthat TEKDOS has
greater software manipulation capabilities than does TEKOPS. In this discussion, we will
describe TEKDOS, keepingin mindthat TEKOPS performs many of the same functions, onlyina
different manner.

TEKDOS is amodule, or block, oriented software system. The reason for this is size. The amount
of memory that would be required to contain all of TEKDOS is far greater than the 16K bytes
available. Therefore, TEKDOS is organized into blocks, or software modules, that can be
transferred from disc to System Memory.

When an 8002A uProcessor Lab is booted up, several blocks of software are loaded from disc to
System Memory. These blocks are the basic operating system and can be thought of as a system
monitor. More information on TEKDOS can be found inthe 8002A uProcessor Lab System User’s
manual.

When TEKDOS is loaded, it takes up all of System Memory, excluding a portion from address
1500H to 1BFFH. Figure 1-7 shows a map of System Memory with TEKDOS loaded.

0000

TEKDOS

System Memory {
16K

TEKDOS

\ 3FFF

2711-08

Fig. 1-7. TEKDOS as it appears in 8002A System Memory.

Notice the grey area in Fig. 1-7 near the center of the System Memory address range. This grey
arearepresents that area of System Memory notfilled by TEKDOS. This area is called the overlay
area. The next few paragraphs will explain the use of the overlay area.
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Overlay Area
Recallthat when TEKDOS is loaded, only a portion of TEKDOS is transferred to System Memory.
Portions remaining on the disc include:

most of the TEKDOS commands;

all debug commands; and

all special commands, including RTPA and emulator processor commands.

When acommandis entered from the terminal, TEKDOS receives the command and looks for the
commandin alist calledthe command table. The command table is a list of every valid command
for a particular version of TEKDOS. Also within the command table is an internal file name for
each command.

Let’s suppose that the DEBUG command is entered. TEKDOS receives the command from the
terminal, then looks for DEBUG in its command table. The command table tells TEKDOS that
DEBUG is a valid command, and gives TEKDOS the internal file name for DEBUG. Since DEBUG
is a valid command, TEKDOS goes out to disc, and searches the internal file directory for the
internal file name of DEBUG. When the file is located, TEKDOS transfers the file to the overlay
area in System Memory. Figure 1-8 shows an expanded view of the overlay area.

—/_—\

TEKDOS
1500, \

Overlay
Area
1

1880

System Memory
Overlay Area

Overlay
Area
2

1BFF|_I )
TEKDOS

— "

2711-09

Fig. 1-8. System Memory Overlay Area.

As you can see, the overlay area is divided into two parts. When the internal file containing
DEBUG is retrieved from disc, the debug routine, called debug control, is placed into overlay area
1. TEKDOS then turns system control over to this routine. Debug control initializes the system to
work in a debug mode, and then returns control to TEKDOS. TEKDOS then waits for the next
command from the terminal.
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When the next commandis a debug command, like TRACE ALL, the same procedure is repeated
for the new command. TEKDOS searches its command table, then retrieves the internal file
containing TRACE ALL from disc. The program for TRACE ALL is stored in overlay area 2. During
all debug operations, the debug control software remains in overlay area 1; the contents of
overlay area 2 change with each debug command change.

You should understand that debug commands and operations are not the only software functions
that use the overlay areas in System Memory. The 8002A uProcessor Lab System Reference
Booklet shows each command that uses an overlay, and the overlay area used. The 8002A
MProcessor Lab User’s Manual also lists each system command and the overlay areas used.

To summarize, the debug control routine is loaded from disc into overlay area 1 as an overall
control element. Then each debug command entered atthe terminal is loaded into overlay area 2.
Once a specific debug command is loaded, execution of the user program can be started with GO
or a similar command. Execution of the program by the emulator processor then falls under
control of the debug command in overlay area 2.

What Happens When You Enter TRACE ALL?

Up to this point we have discussed the general hardware capabilities of each module in the
8001/8002A uProcessor Lab. And we have briefly covered the operation of the 8002A
MProcessor Lab operating software, TEKDOS. Now, we will examine the operation of the
MProcessor Lab as a whole.

The following example describes most of the operations occurring within an 8002A uProcessor
Lab when TRACE ALL is entered at the terminal. The TRACE ALL command involves single-step
execution of a program contained in Program Memory. At the end of each instruction, the active
emulator processor is halted, and its register contents are either stored on disc, or displayed to
the user. In this way, the program is “traced”, step by step.

In order for this example to be useful, some assumptions must be made. First of all, we assume
that you have some knowledge of TEKDOS—its command structure, general operation, etc. For
more information concerning TEKDOS, see the 8002A uProcessor Lab System User’s Manual.
Secondly, this example is built around an operating 8002A uProcessor Lab, with a current
TEKDOS disc loaded. We assume that an emulator processor module is plugged into the
mainframe of the 8002A.

Because a number of hardware control lines are mentioned in the following text, it may be
valuable to study the theory of operation sections located later in this manual.

As a convention, those commands that would be entered by the user are all uppercase and
underlined.
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Command: LOAD (filename)
Action:

1. The System Processor (under control of TEKDOS) searches the
command table to determine which system file to load (in this
case, the internal file name for LOAD). Then, from the file
directory, the System Processor calculates where that file resides
on the disc.

2. The system Processor reads the LOAD program into System
Memory overlay area 1. TEKDOS turns execution over to LOAD.

3. LOAD issues a SVC (service call) to the operating system
(TEKDOS) to determine the location of (filename).

LOAD USER’'S 4. The LOAD program reads (filename) (in Tektronix Hexadecimal
PROGRAM format) into System Memory, then causes the System Processor
FILE to transfer (filename) (in object code) into Program Memory.

Command: EMULATE @
Command: DEBUG

Action:
LOAD 5. The System Processor (TEKDOS) searches the command table
DEBUG and finds the internal file name for DEBUG. DEBUG is then
SOFTWARE loaded into System Memory overlay area 1.

6. TEKDOS turns control over to DEBUG. DEBUG directs the system
to operate in a debug mode. DEBUG then returns control to
TEKDOS.

Command: TRACE ALL

Action:
LOAD 7. The System Processor (TEKDOS) searches the command table,
TRACE finds the internal file name for TRACE, and loads TRACE into
SOFTWARE System Memory overlay area 2.

8. TEKDOS turns control over tothe TRACE program. TRACE sets up
the Debug and Front Panel I/0 module for single-step operation.
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MOVE
EMULATOR
REGISTER
VALUES

TO SYS.
MEMORY

JUMP TO
RESTORE
ROUTINE

Command: GO 3090
Action:

10.

11.

12.

13.

14.

The System Processor swaps the register save area of System
Memory with the first few bytes of Program Memory. The register
save area contains random data if this swap is performed before
the emulator processor is initialized. The primary purpose of this
action is to allow the user to set the emulator processor registers
before execution begins, by using the DSTAT or SET commands.
If these commands are used, the register values set by the user
are stored in the register save area of System Memory. The
number of bytes inthe register save area is emulator-dependent.

The debug control routine writes the address of the emulator
processor register restore routine into the Jump Address
Register on the Debug module.

The debug control routine causes the System Processor to write a
command byte to the Debug module. The command byte has bit 2
asserted. Bit 2 tells the Debug module toforce jumpthe emulator
processor the next time the emulator processor is activated.

DEBUG causes the System Processor to halt. The Debug module
immediately releases the SLV PAUSE line, allowing the emulator
processor to become active. As soon as the emulator processor is
started, the Debug module forces the JMP CMD (jump command)
line low.

When the JMP CMD line goes low, jump logic on the emulator

processor forces an unconditional absolute jump code onto the

emulating microprocessor’s data bus during its fetch cycle. The
emulator processor then forces the JMP ACK control line low,
acknowledging to the Debug module that its jump command is
received.

When the Debug module receives JMP ACK from the emulator
processor, it places the contents of the Jump Address Register
(previously loaded by the debug control routine) on the system
address bus.
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15. Jump logic on the emulator processor forces the high and low
bytes of the jump address onto the emulating microprocessor’s
data bus one at a time (for 8-bit microprocessors) and in the
proper order. The emulator processor then restores JMP ACK
high.

16. The absence of the JMP ACK signal causes the Debug module to
remove the Jump Address Register contents from the system
address bus.

NOTE

At this point, the debug control software has been loaded into System Memory. The
control software has transferred a portion of Program Memory into System Memory
for storage and possible alteration. The System Processor has issued a forced jump

address (containing the address of the register restore routine) to the Debug module.

The Debug module has passed the address on to the emulator processor.

EMULATOR 17. The emulator processor has now received the address of the
PROCESSOR beginning of the restore routine located in PROM on the emulator
BEGINS processor. The emulator processor begins execution of that
RESTORE routine by fetching the first byte.

ROUTINE

18. The restore routine loads the register contents back into their
proper locations. The register contents may have been changed
by DSTAT or SET.

19. The emulator processor executes a debug SVC 1 resulting in an
access to the Debug module 1/0 port F1. This causes a SVC
interrupt of the Debug module.

20. The SVC interrupt causes the Debug module to force the SLV
PAUSE control line low. SLV PAUSE forces the emulator
processor off the system bus. The emulator processor responds
by forcing its RUN line high.

21. Upon seeing RUN removed, the Debug module removes MSTR

PAUSE, thereby allowing the System Processor to resume
execution, and to also respond to the SVC interrupt.
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22.

23.

24.

25.

26.

27.

28.

The System Processor swaps the register save area in System
Memory with the first few bytes of Program Memory. This action
restores the Program Memory to its original state.

After System Memory and Program Memory have been restored
to their original condition, the debug control routine loads the

destination address of the previously entered GO command (in
this case 0300H) into the Jump Address Register on the Debug
module.

Steps 11 through 17 are repeated for the GO address. However,
at step 17, the emulator processor fetches the instruction located
at address 0300.

Recall that when TRACE ALL is active, the emulator processor is
performing single-step operations. Each time the emulator
processor executes an instruction, the program counter registers
on the Debug module must be updated. The SLV OPREQ and
FETCH control lines (generated by the emulator processor during
the address fetch) cause the Debug module to store the contents
of the address bus in the P.C. Last register. SLV OPREQ and
FETCH also cause the Debug module to issue a single-cycle
interrupt to the System Processor.

The System Processor, even though it is paused, acknowledges
the single-cycle interrupt by forcing the MSTR INTD line low.

At the same time the System Processor acknowledges the single-
cycleinterrupt, the Debug module lowers the JMP CMD line, thus
issuing a jump command to the emulator processor.

On the next emulator processor fetch, rather than fetching the
next user instruction, the emulator processor fetches a jump
instruction. At the same time, the Debug module stores P.C. Next
(the next program counter value).
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29. Whenthe emulator processor fetches the forced jump instruction
which is hard-wired on the emulator processor itself the Debug
module asserts SLV PAUSE. This causes the emulator processor
to remove itself from the system bus. The emulator processor
RUN line is forced high.

30. The Debug module, upon seeing that RUN is high, allows MSTR
PAUSE to go high. This allows the System Processor to run and
respond to the single-cycle interrupt.

31. The System Processor now asserts the INTACK and DEBUG VEN
(Debug Vector Enable) lines.

32. DEBUG VEN causes the Debug module to place the single-cycle
interrupt vector address on the data bus.

33. The System Processor now enters the single-cycle interrupt
service routine.

NOTE

At this point, the emulator processor has executed the first instruction in the user
program. Now, the System Processor module will cause the emulator processor to
dump its new register contents into Program Memory.

34. The System Processor writes a control byte to the emulator
processor. This enables the emulator processor dump and
restore PROM, and activates the module in the special MEMSW
mode. However, if the emulator processor was in emulation
mode O, it does not enter the MEMSW mode but remains in mode O.

EMULATOR 35. The System Processor swaps the register save area of System
PROCESSOR Memory with the first few bytes of Program Memory.
DUMPS

REGISTERS 36. The System Processor forces the emulator processor to execute

the forced jump routine.
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37. The emulator processor stores the contents of its registers in the
first few locations of Program Memory. The emulator processor
then executes the debug SVC 1.

38. The System Processor swaps the register save area of System
Memory with the first few bytes of Program Memory; this returns
Program Memory to its original condition.

39. The debug control program causes the System Processor to read
P.C. Last and P.C. Next from the program counter registers on the
Debug module. The System Processor then reads the instruction
just executed from Program Memory. If the last instruction was
executed from prototype memory, the System Processor
performs a UGET operation to retrieve the instruction from
prototype memory.

The Program Counter values, instruction, and register values
previously stored constitute a line of trace data.

40. The System Processor then either displays the trace data on an
output device or stores the data in a disc file.

41. The debug control routine loads the next address into the jump
address register on the Debug module. Steps 11 through 17 are
repeated for this address. However, at step 17, the emulator
processor fetches the instruction located at the new address.

The sequence from step 25 through step 41 is repeated for each
instruction inthe user program. In this way, the program counter
values for each instruction, the emulating microprocessor’s
register values, and the instruction itself can be stored or
displayed.

We have just followed an emulator processor through a complete cycle of instruction execution
while in the debug mode of operation. This provides a good example of the interaction between
the System Processor, the Debug module, the emulator processor, Program Memory, and
System Memory.
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SPECIFICATIONS

INTRODUCTION

The specifications in this section apply to the basic 8001 /8002A uProcessor Lab, consisting of

the following units:
8001 uProcessor Lab
Standard Modules
System Processor
System Memory
System Communications
Debug and Front Panel I/0
Program Memory (one module)
Power Supplies
+5.2 Vdc
+12.0 Vdc 30 Vac
—12.0 Vdc 60 Vac

8002A uProcessor Lab
Standard Modules

System Processor

System Memory

System Communications

Debug and Front Panel 1/0
Assembler Processor

Program Memory (two modules)

Power Supplies

+5.2 Vdc
+12.0 Vdc 30 Vac
—12.0 Vdc 60 Vac

MPROCESSOR LAB CHARACTERISTICS

The input power requirements (list 1, following) are for the basic configuration only. The
electrical, environmental, and physical characteristics are general. For details on environmental
test procedures, including failure criteria, contact your local Tektronix Field Office or

representative.

1. Electrical Characteristics
Input Voltage

Frequency

Input Power

115 Vac £10% or 230 Vac £10%.
A switch S2 on the back panel selects
the two operating voltages.

60 Hz £10%
(50 Hz £=10% special order)

3.6 Amps (max) at 115 Vac, 60 Hz.
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Fuses
Primary (F4)
+12 Vdc
Supply (F3)
60 Vac (F1)
50 Vac (F2)

GND and AUX BUS

2. Environmental Characteristics
Temperature (in degrees)
Operating
Storage

Humidity
Altitude

- Operating
Storage

6A at 115 Vac, 3A at 230 Vac

2A at 115 Vac, 1A at 230 Vac
0.5 Amps
0.5 Amps

Aterminal block (TB2) on the back panel of
the uProcessor Lab has connections for an
(AUX BUS), Logic Ground (LOGIC GND)
and earth ground (CHASSIS) GND.
CHASSIS GND and earth ground are
connected together internally. A shorting
strap on the terminal block provides a
single common tiepoint between logic
ground and chassis ground. If the shorting
strap is removed, a 1 MQ bleeder resistor
maintains a limited potential difference
between logic ground and chassis ground.
Logic ground is the ground bus for the
uProcessor Lab modules. AUX BUS and
LOGIC GND are connected to separate
lines on the motherboard. The AUX BUS
may be used to apply auxiliary power if
desired.

0°C to +40°C (+32°F to +104°F)
—40°C to +75°C (—40°F to +167°F)

To 90% relative non-condensing

To 15,000 feet (4.572 km)
To 50,000 feet (15.24 km)



3. Physical Characteristics
Dimensions (Overall)

Height

Width

Length

Weight

uProcessor Lab Power Supplies
1. Electrical Characteristics
Output Power

+5.2 Vdc

+12 Vdc

—12 Vdc

Overload Protection

Line regulation
+5.2 Vdc
+12 Vdc
—12 Vdc

Load Regulation
+5.2 Vdc
+12 Vdc
—12 Vdc

Specifications—8001/8002A Service

24.66 cm (9.62 inches)
48.31 cm (18.842 inches)
57.3 cm (22.347 inches)

Approximately 30 kg (66 lbs)

25 Amps
3.4 Amps
3.4 Amps

Automatic current limit foldback.

Within .05% for 10% line voltage change.

Within .05% for 50% load change.

MProcessor Lab Standard Module Power Requirements

1. System Processor

Voltage Typical
+5.2 Vdc ‘ 2A
+12 Vdc 0.05A
—12 Vdc 0.05A

2. 16K Dynamic RAM
+5.2 Vdc 1.2A
+12 Vdc 0.085A

3. System Communications

+5.2 Vdc 1.6A
+12 Vdc 0.128A
—12 Vdc 0.128A

Current

Maximum
2.5A
0.08A
0.08A

1.6A
0.6A

1.9A
0.385A
0.385A

2-3
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4. Debug and Front Panel 1/0
+5.2 Vdc

o

8001 System Memory
+5.2 Vdc

o

High-Speed Memory
+5.2 Vdc
+12 Vdc
—12 Vdc

7. Assembler Processor
+5.2 Vdc

ACCESSORIES

2A

1.1A &
65 mA/2K bank

1.2A
0.085A
0.014A

0.5A

8001 uProcessor Lab Standard Accessories
8001/8002A uProcessor Lab Installation Guide
8001 uProcessor Lab System User’s Manual
8001 uProcessor Lab System Reference Card

8002A uProcessor Lab Standard Accessories
8001/8002A uProcessor Lab Installation Guide
8002A uProcessor Lab System User’'s Manual
8002A uProcessor Lab System Reference Card

Optional Accessories

For an up-to-date listing of the available optional accessories and support items, refer to the
Tektronix Products catalog or contact the nearest Tektronix Field Office or representative.

PERIPHERAL EQUIPMENT

Standard Peripheral Equipment

Flexible Disc Unit (8002A uProcessor Lab only)

Optional Peripheral Equipment

Tektronix CT8100 CRT Terminal
Tektronix CT8101 Printing Terminal (TTY)

Tektronix LP8200 Line Printer

2.5A

1.7A &
90 mA/2K bank

1.8A
0.9A
0.018A

undefined
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Section 3

SYSTEM PROCESSOR MODULE

INTRODUCTION

The System Processor module handles processing tasks, controls other modules, and performs
1/0 transfers with the Flexible Disc Unit and the system terminal.

CIRCUIT DESCRIPTION

General

The System Processor Module is divided into five major sections for this discussion:
the 2650 microprocessor and its supporting logic

e interrupt priority decoding and interrupt vector generation logic

o 1/0 logic for communication with the Flexible Disc Unit and the system terminal
o baud rate and interval timer logic

® program memory bank select logic

2650 Microprocessor and Supporting Logic :
The 2650 microprocessor supporting logic consists of clock logic, bus driver/receivers that
interface with the 8001/8002A system buses, system control signal logic, and some logic

associated with the microprocessor itself.

For detailed information about the 2650 microprocessor, refer to the Signetics 2650 Reference
Manual.

The support logic for the 2650 microprocessor is discussed in the following order:
® 2650 Clock Logic

Bidirectional Data Bus Buffers

Address Bus Buffers

System Bus Control Logic and Buffers
System Processor Pause Logic

System Processor Read and Write Timing

Power-on Reset

2650 CLOCK LOGIC @ e
The 2650 clock is generated by a 10 MHz oscillator. The 10 MHz oscillator uses a series-
resonant crystal as a feedback element across two cascaded inverting amplifiers. The 10 MHz
output is buffered onto the system bus as SYS CLK for Emulator Processor use.
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The 10 MHzclockis alsodivided by eight in two stages to produce the 2650 clock. The first stage
consists of a divide-by-four circuit, which divides the 10 MHz oscillator frequencyintoa 2.5 MHz
clock. The second stage consists of a flip-flop (U5030) that divides the 2.5 MHz output by two,
resulting in the 1.25 MHz clock used by the 2650. The flip-flop is also controlled by an external
hold signal (FPHOLD). FP HOLD provides a means for stopping the 2650 clock in the low state for
any number of half cycles. FP HOLD is generated from the Maintenance Front Panel during a
single-step or a breakpoint operation.

BIDIRECTIONAL DATA BUS BUFFERS @ :
The 2650 data lines are buffered by bidirectional bus driver/receivers (U5060, U5070). The
receivers collect datafrom the system bus andtransmit it tothe 2650. The drivers take datafrom
the 2650 and transmit it to the bus. The bus driver/receivers are controlled by the ANDed result
of the RUN and R/W outputs from the 2650. When the 2650 is in a ‘run’ state, RUN is high and
the driver/receivers are enabled by the R/W output. If the 2650 is not running, RUN is low and
the bus is in the input mode. In this state, the data bus has a high input impedance and can be
driven by other modules in the system.

ADDRESS BUS BUFFERS
Tristate drivers buffer the address outputs from the 2650 and drive the system address bus.
These drivers (U4040, U4050, U5040) are controlled by an inverted RUN output from the 2650.
When the 2650 is running, RUN is high and the drivers are enabled, thus passing signals to the
address bus. If the 2650 is halted, RUN is low and the drivers are disabled and put into a high-
impedance state. The address bus is then controlled by external devices, such as an emulator
processor.

SYSTEM BUS CONTROL LOGIC AND BUFFERS @ 0

Appendix A contains a list defining all system bus lines. Refer to this list while reading the
following text.

This circuit block contains the logic that converts 2650 control signals into system control
signals. The buffers in this circuit place the signals on the system bus.

Tristate drivers buffer the signals INTACK, FLAG, WRP, and M/10 from the 2650. RUN is inverted
and brought out to the system bus as two signals: RUN and MAST RUN. OPREQ is ANDed with
INTACK and delayed 250 ns by an RC network(R2171, C2162). The resultant signal is squared by
a Schmitt trigger and theninputto atristate driver (U3080) which is enabled by the inverted RUN

- output. The 250 ns delay guarantees that all system bus address, data, and control lines are valid

when the system bus control line OPREQ goes low.
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Two bus control lines, not in the Bus Control Logic block, are inputs to the 2650; the System
Processor control bus signals HOLD and SENSE. These two control lines are inverted and drive
the OPACK and SENSE inputs of the 2650, respectively.

SYSTEM PROCESSOR PAUSE LOGIC

The System Processor is paused when the MST PSE control line is brought low by the Debug and
Front Panel 1/0 module (refer to Section 6). When this line goes low, the 2650 finishes its
current instruction, then makes its RUN output go low. The low state of the RUN line puts the
address and databus buffersinto a high-impedance state. Emulator processor modules canthen
control the address and data buses.

SYSTEM PROCESSOR READ AND WRITE TIMING

Timing diagrams for Read and Write operations are shownin Fig. 3-1. HOLD is generated bythe
memory or |/0 device when data is not read or written within 200 ns of OPREQ going low. HOLD
remains until read-data is valid, or write-date is received.

}4——-———— 850 ns min ——-—1
OPREQ i ]
——i I-‘— 50 ns min -] |~ 50 ns min
Address ///] Stable B
—=={ 300 ns min | |- 50nsmin
Mo % 7
HoLo (See Note)
Not Used
————-| 300 ns min ——-I '4— 50 ns min
R/W %
j=————600 ns min ——————s= | 0ns Hold Past OPREQ READ
Data In 4? ,I Stable V
—==] 300 ns min —=| |- 50 ns min
_ %
% |=————— 550 ns min —*—300 ns min"i }‘- 50 ns min
l | U WRITE
150 ns min —a= I-d—- —{ == 50 nsmin
Data Out ] Stable Y
|==-200 ns-—’-l —* | 50nsmin
RAMIH -
1 I
AT3 Low
MAST RUN Low
Note: 1. If the Emulator Processor has an access time of greater than 600 ns, HOLD will be asserted within 50 ns
after OPREQ and be maintained until the data is valid.
2711-10

Fig. 3-1. System Processor M/10 Read and Write Timing Diagram.
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POWER-ON RESET @ oOn
The Reset Logic is provided to initialize the system and to restart the 2650 during power-up.
When the 5.2 V power supply reaches its operating level, the power-on detector (U2150A)
initiates areset signal (RESET). RESET causes the 2650 to fetch and execute the instruction at

address 0000 in system memory.

RESET isinverted and becomes PON in the rest of the System Processor module. RESET is also
sent system-wide to reset the rest of the modules.

The Power-On Reset circuit consists of a series RC circuit, which charges during power-up, and a
Schmitt trigger, which provides a high 50 ms pulse. The Schmitt trigger output is buffered by an
inverting open-collector driver which drives the system bus control line RESET. This allows a
high PON to be initiated from the Power-On Reset circuit or by RESET.

Interrupt Logic

GENERAL

The 8001/8002A uProcessor Lab operates with an interrupt-driven System Processor. An
interrupt suspends normal program execution to execute a higher-priority service routine. After
completing the service routine, the interrupted program is restored to the point where it was
interrupted. The System Processor module is capable of servicing up to 16 interrupts from other
modules and devices in the uProcessor Lab. An additional 16 interrupts are generated on the
Debug module.

The starting address of the service routine is called an interrupt vector. Priority and enabling of
these vectors is controlled by logic on the System Processor module. Table 3-1 lists the
interrupting devices, priorities, and vector addresses.

Interrupt Logic circuitry is discussed in the following order:
e Interrupt Input Logic

e Interrupt Sample and Hold Logic

Priority Encoder and Vector Generator Logic
Interrupt Vector Address Buffer

Interrupt Vector Decoder

System Processor Interrupt Control Logic
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Table 3-1
INTERRUPT VECTORS
Vector
Priority Address Function
(0] 0000 Reset
1 0002 System Memory Parity Error
2 0004 NA
3 0006 Program Memory Parity Error
4 0008 Console In
5 000A Console Out
6 000cC System Communications 1
7 000E System Communications 2
8 0010 System Communications 3
9 0012 Timer
10 0014 NA
11 0016 Flexible Disc
12 0018 NA
13 001A PROM Programmer 1
14 0o1C PROM Programmer 2
15 001E NA
16 0020 Emulator SVC 1
17 0022 Emulator SVC 2
18 0024 Emulator SVC 3
19 0026 Emulator SVC 4
20 0028 Emulator SVC 5
21 002A Emulator SVC 6
22 002C Emulator SVC 7
23 002E Emulator SVC 8
24 0030 Breakpoint 1
25 0032 Breakpoint 2
26 0034 Single Cycle
27 0036 Emulator Halted
28 0038 Diagnostic Interrupt
29 003A Real-Time Prototype Analyzer
30 003C Debug Interrupt 30
31 003E Debug Interrupt 31

NA = Not Assigned

INTERRUPT INPUT LOGIC .

Each interrupting device has a dedicated flip-flop called in Interrupt Flip-Flop associated with it.
When a device requests an interrupt, the corresponding Interrupt Flip-Flop is set. The System
Processor services 16 Interrupt Flip-Flops. Seven of these are located on the System Processor
module (see Table 3-2A). The remaining nine Interrupt Flip-Flops are located on other modules of
the uProcessor Lab (see Table 3-2B). All Interrupt Flip-Flop outputs appear on the system bus.




System Processor Module—8001/8002A Service

Table 3-2A
INTERRUPT FLIP-FLOPS ON THE
SYSTEM PROCESSOR MODULE

Interrupt Function
INT O Reset
INT 2 Tape Interrupt

INT 4 Data Available Interrupt

INTS TBMT Interrupt (Transmitter Buffer Empty)
INT 29 RTPA Interrupt

INT 30 Printer Interrupt

INT 3T Disc Interrupt

Table 3-2B
INTERRUPT FLIP-FLOPS THROUGHOUT
THE 8001/8002A uPROCESSOR LAB

Interrupt Function
INTT System Memory Parity Error
INT 3 Program Memory Parity Error
INT6 System Communications Interrupt 1
INT 7 System Communications Interrupt 2
INT 8 System Communications Interrupt 3
INT 12 Not Assigned
INT 13 PROM Programmer Interrupt
INT 14 Not Assigned
INT 15 Not Assigned

[ ]
INTERRUPT SAMPLE AND HOLD LOGIC .

The Interrupt Sample and Hold Logic looks for an interrupt every 100 ns as long as there are no
interrupts being serviced. No new interrupts will be recognized while an interrupt is being
serviced. The interrupt acknowledge line, INTACK, is held high by the 2650 microprocessor while
it is servicing an interrupt.
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PRIORITY ENCODER AND VECTOR GENERATOR LOGIC .

Thelatched Interrupt Flip-Flop outputisinput tothe Priority Encoder and Vector Generator Logic.
Aninterrupt vector isimmediately generated for the Interrupt Flip-Flop with the highest priority.
The order of importance of the interrupting devices has been preassigned, and is hardwired to
reflect this priority. The interrupt vector that is generated corresponds to the highest-order bit
position that is true. All lower-order bits are ignored. Table 3-1 lists priorities and vector
addresses for the interrupts.

INTERRUPT VECTOR ADDRESS BUFFER .

The interrupt vector is gated onto the system data bus by the Interrupt Vector Address Buffer
during INTACK. (See Interrupt Sample and Hold Logic description.) Interrupt detection is

repressed during INTACK. This preventsthe interrupt vector from changingwhileitisread by the
2650.

The Interrupt Vector Address Buffer consists of tristate drivers (U4080, U4090) that drive the
system bus. When the Priority Encoder and Vector Generator Logic senses an input line as low
(interrupt present), the System Interrupt output line (SYS INT) immediately goes low. SYS INT is
inverted and ORed together with the Debug module interrupt input line (DBG INT) from the
system control bus. The resultant output is the 2650 interrupt request (INTREQ) and MST INTD.
The 2650 microprocessor sets INTACK (from schematic 1A) high when it is ready to receive the
interrupt vector and service the interrupting device. When SYS INT and INTACK are both high,
the output of the NAND gate U3170B is low. This enables the tristate drivers of the Interrupt
Vector Address Buffer.

INTERRUPT VECTOR DECODER
The interrupt vector is also sent to the Interrupt Vector Decoder (U2110, U2120). The Interrupt
Vector Decoder is used to reset the seven Interrupt Flip-Flops located on the System Processor
module (see Table 3-2A). When aninterrupt vector is detected, the Decoder generates an output
to reset the corresponding flip-flop.

SYSTEM PROCESSOR INTERRUPT CONTROL LOGIC

There are also 16 interrupt vectors generated on the Debug module. The Debug module
interrupts have a lower priority than the System Processor module interrupts. This priority is
established by the System Processor Interrupt Control Logic. Interrupts and their priorities are
listed in Table 3-1.
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When SYS INT is high, the DBG INT input generates the 2650 INTREQ. The Debug Vector Enable
(DBG VEN) system bus control line controls the Interrupt Vector Address Buffer on the Debug
Module. WhenTNTACK is low and EO of U4110 (schematic 1B,, center) is low, DBG VEN is low
and enables the interrupt vector onto the data bus.

1/0 Logic

GENERAL

The system terminal and the Flexible Disc Unit communicate with the uProcessor Lab via the
System Processor mmodule |70 Logic. The I/0 Logic contains a serial interface for the system
terminal (an RS-232-C compatible terminal or current loop TTY), and a paraliel interface for the
Flexible Disc Unit. Also provided are a buffered bidirectional data bus for System Processor 1/0
transfers, 1/0 port decoding logic, output data latches, and input gating.

The |/0 Logic will be discussed in the following order:
o |/0 Decoder Logic

Read Decoder

Write Decoder

Data Bus Buffers

System Terminal Interface
Serial Control Register
Serial Interface Input Logic
Serial Interface Output Logic

Flexible Disc Unit Interface
e Parallel Control Register
e Parallel Input/Output Data
e Parallel Output Latch
o Flexible Disc Status Buffer

1/0 DECODER LOGIC @ N
The 1/0 Decoder Logic provides control signals to the Read Decoder, Write Decoder, and
Bidirectional Data Bus Buffer. The |/0 Decoder Logic is enabled when 1/0 ports EB—EF are
addressed. Table 3-3 shows which inputs are sensed to enable the |/O Decoder Logic.
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Table 3-3

1/0 DECODER LOGIC ENABLE CHART

Inputs System System
Control Bus Lines Address Bus Lines
1/0 Decoder Logic Enabling Inputs
JR— — MAST — —_ —_ — — — —
Outputs WRP R/W RUN OPREQ | M/IO A13 A7 A6 A5 A4 A3
Read 1
2D 1 0 0 1 0 0 0 0 0
Write
WR 0 0 0 1 (1] 0 0 0 1 0
Writ
Pulse 0 0 0 0 1 0 0 0 0 1 0
WRP
0 = Low
1 =High

When RD, WR, WRP
is 0, then output is
enabled (active state).

Thel/0 Decoder Logicis enabled by NAND gate U2100. Control line MAST RUNis low when the

2650is fetching and executinginstructions. Control line OPREQ is low when the system address
and data buses are valid and can be read. Address line A13is low and control line M/10 is high
during the execution of an1/0 instruction. The address states of A3—A7 correspondtol/O ports

E8—EF. See Table 3-4.

1/0 PORT ADDRESS VALUES

Table 3-4

Address Bits Decoded

1/0 Decoder Logic

Read or Write Decoders

By:
Address Bits: A7 A6 AB Ad A3 A2 Al A0
1/0 Port 0 0 0 1 0 X X X
E8 1 1 1
E9 1 1 0
dd"@ss
EA its 4 1 0 1
EB 7’4 1 0 0
are ¢
EC he Som 0 1 1
ED e 0 1 0
EE 0 0 1
EF 0 1] 0

x =don’t care
0 = Logic low
1 = Logic high

39
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3-10

When the |/0 Decoder is enabled, three control outputs are activated. The first control output, RD
(Read), is low when the 2650 is performing a ‘Read’ operation. The second control output, WR
(Write), islow whenthe 2650 is performing a "Write' operation. The last control outputis labeled
WSTB (Write Strobe), and is the ANDed result of WRITE and the control bus line WRP. WRP is a
high-low-high timing pulse. It is initiated from the 2650 during a write operation and used for
clocking output latches and memory.

READ DECODER

The Read Decoder has four output lines, labeled E8, E9, EA, and EB. Each line goes lowwhenthe
corresponding |/0 port (EB—EB)isread. The inputstothe Read Decoder are the system address
bus lines AO—A2 andthe RD (Read) output fromthe /0O Decoder Logic. When /0 ports EB—EB
are read by the 2650, RD (Read) is low and the Read Decoder is enabled. See Table 3-4 for the
value of address bits AO—A2 when |1/0 ports EB—EB are addressed.

WRITE DECODER
The Write Decoder has six output lines labeled E8, E9, EA, EB, TINT, and BNK. 1/0 ports ES—EB
correspond to Write Decoder output lines EB—EB. Write Decoder output lines TINT and BNK
correspondto|/0 ports EC and ED, respectively. The inputs tothe Write Decoder are the system
address bus bits AO—A2 and the WSTB (Write Strobe) output from the 1/0 Decoder Logic. When
the 2650 writes tol/0 port EB—ED and control lineWRP is low, WSTB (Write Strobe) is low and
enables the Write Decoder. Refer to Table 3-4 for the EC and ED address bit pattern.

DATA BUS BUFFERS .

The I/0 Logic bidirectional data bus buffers allow data transfers between the system data bus,
the system terminal, and Flexible Disc Unit. The buffer is controlled by two inputs: Read (RD)and
Write (WR) outputs from the |/0 Decoder Logic. When RD is low, data is placed onto the system
data bus from the /0 Logic. WhenWRis low, the I/0 Logic inputs data from the system data bus.

SYSTEM TERMINAL INTERFACE

The System Terminal Interface provides an RS-232-C compatible interface and a TTY current
loop for serial communications between the uProcessor Lab and the system terminal. An
RS-232-Cterminal and a TTY current loop terminal may not be used at the same time. The serial
interface uses a Universal Asynchronous Receiver Transmitter (UART) to perform the
serial-to-parallel and parallel-to-serial conversion for the system terminal.
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SERIAL CONTROL REGISTER e

The Serial Control Register Latches control bits from the bidirectional data bus to enable the TTY
Interrupt Flip-Flops, select UART parity, and control a paper tape reader. The 2650 writes the
control bits to 1/0 port E9. During the "write’ operation, Write Decoder output E9 goes low. (This
output is a pulse, since WRITE STROBE, the enabling input, to the Write Decoder, is a pulse.
Recall that WRITE STROBE is the ANDed result of output WRITE and input WRP of the 1/0
Decoder Logic.)ltisthis pulse(E9, TTY WRITE CONT) that clocks the Serial Control Register. The
register then latches the control bits that were written by the 2650.

The Serial Control Register consists of three J-K type flip-flops. The first flip-flop (U3140) is used
to control a TTY paper tape reader. This flip-flop is set high or low under program control, and is
reset to low upon receipt of the start bit. One character is allowed to be read at a time. U4120
drives the output of U3140(RDR CTRL(—)). The next flip-flop (U2140A) when set high, permits the
UART (schematic 1C, center) to generate and check even parity. The last flip-flop(U2140B), when
set high, enablesthe TTY Interrupt Flip-Flops (schematic 1B, left). The Interrupt Flip-Flops are set
high or low under program control.

Table 3-5 shows the control bit locations in the 8-bit data byte that is placed on the data bus
during a 2650 ‘write’ operation to port E9.

Table 3-5
SERIAL INTERFACE 1/0 LOGIC PORTS
Data Bits
7 6 5 4 3 2 1 0
Ports
E8
Serial to Parallel |- Data —ee ]
Data
Read TBMT
E9 PE FE bo Transmit |PA
S ———— Not Used ——®={ Parity | Framing | Data Data
UART Status Buffer °
Error Error Overrun Em Available
pty
E8
Parallel to Serial Data 2
Data r
Write
Enable
E9 Even Reader
. Not Used —————— 8= TTY §
Serial Control I l I I Interrupt: Parity | On

3-11
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SERIAL INTERFACE INPUT LOGIC
Serial data transmitted by the system terminal to the uProcessor Lab is input by the Serial
Interface Input Logic. The Serial Interface Input Logic accepts either RS-232-C or current loop
logic and converts it into parallel TTL logic.

When serial data is to be received by the uProcessor Lab, the 2650 must first enable the TTY
Interrupt Flip-Flops (schematic 1B, center). The TTY Interrupt Flip-Flops are enabled by the Serial
Control Register. The UART (schematic 1C, center) shifts the serial data intothis register and sets
the Data Interrupt (DA INT) output to a high when a complete character has been received. The
transition of the DA INT output from lowto high clocks a TTY Interrupt Flip-Flop, which causes the
2650tobeinterrupted. /0 port E9isthenreadbythe 2650. This causes Read Decoder output E9
to go low and enables the UART Status Buffer (schematic 1C, center). The UART status outputs
DA, TBMT, OR, FE, and PE are then placed on the bidirectional data bus and input to the 2650.

If no status errors are detected, /0 port E8 is read next. Read Decoder output E8 goes low and
enables the UART Output Buffer, which gates the parallel data onto the bidirectional data bus for
input to the 2650. At the same time, Read Decoder output E8 is used as the UART Reset Data
Available (RDA) line. Output DA INT is then reset low and the UART is ready to receive another
serial data character.

SERIAL INTERFACE OUTPUT LOGIC
Serial data transmitted by the uProcessor Lab to the system terminal is output by the Serial
Interface Output Logic. The Serial Interface Output Logic converts the UART TTL serial output
into RS-232-C output and current loop logic. An open-collector driver (U1120) is used for the
current loop, and a bipolar driver (U4120B) for the RS-232-C output.

When serial data is to be transmitted by the uProcessor Lab, the 2650 must first enable the TTY
Interrupt Flip-Flops (schematic 1B, center). The 2650 then places the character to be transmitted
onto the bidirectional data bus during a write to 1/0 port E8. Next, the Write Decoder output line
E8 goes from high to low to high, which corresponds to the time WRP (from the 2650) is low. This
output is used to enable the UART to latch the character from the bidirectional data bus. The
actual latching of the character into the UART port (DBO—DB?7) occurs on the high-to-low
transition of output E8. Onthe low-to-high transition, the UART shifts the character out serially.
When a complete character has been shifted out, the UART sets the Transmit Buffer Empty
(TBMT) output to high. The transition of the TBMT output from low to high clocks a TTY Interrupt
Flip-Flop, which causes the 2650 to be interrupted. The 2650 sends the next character to the
UART. This process is repeated until all characters have been transmitted.

The system terminal connector (a 25-pin connector conforming to RS-232-C standards) is
mounted on the 8001 /8002A uProcessor Lab rear panel. This connector is connected by aribbon
cable to plug P2 on the top edge of the System Processor module.
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To interface the system to an RS-232-C compatible terminal, certain signal lines are
permanently pulled up high. These signal lines are Clear To Send, Data Set Ready, Signal Detect,
Data Terminal Ready, and Request To Send. For further interface information, refer to the
8001/8002A uProcessor Lab Installation Guide.

Flexible Disc Unit Interface

The Flexible Disc Unit Interface provides parallel communication channels between the 8002A
uProcessor Lab and the Flexible Disc Unit.

The Flexible Disc Unit Interface circuitry will be discussed in the following order:
e Parallel Control Register

e Parallel Input/Output Data
e Parallel Output Latch
o Flexible Disc Status Buffer

PARALLEL CONTROL REGISTER .

The Parallel Control Register (U2040) latches control bits from the bidirectional data bus to direct
the Flexible Disc Unit. The Control Register consists of six D-type flip-flops and four tristate
buffers. Two flip-flop outputs enable the Disc and Printer Interrupt Flip-Flops in the Interrupt logic
(schematic 1B). The four remaining flip-flops output signals to the tristate buffers that drive the
Flexible Disc Unit control inputs.

Table 3-6
PARALLEL INTERFACE 1/0 LOGIC PORTS
Data Bits
7 6 5 4 3 2 1 0
Ports
EB
Input Parallel — Data .
Data
Read
EA FI Printer
Flexible Disc _ :9 ptg————— Not Used ——————8{ Fault Printer
Unit Status - =0
EB
Output Parallel j==a- Data — -
Data
Write
EA PNTR DISC CTRL -
Flexible Disc oy | Ut | INT | INT { Not c1 co | §TRB
Unit Control EN EN Used

313
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The process in which control bits are latched into the Parallel Control Register (Table 3-6) is the
same as the process for the Serial Control Register. The only difference is that the 2650 now
writes to |/0 port EA rather than to |/0 port E9.

PARALLEL INPUT/OUTPUT DATA

The Flexible Disc Unit input data lines (DIDO—DID7) are terminated by a Parallel Input Network
and are received by the Parallel Input Buffer. The Parallel Input Buffer consists of tristate drivers
(U2060B, U2070) that gate the data onto the bidirectional data bus during aread of 1/0 port EB.
The tristate drivers are enabled when Read Decoder output line EB is low.

PARALLEL OUTPUT LATCH @ .

Output data is strobed into the Parallel Output Latch (U1040, U1060). The Parallel Output Latch
consists of an 8-bit data register (U1040, U1060) and drivers that buffer the outputs. Output data

is stored in the 8-bit data register during a 2650 write to 1/0 port EB. Write Decoder output line
EB supplies the clocking signal.

FLEXIBLE DISC STATUS BUFFER ole

The Flexible Disc Unit status lines (PBZY, PFLT, TAPE, and FLG) are terminated with a Shaping
Network (schematic 1D, lower center) and are received by the Flexible Disc Status Buffer
(U2060A). The Flexible Disc Status Buffer consists of tristate drivers (U2060A) that gate the
status bits onto the bidirectional data bus during a read to |/0 port EA. The tristate drivers are
enabled when the Read Decoder output line EA (schematic 1C, upper center) is low.

The three Flexible Disc Unit lines PBZY, TAPE, and FLG are also used as Flexible Disc Unit
controller signals. These signals are input to the Shaping Network (schematic 1D, lower center)
which consists of an RC filter and a Schmitt trigger. The Shaping Network converts the three
signals into interrupts. PBZY, TAPE, and FLG become Printer Interrupt (PNTR INT), Paper Tape
Reader Interrupt (TAPE INT), and Flexible Disc Unit Interrupt (DISC INT), respectively. The TAPE
INT signal is provided so that a high-speed paper tape reader may replace the Flexible Disc Unit.
Normally only the FLG signal is used.

Baud Rate and Timer Logic

The Baud Rate and Timer Logic will be discussed in the following topics:
o 10 MHz Oscillator

® Divider Network
® UART Clock and Number of Stop Bits
e Interrupt Timer Logic
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10 MHz OSCILLATOR

A crystal-controlled oscillator identical to that used in the 2650 Clock logic is used for the baud
rate clock and interval timer generators. The 10 MHz output of the oscillator is buffered onto the
system bus as SYS CLK (System Clock).

DIVIDER NETWORK @ .

The 38.4 kHz system | /0 clock is provided by a circuit that divides the 10 MHz oscillator output by
260 (see Fig. 3-2).

The UART (schematic 1C, center) requires clock frequencies of 16 times the available baud rates.
The 38.4 kHz output isthe clockfrequency for 2400 baud. The 38.4 kHz output is further divided
by a series of divide-by-two circuits to provide clocks for 1200, 600, 300, and 150 baud. The clock
for 1200 baud is also input to a divide-by-11 circuit, to provide the clock for 110 baud. The clock
for 150 baud (2.4 kHz) is divided down by 24 to a 10 ms interval timer clock. The 10 ms interval
timer clock is further divided down to a 100 ms interval timer clock. Both the 10 ms and the
100 ms interval timer clocks are jumper-selectable. Figure 3-2 shows the Baud Rate Clock
Divider chain.

9.984 MHz
System Clock

38.4 kHz
4 = 1/0 Clock

—-‘ 2400 Baud
+130 2 @ 2 +2 +2 M@—¢ 150 Baud

{ 300 Baud

9.984
MHz
Crystal
Osc.

{ 600 Baud

[ £ 1200 Baud

+11 4 110 Baud

+12 +2 10 msec

y——f 100 msec

2711-11

Fig. 3-2. Baud Rate Clock Divider.

3-15
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UART CLOCK AND NUMBER OF STOP BITS

The receive and transmit portions of the Universal Asynchronous Receiver/Transmitter (UART)
are clocked by the UART CLOCK line from U1160 of the UART Clock circuitry. The UART CLOCK
line operates the UART at various baud rates.

The outputs from the Divider Network (schematic 1E, center) are fed to the UART CLOCK
multiplexer (U1160). Refer to Fig. 3-2 for alist of outputs from the divider network. The frequency
selected as UART CLOCK is determined by the Baud Rate Thumbwheel Switch (S1141). The
outputs of S1141 control the multiplexer to generate the desired frequency. A truth table for the
thumbwheel switch (S1141) is shown on schematic 1E. Table 3-7 shows the baud rate for each
switch position.

In addition to selecting the baud rate, the thumbwheel switch (S1141) is used to determine the

number of stop bits used by the UART. Outputs from the switch are applied to a gating circuit

(U1150A, U1150B) to determine the number of stop bits used. The circuit also determines the
use of parity bits by the UART at different baud rates. Table 3-7 shows the number of stop bits and
the use of parity for each available baud rate.

Table 3-7
BAUD RATE THUMBWHEEL SWITCH SELECTION
AND FORMAT
Thumbwheel Baud
Position Rate START Data Format STOP

9 1m0 |s[o[1]2]3]4]s]6]rP]s"s|
8 1m0 |sfof1]2]3a]s]6]7]s s |
7 150 |s[oJ1]2]3J4[s[6[r]s |
6 300 same as 150

5 600 same as 150

4 1200 same as 150

3 2400 same as 150
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INTERRUPT TIMER LOGIC

The Interrupt Timer Logic allows the 2650 to be controlled by a jumper-selectable 100 ms or
10 msinterval timer. The Interrupt Timer consists of two up-down counters (U5130, U5120). The
counters divide the baud rate clock into 100 Hz and 10 Hz signals. See Fig. 3-2. On the low-to-
high transition of the interval timer output (TIME INT), the Timer Interrupt Flip-Flop is clocked and
the 2650 is interrupted.

Program Memory Bank Select Logic @ °
The Program Memory Bank Select Logic allows the 2650 to access Program Memory. The
System Processor accesses Program Memory by bank switching one 16K block of Program
Memory (of a possible four 16K blocks) into the System Memory 16K-32K address space. The
16K block is specified by two control bits in a system 1/0 command.

Table 3-8 shows the control bit positions in the data byte that is placed on the data bus during a
2650 'write’ operation to port ED. When /0 port ED is written to, the Write Decoder (schematic
1C, center) outputs a signal called BNK.

The 2650 address bit 14 (ADR 14) output controls the system address bus lines A14 and A15
(U3060A, U3060B), and also becomes the System/Program Memory Select line(CMEM). When
the system address is 16K or above, ADR 14 is high and enables the latched control bits onto
system address bus lines A14 and A15. Program Memory is also enabled by the CMEM output. If
ADR 14 islow, System Memory is enabled: address bus lines A14 and A15 are forced high, thus
addressing the first 16K block of System Memory.

Table 3-8

TIMER INTERRUPT AND PROGRAM MEMORY
BANK SWITCH 1/0 PORTS

Data Bits
7 6 5 4 3 2 1 0

Ports

EC

Timer B Not Used —==1 DBO

Interrupt
Write

ED

Program Memory |- Not Used ~—————=1 DB1 DBO

Bank Switch | | l l l

3-17
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Section 4

16K DYNAMIC RAM MODULE

INTRODUCTION

The 16K Dynamic RAM moduleis used as Program Memory for the 8001 and 8002A uProcessor
Labs, and as System Memory for the 8002A uProcessor Lab. The 16K Dynamic RAM module
contains 16K X 8-bit words of memory, with a ninth bit used for parity. The 16K Dynamic RAM
module can be configured for use with 16-bit microprocessors.

This section describes the following functions of the 16K Dynamic RAM module:

16K RAM Configuration

RAM Memory

Bootstrap PROM

Data and Parity Control
Address Control
Configuration Logic
Byte/Word Control

Refresh Request Logic
Operation Control and Timing

CIRCUIT DESCRIPTION

Refer to the 16K Dynamic RAM schematics while reading this text.

16K RAM Configuration @ o

The 16K Dynamic RAM module is configured for use in System or Program memory, and for
8-bit oriented processors (byte mode) or 16-bit oriented processors (word mode), through the use
of four switches and four jumpers. The functions and uses of these switches and jumpers are

given in Tables 4-1 and 4-2.

4-1
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4-2

Switch
Number

S$4163-1

$4163-2

S4163-3
J11, J12

S4163-4
J9 J10

Table 4-1

SWITCH AND JUMPER POSITIONS AND FUNCTIONS

Switch
Name

Al14

A15

Sys/Prog

HI/LO

Switch
Function

When this switch is ON, the module will respond to memory
addresses in which A14 = 1, provided all other selection conditions
are met.

When this switch is ON, the moduie will respond to memory
addresses in which A15 = 1, provided all other selection conditions
are met.

Setting this switch to the ON position configures the module for
Program Memory. Setting this switch to the OFF position configures
the module for System Memory operation. Note that for System
Memory, jumper J11 must be added and J12 deleted; for Program
Memory, jumper J12 must be added and J11 deleted.

To configure the module for byte-oriented processors, jumper J10 is

installed and J9 is deleted. For use with work-oriented processors, J9
isinstalled and J10 is deleted. J10 allows the module to work as part
of the memory pair required for word-oriented operation.

Switch S4163-4 is used only when a pair of memory modules is set for
16-bit word mode operation. If the switch is OFF, the module accepts
bits D@—D7 of the 16-bit data bus.

Setting this switch ON configures the module to serve as bits:
D8—D15 of a 16-bit data bus, when memory modules are used in pair
for 16-bit word mode operation.

Table 4-2
MODULE ADDRESS SWITCHES

Program
Memory Memory
Module Address

Switches

A15 A14

A o0 - OFF OFF

4000 —
B 7FFF OFF ON

c 8000 — .

BFFF OFF

C000 —
D FFEF ON ON
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RAM Memory @ 2

The data storage of the 16K Dynamic RAM module is accomplished by a RAM array capable of
storing 16,384 9-bit words; the ninth data bit is the parity bit. The memory is physically arranged
in four rows of 4K X 1 dynamic RAM devices, with nine devices to each row. Each of the four
rows is enabled by a Chip Enable input (CE1—CE4) from the Address Control circuitry (schematic
2B, top). Twelve address lines (A@—A11) access the RAMs.

On each of the 22-pin RAM devices, address lines AG—ADb access the 64 internal rows; lines
AB6—A11 address the 64 columns. Towrite, read, or refresh arow of devices, the respective Chip
Enable signal (CE1, CE2, CE3, or CE4)is appliedtothe CE Clock input of each RAM device in that
row.

Bootstrap PROM @ ®

The 16K Dynamic RAM module has the capacity to contain 256 bytes of PROM (Programmable
Read Only Memory). When the module is used for 8002A System Memory, a 1702A PROM
device is inserted in socket U6010. The PROM overrides the first 256 bytes of RAM address
space, and is enabled when the System/Program switch (S4163-3, schematic 2A, lower left) is
in the System position. (See Table 4-1.) The PROM contains the bootstrap routine to load
TEKDOS from flexible disc into System Memory and to initialize the uProcessor Lab system at
power-up or system reset. The PROM is used only for 8002A System Memory.

For 8002A System Memory modules, the PROM Address Decoder (U2100, schematic 2B, left)
decodes PROM ADRto operate the PROM memory. PROM ADR is produced when A8—A15 and
CMEM SW are all low.

Address lines to the PROM (A@—A7) are run directly from the system address bus, through the
PROM address buffers (U6030 and U6040), tothe PROM (U6010). These lines are separate from
the RAM address lines (AD@—AD11), which go through the Address Control circuitry. PROM
address lines are designed this way to allow refresh addressing of the RAM while the PROM is
being accessed. The RAM may be refreshed at this time because Chip Enable (CE) is not in use.

When this module is used as System Memory, data from the Bootstrap PROM isread through the
data output registers. The PROM Access one-shot multi-vibrator (U3170A, System Request
Logic, schematic 2A, center) controls Read Strobe (RDSTR) to clock the data registers.

Data and Parity Control @ :

Datato and from the 16K Dynamic RAM module is routed and checked for parity by the Dataand
Parity Control circuitry.
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DATA WRITE

The memory module receives data lines D@—D15 from the system data bus (labeled P1 on
schematic 2C). These lines are received and buffered by tristate transceivers U4120 and U5120
(for lines DG—D7) and U4130 and U5130 (for D8—D15). Only lines D@—D7 are used with byte-
oriented emulator processors. D8—D15 are used when two memory modules are used in pair for
16-bit word-oriented emulator processors.

In word (16-bit) mode, one module is designated as the low-byte module (bits D&—D7), and the
other as the high-byte module (bits D8—D15). In byte mode, or for the low byte of word mode, the
buffers for D@—D7 are enabled by the Write Low signal (WH) to receive data from the data bus.
The buffers for DB—D15 are enabled to write data by Write High (WH).

Data from the bus is stored in the data registers (U4110 and 5110). It is then clocked by Write
Data Strobe (WDSTR) to the Data In (DIN) inputs of the RAMs. When the RAM receives Write
Enable (WE) signal (from the Timing Generator on schematic 2A), the data is written into the
selected memory address. As data leaves the registers, even parity is generated by the parity
generator (U3110, schematic 2C, upper left) and is stored in the ninth bit (parity) of the selected
row of RAM. The parity RAMs are U1080, U2080, U3080, and U4080.

DATA READ

Data is read out of memory when the desired row of RAM is enabled. When the array is
addressed, the selected data is read into the output registers (U4140 and U5140, schematic 2C,
right). Upon receipt of Read Data Strobe (RDSTR from schematic 2A, right), data is latched from
the output registers to the four data bus buffers (U4120, U5120, U4130, and U5130, schematic
2C, left). The data is put on the data bus either through data lines D@—D7 (low byte or lines
D8—D15 (high byte). If the module is configured for byte mode operation or low byte of word
mode, Read Low (RL from Byte/Word Control on schematic 2A) enables the buffers for lines
D@—D7 (U4120 and U5120). Read High (RH) causes data to be placed on the bus through lines
D8—D15 (U4130 and U5130) when the module is configured for the high byte of word mode.

When data is read out of the data output registers (U4140 and U5140), its validity is checked by
the parity checker (U3140, schematic 2C, right). Even parity denotes valid data. When parity is
foundtobe odd, an error signal is sent from the parity checker to the parity error detector (U2110
schematic 2C, lower right). If there is a parity error, the error detector (U2110) issues a parity
interrupt (PARITY INT) signal when the detector is clocked by Parity Strobe (PARITY STR from the
Timing Generator, schematic 2A). Parity interrupt signals are received by interrupt decode
circuitry (U4170, U5170, schematic 2C, bottom), which sends a Master Interrupt 1 in System
Memory operation, or a Master Interrupt 3 in Program Memory operation. The PARITY INT flip-
flopis reset whenthe proper | /0 vector (address 0002 or 0006) appears onthe data bus during a
Master Interrupt Acknowledge (INTACK). The l/0 decoder output (U3120) and RESET combine to
reset the parity error detector (U2110).
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Address Control @ :: .

The Address Control circuitry controls address lines AG—A15 to accomplish module selection
and byte/word shifting, and provides refresh cycle addresses for the 16K Dynamic RAM module.
Chip Enable lines CE1—CE4 are generated with this circuitry.

8-BIT OPERATION
In byte mode operation, address lines AG—A15 have the following functions:

A14 and A15 selectthe module. (Up tofour Program Memory modules may be present
in the uProcessor Lab.)

A12 and A13 select one of the four 4K X 9-bit rows of RAM on the specified module.
Ad and A11 select addresses within the specified 4K X 9-bit row.

Address lines A14 and A15 are sent to a multiplexer (U5100). The multiplexer output is used for
module selection in the Module Configuration Logic (schematic 2A, left center).

Address lines A12 and A13 are output from a multiplexer (U1090)as N1 and N2, and aresenttoa
decode and driver circuit (U1100, U1120, and U1110) which provides the four Chip Enable
signals (CE1—CE4).

For normal byte mode operation, address lines AG—A11 are taken from the bus to the address
inputs of the RAMs.

16-BIT OPERATION

When a 16-bit word-oriented emulator processor is used, two Program Memory modules are
required. One module of the pair is configured to store the lower eight bits of the 16-bit word (low
byte). The other module is configured to store the upper eight bits (high byte).

The modules are configured as high or low byte by switch S4163-4 of each module (as explained
inTable 4-1). The address lines for word mode operation are the same as for byte mode operation.
Table 4-3 shows module addressing in word mode.

If memory has been configured for 16-bit word operation, and is then accessed by an 8-bit byte-
oriented processor, the modules of the word pair are addressed in alternating fashion (see Table
4-3). Both modules access only the low data byte. Alternation between modules of the word pair
is designated by a HI/LO bit enabling either the high-byte module or the low-byte module. For
byte-oriented access of a word pair, Ad is used as the HI/LO bit instead of being used as an
address bit. To use A@ as the HI/LO bit, all address lines must be shifted down. The shift is
performed by the address multiplexers (U1090, U2090, U3090, U4090, and U5090). The shift
occurs when the address multiplexer receives the signal combination (WD ACCESS +
WDMEM) - RUN at U2140. A1 becomes AD@ (A@), A2 becomes AD1 (A1), etc. A@ becomes the
HI/LO bit, alternating the addressing between modules. During a front panel access, no address
line shift takes place; A15, rather than A@, is used for high/low byte selection.
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Table 4-3
MODULE ADDRESSING IN WORD MODE
16-Bit Emulator Processor 8-Bit Emulator Procassor
Data Data
LO Module & HI Module LO Module HI Module
0 15 0 7 8(0) 15(7)
0000 0000 0001
A 0001 0002 0003
D
D 0002 0004 0005
R
E 0003 0006 0007
S
S 0004 0008 0009
0005 000A 000B

SIX-BIT REFRESH ADDRESS MULTIPLEXER @ ole

The RAMs must be refreshed sufficiently often to keep stored data valid. One row address of each
individual RAM device must be refreshed every 31.25us; all six row addresses must be refreshed
within a 2 ms period. The Refresh Request logic insures that sufficient refresh cycles occur. A
six-bit refresh multiplexer, consisting of U3090, U4090, and U5090, accesses the six row
addresses of the RAM devices torefresh them. During the refresh cycle, normal address lines to
the RAMs are inhibited. Figure 4-1 shows Refresh timing relationships.

Refresh Request Logic @ °

When refresh begins, REF OP (from Refresh Request Logic, schematic 2A) strobes U1090 and
U2090; this inhibits addresses A6—A1 1. The six-bit Refresh Address Multiplexer (schematic 2B)
is shifted by SYS OPto provide addresses from the Refresh Address Counter (U3100 and U4100).
The refresh counter increments after each refresh cycle to assure that all rows have been
addressed within a 2 ms period. All four Chip Enable lines, CE1—CE4, are activated when the
Chip Enable driver (U1110) is reset by SYS OP.

SYSTEM MODE REFRESH REQUEST

Every 26 us, the 1/0 CLOCK rising edge clocks the Refresh Pending flip-flop (U3160B). The falling
edge of |/0 CLOCK triggers the 20 us Refresh one-shot multivibrator (U3170). The falling edge of
the following OPREQ causes the Refresh Request flip-flop (U3160A) to issue the refresh request
tothe Operation Control logic. When the present memory cycle is finished, the Operation Control
flip-flop (U2170A) is clocked, issuing REF OP to activate RAM refresh. If OPREQ does not occur
within 20 us of the 1/0 CLOCK, the 20 us one-shot will unconditionally cause a refresh request
and begin the RAM refresh cycle.
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jg— 25 usec ‘b'
J’(

1/0 Clock —I—J

Ref
Pending FF _J

20 usec O.S. __|
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Refresh
Request FF

Operation FF

Pulse FF l |
|——— 460 ns -
BUSY (OPINH) ]
Chip Enable (CE) / \

*1f no RFSH NW falling edge REF REQ set on trailing edge of 20 usec
one shot.

2711-12

Fig. 4-1. 16K Dynamic RAM Refresh Operation.

PROGRAM MODE REFRESH REQUEST

For Program Memory modules, the rising edge of /O CLOCK sets the Refresh Pending flip-flop
(U3160B), and the falling edge of /O CLOCK triggers the 20 us Refresh one-shot multivibrator
(U3170). For Program Memory, jumper J11 is disconnected from the refresh request flip-flop
(U3160A) and jumper J12 is connected to the clock input (see Table 4-1). J12 allows RFSH NW
(Refresh Now) to clock the refresh request flip-flop. RFSH NW is a signal from the emulator
processor, indicating that the processor will not need the bus and that there is time for a refresh
cycle. When RFSH NW occurs, a refresh request is sent to the Operation Control circuitry. As
soon as the present memory cycle is finished, the Operation Control logic clocks the Operation
Control flip-flop (U2170A), causing REF OP to activate chip refresh. If RFSH NW does not occur
within 20 us of 1/0 CLOCK, the 20 us one-shot will unconditionally cause a refresh request. The
refresh will begin as soon as the present memory cycle is completed. Refresh is not seen by the
emulator or by the System Processor.

4.7
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Operation Control and Timing Generator @ e

The Operation Control circuitry receives system access requests and refresh requests, resolves
contention between these requests, and generates all timing signals for write, read, andrefresh
operations.

Operation Control receives system and refresh requests through U2160. Because of the
importance of refresh, a refresh request has priority over a system request, and therefore
controls the state of the operation control flip-flop (U2170).

Read, Write, and Refresh timing signals are created by the Timing Generator circuitry. Whenthe
Operation Control logic accepts a system or refresh request, it sets the AD STR flip-flop (U1160);
this sends a low-going signal down the 200 ns delay line (DL1140). At the end of the 200 ns
delay, the low-going signal resets the AD STR flip-flop, and a positive-going signal is sent down
the delay line. In this way, the 400 ns required for the memory cycle is derived. The timing pulses
for Read, Write, and Refresh operations are taken from taps along the delay line, through logic
gates, and through a multiplexer (U2130) which provides the required timing. The Write flip-flop
(U2170B) controls the multiplexer to provide either Write or Read timing. During refresh, timing
signals are inhibited by applying REF OP to the gating input of the multiplexer.

The following paragraphs explainthe activities of the Operation Control logic in Read, Write, and
Refresh modes.

READ
Figure 4-2 shows the memory Read timing relationships.

When the module is selected, a System Pending signal will be produced when the next OPREQ
clocks the System Pending flip-flop (U2150B). System Pending allows HOLD to be produced.

The System Pending flip-flop (U2150) directly resets the System Request flip-flop (U2110).
U2110 immediately issues a System Request signal to the Operation Control logic. Unless a
refresh is pending, the system request is gated through to clock the Write (U2170B) and
Operation (REF OP, U2170A)flip-flops. Bus line R/W instructs the Write flip-flop to set the timing
multiplexer (U2130) to select Read operation outputs when clocked. The system request also sets
the AD STR flip-flop (U1160). After an 80 ns delay, the Chip Enable flip-flop (U2150A) is clocked
to output CE for 240 ns. Memory data is sampled (RDSTR) and HOLD is reset 220 ns into the
cycle; this tells the system that data is valid.
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Module Selected __J | I
OPREQ _’1 %_
Sys Pending FF (HOLD) 1 '
?peratior)l FF “
REF OP
! j——— 200 ns ———] |
Pulse FF
(AD STR) ]
400ns — g
Busy (OPINH)

Chip Enable (CE) ____/<_ 240 ns ———l\

Read Data Strobe (RDSTR)

Parity Strobe (PAR STR)

Tristate

Data Out

|<— Total Access Time —‘———.|
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Fig. 4-2. 16K Dynamic RAM Memory Read Operation.

WRITE
Figure 4-3 shows the memory Write timing relationships.

Inthe Write mode, OPREQ clocks the System Pending flip-flop (U2150B); this allows HOLD to be
generated. Although the Write command is on the bus (R/W), no system request is issued until
WRP is received, indicating valid data. When WRP is received, the System Request flip-flop
(U2110) is set, producing a system request. The system request will clock the Write and
Operation (REF OP) flip-flops. Bus line R/W provides the conditions for the Write flip-flop
(U2170B) to output a Write signal. The Write signal from the Write flip-flop will instruct the
timing multiplexer to select the Write operation outputs.

System Request also sets the AD STR flip-flop (U1160), thus starting the timing sequence. Chip
Enableis generated and data is sampled (WD STR) 40 ns into the cycle. Write Enable is generated
80 nsintothecycle. Because the write data is stored and the memory chips store the address, the
HOLD signal is reset early in the cycle, allowing the processor to proceed.
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Fig. 4-3. 16K Dynamic RAM Memory Write Operation.

REFRESH OPERATION
Refer back to Fig. 4-1 for the memory Refresh timing relationships.

A refresh cycle begins when the /0 CLOCK leading edge triggers the 20 us Refresh one-shot
multivibrator (U3170). The Refresh Pending flip-flop (U3160B) is clocked by the trailing edge of
I/0 CLOCK, thus generating Refresh Pending. The next RFSH NW (OPREQ for System Memory
modules) will clock the Refresh Request flip-flop (U3160A) to produce a refresh request to the
operation control. If RFSH NW (Program Memory) or OPREQ (System Memory) does not occur
within 20 us, the 20 us one-shot (U3170) will unconditionally set a Refresh Request. The 20 us
one-shot insures that a refresh cycle occurs every 26 us. As soon as the memory completes its
present cycle, the refresh request will set the AD STR flip-flop (U1160), and clock the Operation
Control flip-flop (REF OP, U2170A) to output a REF OP. REF OP will inhibit the timing multiplexer
(U2130 in the Timing Generator, schematic 2A, right), assuring that no Read or Write timing
signals will be output during refresh. REF OP also switches the Address Control to the refresh
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address mode and enables all four CE lines. At 320 ns into the 400 ns cycle, the Operation
Control (REF OP, U2170A) and Refresh Request (U3160A) flip-flops are reset to allow address
set-up time for a system request.

Configuration Logic @ .

Module Configuration logic designates the standard 16K Dynamic RAM module as either System
or Program Memory. In Program Memory mode, Module Configuration logic additionally
designates the module address and detects module addressing from the emulator or from the
System Processor.

The module is selected as either System or Program Memory by setting two jumpers (J11, J12)
and one switch(S4163-3). Thetwo jumpers, J11 and J12, select the clock(OPREQ or RFSH NW)
for the Refresh Request flip-flop. (See Table 4-1.)

When the System/Program switch (S4163-3) is in the System position (open), the Bootstrap
PROM circuit is enabled. The PROM Access one-shot (U3170), triggered by OPREQ, is activated
by the System/Program switch to produce PROM CS.

In Program Memory, up to four memory modules may be used. Each module is given an individual
address by the programming switches S4163-1and S4163-2. S4163-1 and S4163-2 allow A14
and A15 to control the enabling of the four memory modules. (See Tables 4-1 and
4-2).

Byte/Word Control @ o0

Byte/Word Control circuitry is used to configure the modules for either byte-oriented or word-
oriented emulator processors. Byte/Word Control circuitry controls the address line shift, data
line selection, and HI/LO byte module selection.

To set up the module for word-oriented emulators, jumper J9 is installed. The HI/LO switch
(S4163-4) designates the module as high or low byte of word pair.

Data bus buffers are selected and enabled by the data buffer control (U1120B). When bus line
WD ACCESS goes low, signalling access by a word-oriented emulator, the high-byte module data
bus buffers (D8—D15) will be enabled by WH or RH, depending on whether bus line R/W ignals
aRead or Write operation. The low-byte module data bus buffers (D@—D7) are enabled by WH or
RL. These enabling signals are the inverted result of the data buffer control (U1120) outputs WH,
RH, and RL.

System bus line R/W enables the data bus control to output either Read enables or Write
enables. In word mode, WD ACCESS and the HI/LO switch determine if the control will enable
high or low byte buffers. Only RL and WH are generated for byte mode operation. RH and WH are
generated only during word mode to enable the high-byte buffers. During some operations, both
the read and write buffers will be enabled at the same time.

4-11
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Inword mode, when aword pair is accessed by a byte-oriented emulator, WD ACCESS will not be
present, indicating byte access. Only one module of the word pair will be accessed at a time, in
alternating fashion as shown in Table 4-3.

9900 WORD MODE HARDWARE MODIFICATION

This hardware modificationis only to be performed on those memory modules to be usedin word

mode with the 9900 Emulator Processor. Once the modules have been modified, byte-oriented

processors can still be used, provided both memory modules are used together. In that case, the
modified modules are accessed by reading from or writing to each one alternately.

Refer to Fig. 4-4 for the locations of the following runs.

Modification Procedure:

Cut runs to pins 1 and 2 of U5150.

Cut run to pin 12 of U4170.

Cut jumper J10 (located between U5150 and U5160).

Connect jumper between pins 2 and 4 of U5150.

Connect jumper between pin 1 of U5150 and pin P1-80.
Connect jumper between pin 3 of U5150 and pin 12 of U4170.
Connect a 560-ohm resistor between pins 3 and 14 of U5150.

Noo,swd =



——
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Run on Bottom

Side of Board

2393-6

Fig. 4-4. Program Memory—9900 Word Mode Modification.
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Section b

SYSTEM COMMUNICATIONS

INTRODUCTION

The System Communications module provides two services to the 8001/8002A uProcessor
Labs: external RS-232-C I/0 communications, and Memory Mapping.

Three external I/0 ports are controlled by the System Communications module. Each /0 port is
connected to an RS-232-C compatible connector on the rear panel of the uProcessor Lab. Each
port also has a specific device assignment. Table 5-1 shows a list of the connectors and their
assignments. For a more complete description of the RS-232-C connectors, see the
8001/8002A uProcessor Lab Installation Guide.

Table 5-1
JACK AND DEVICE ASSIGNMENTS
e LA i Davies Dserption
J101 REMI* . REMO* Communications Modem
J102 —_— LPT1* Line Printer
J103 PPTR* PPTP* Paper Tape Reader/Punch

*Software device name.

Memory mapping allows the user to define active address space as being either in Program
Memory (within the uProcessor Lab), or prototype memory, or some combination of the two.

For our discussion, the System Communications module can be divided into three functional
elements:
o System 1/0 functions

e External 1/0 functions
o Memory Mapping functions
Refer to the schematic diagrams at the back of this manual while reading the following text.

SYSTEM 1/0 FUNCTIONS

Recall that each module inthe uProcessor Lab is controlled by the System Processor module. The
System 1/0 functions allow the System Processor to control the operation of the System
Communications module.

51
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The following circuitry is involved in the System 1/0 functions:

o |1/0 Decoder Logic
® Address Bus Buffer
e Control Bus Buffer

1/0 Decoder Logic

The 1/0 Decoder logic allows the System Communications module to be accessed through its
system |/0 ports by the System Processor module. The System Communications module is
assigned 1/0 addresses FO—FF, although only F9—FF are used. See Tables 5-2 and 5-3.

Table 5-2

1/0 DECODER ENABLE CHART

System System
Inputs Control Bus Lines Address Bus Lines
1/0 Decoder Logic Enabling Inputs
—_— — MSTR — J— J— — — — —
Outputs WRP | RAW | sgn | WMno |OoPREG| A3 | A7 A6 A5 A4
sg"“ x x 0 1 0 0 0 0 1 1
Emulator
Run X x 1 0 X x X x X X
1
‘:VRP 0 X X x X x X X X X
:I/.:N x 1/0 x x x X x x % x

x: don't care

1: high

0: low

The logic shown for the
outputs is the enable state

Thel/0 Decoder is basically alarge AND gate (see schematic 3A, left center). When all the inputs
of U3040 are high, the output goes low, indicating that the System Communications module has
been selected by the System Processor for operation.

All the inputs to U3040 are constantly enabled from the uProcessor Lab bus. A4—A7 indicatethe
170 address range being selected (F9—FF) by the System Processor. A13 is another address
range indicator generated by the System Processor. The control lines (OPERQ, M/10, and MSTR

RUN) allow the System Communications module to be sure that the System Processor is running,
and performing an 1/0 operation.
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When low, the SELECT output of U3040 indicates that the System Communications module has
been activated by the System Processor. SELECT is used in both the External I/0 functions and
the Memory Mapping functions of the System Communications module. The Memory Mapping
functions are explained later in this section.

When high, the output of U2060inthe /0 Decoder logic indicates that an1/0 operationis notin
progress and that the Memory Mapping function can be used by an emulator processor.

Table 5-3
170 DECODER LOGIC
1/0 PORT ENABLE LOWER ORDER ADDRESS BITS
1/0 o . — — — —
Address utput Function AO A1 A2 A3
PS1 Modem
FAFB 0 AGIA x 0 1 0
J— Line
FC,FD PS2 Printer X 1 0 0
0 ACIA
Paper
ot Tape
FEFF PS3 Reader/ x 0 0 0
Punch
ACIA
MEM MAP Memory
F9 0 Map 0 1 1 0
(]
Address Bus Buffers

The Address Bus Buffers (U4040, U3050) control the admission of address lines A6—A15 from
the uProcessor Lab address bus to the System Communications module internal address bus.
A6, A7, and A13 are constantly enabled. AB—A12, A14, and A15 are enabled only when the
System Communications module is performing a Memory Mapping function. Memory Mapping
is discussed in detail later in this section.

Control Bus Buffers @ 0

The Control Bus Buffers (U4070 and U4080) are constantly enabled. Their outputs are used in
both the |/0 Decoder logic and the Memory Mapping Control logic.
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EXTERNAL 1/0 FUNCTIONS

The External 1/0 functions control information flow between the System Communication
module’s three external 1/0 ports and the rest of the uProcessor Lab. Basically, external I/0
communications are handled by three Asynchronous Communication Interface Adapter (ACIA)
devices and their control logic. For this discussion, the External 1/0 functions will be divided into
these major segments:

1/0 Port Decoder

Bidirectional Bus Control Logic

Bidirectional Bus Drivers

Baud Rate Logic

Baud Select Logic

ACIlAs

ACIA Read/Write Clock

I1/0 Port Decoder @ e

U2040 within the |/0 Port Decoder logic is used in conjunction with the Memory Map Control
logic (schematic 3A, center). Recall that when the System Processor accesses internal 1/0
addresses FO—FF (see Table 5-2), the |/0 Decoder logic (U3040, schematic 3A) asserts the
SELECT line. If the Internal /0 address accessed is F9, U2040 comes into use. F9is the internal
1/0 address that indicates a Memory Map operation. AO—A3 are constantly enabled from the
uProcessor Lab bus. When the bit pattern of AO—A3 indicates a hexadecimal 9, U2040
generates the MEM MAP signal. MEM MAP is used in combination with SELECT to enable the
Memory Mapping function. Table 5-2 illustrates the bit pattern for an access to F9 through FF.

U2030 is a BCD-to-decimal converter. Its function is to select one of the ACIA devices for
operation. Depending upon the bit pattern of AT—A3, either PS1, PS2, or PS3 will be asserted,
enabling the port 1 ACIA (U2100), the port 2 ACIA (U2120), or the port 3 ACIA (U2130).

U2030 and U3060 detect any access to ports FA—FF. As can be seen in Table 5-2, each ACIA
device hasits own set of internal | /0 addresses. Any /0 access to ports FA—FF will resultinone
of the three ACIAs being enabled.

To summarize, the | /0 Port Decoder tells the rest of the System Communications module when
one of the ACIAs is being accessed by the System Processor or when Memory Mapping
operations have been selected.

Bidirectional Bus Control Logic @ -

The Bidirectional Bus Control logic directs data either from the uProcessor Lab data bus to the
ACIAs, or vice versa. The NORed combination of PST—PS3 and MEM MAP at U2040 indicates
that one of the external | /0O ports is being accessed. The output of U2040is connected to U2070.
When the System Communications module is selected (SELECT is low), and the external 1/0
ports are being enabled (the output of U2040 is low), the system R/W line controls the direction
of data flow through U4050 and U4060 (the Bidirectional Bus Drivers). WhenR/Wis low, datais
transferred from the ACIAs to the system data bus. When R/W is high, data is transferred from
the system data bus to the ACIAs.
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Bidirectional Bus Drivers

The Bidirectional Bus Drivers (U4050, U4060) control the data flow to and from the AClAs. Active
control is provided by the Bidirectional Bus Control logic (see the preceding discussion).

Baud Rate Logic @ 0
The baud rate clocks for the ACIA devices are supplied by the Baud Rate Logic. The Baud Rate

Logic can supply the following baud rates to the ACIAs:
2400 baud

1200 baud
600 baud
300 baud
110 baud

The Baud Rate Logic is basically a clock divider with five different frequency taps. The ACIA
devices on the System Communications module require that the receive and transmit input
frequencies(at pins 3 and 4) be 16 times the actual baud frequencies. For example, to produce a

baud rate of 2400 baud, the input clock frequency must be 16 times that value, or 38.4 kHz
(16 X 2400 = 38,400). A simplified block diagram is shown in Fig. 5-1.

uProcessor Prototype
Lab Memory
Memory

Emulator

Protot
Processor rototype

Data Bus

uProcessor
Lab Data Bus

Data Bus

Data Bus
Selector

!

Fig. 5-1. Memory Map Functional Control.
The source of the baud clockisthe 10 MHz System Clock(SYS CLK) from the uProcessor Lab bus.
The 10 MHz clock is fed to a divide-by- 130 network (U4110, U4120)to produce a 76.8 kHz clock.
The 76.8 kHz clock happenstobe 16 times the 2400 baud rate, and therefore is used as the 2400
baud clock.
The 76.8 kHz clockis alsofed to an up-down counter (U3130). The up-down counter provides all

2711-15
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the baud clock frequencies, except the 110 baud clock. The 110 baudclock(1.76 kHz) is produced
by U4130.

Baud Select Logic @ 0
The Baud Select logic is basically a series of wire jumpers that allow the user to select baud rates
for each individual ACIA device.

The baud clocks generated by the Baud Rate Logic are fed to one side of a set of wire jumpers. The
user can select the transmit and receive baud rates for port 1 (U2100) and for port 2(U2120). The
port 3 transmit and receive clocks are selected individually. .

ACIAs @ .
Three Asynchronous Communication Interface Adapter (ACIA) devices are located on the
System Communications module. A simplified block diagram of the ACIA is given in Fig. 5-2. All
three are RS-232-C compatible; however, each is configured to work with a specific device. The
Modem ACIA (U2100) is configured to work best with a modem for telephone data
communication. The Line Printer ACIA (U2120) will work best with a line printer. The Paper Tape
Reader/Punch ACIA (U2130) works best with a paper tape reader/punch.

Address Value
(Decimal)

Address Lines

A15

A14

A13

A12

A1l

A10

A9

A8

A7
MEM MAP

SETECTED O I S
RESET L

2711-16

Fig. 5-2. Memory Map Address Logic Timing.
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The ACIA can be viewed as a complex parallel-to-serial converter. Each ACIA externally
transmits and receives data serially. When data is transmitted, the byte structure is as follows:
one start bit, eight data bits, and one stop bit. Any additional stop bits received by the ACIA are
ignored, and no parity bits are used. For a detailed description of the ACIA devices, refer to the
appropriate manufacturer’s literature.

Each ACIAis connected to its own RS-232-C jack at the rear panel of the uProcessor Lab(see Fig.
5-3). Jack J101 is usually connected to amodem. Jacks J102 and J103 can be connectedto aline
printer and paper tape reader/punch, respectively.

@\':::::J:?g::':: Jo @\:'::::J:‘g:.:'::.]]@ ?

J102

NST FIRE HAZARD,
D RATING OF FUSE. @@

‘ING TO QUALIFIED ®
\0CK, DISCONNECT ®

‘HANGE LINE
\AL.

271117

Fig. 5-3. 8001/8002A uProcessor Lab RS-232-C 1/0 Ports.
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Two of the three Chip Select inputs (CS0and CS1) on each ACIA are constantly enabled. The third
input (CS2) is used to select one of the ACIAs. Recall that the |/0 Port Decoder (schematic 3B,
upper left corner) detects when the System Processor is accessing one of the external /0 ports.
The outputs of the 1/0 Port Decoder (PS1, PS2, PS3) indicate which ACIA is being selected. PS1
selects the Modem ACIA, PS2 selects the Line Printer ACIA, and PS3 selects the Paper Tape
ACIA.

Allthree ACIAs are enabled at once by the ACIA Read/Write Clock (discussed later). Read/write

control for each ACIA is provided by the R/W control line from the uProcessor Lab bus. When a
read is selected by the R/W line, a pair of registers within the ACIA (receive data register and
control register) are enabled. However, both registers cannot be used simultaneously. Therefore,
the AO line from the system address bus is used to select the proper register. ACIA register

addressing is shown in Table 5-4.

Table 5-4
ACIA REGISTER ADDRESSING
ACIA ACIA
REGISTER MODEM LINE PRINTER PAPERTl;AL:’hEICILEADER/
1/0 PORT R/W
1 Status R.
FA
0 Control R.
1 Receive Data R.
FB
0 Transmit Data R.
1 Status R.
FC
0 Control R.
1 Receive Data R.
FD
V] Transmit Data R.
! Status R.
FE
0 Control R.
1 Receive Data R.
FF
0 Transmit Data R.
ACIA Read/Write Clock @ .

The ACIA Read/Write Clock circuitry has the responsibility of enabling the ACIAs long enough to

ensure that data will remain stable while being written to or read from the uProcessor Lab data
bus.
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The ACIA Read/Write Clock basically consists of a dual one-shot multivibrator (U3080), and an
RS flip-flop (U3070, U2080). U3080B, when triggered, has a pulse width of 120 ns. U3080A,

whentriggered, has a pulse width of 600 ns. These two pulses satisfy the timing requirements of
the ACIAs and the System Processor.

The read/write operations of the ACIA devices will be discussed next, in order to more fully
explain the operation of the ACIA Read/Write Clock and the ACIA.

ACIA WRITE

Recall that when the System Processor accesses internal |/0 ports FO—FF, the |/O Decoder
Logic output SELECT (schematic 3A, left center) goes low. SELECT, in combination with PS1,
PS2, or PS3, clocks both one-shots of U3080. At the same time, SELECT resets the RS flip-flop
(U3070).

When U3080A is clocked by SELECT, its Q output goes low, generating a System Processor
HOLD. U3080A will maintain HOLD for 600 ns. At the same time the Q output of U3080A is

NANDed together at U2080 with the Q output of U3080B. At the end of the 120 ns pulse from

U3080B, U2080 generates a pulse that sets the RS flip-flop (U3070). When the RS flip-flop is set
(120 ns after SELECT was applied) its output goes high, allowing data to be written into the
selected ACIA when the HOLD is removed.

When HOLD is removed (600 ns following SELECT), the System Processor causes the system
bus line WRP to go low. The system R/W and WRP lines are NANDed together (U3070,
schematic 3A, MEM MAP control logic). The output of U3070 is called WRITE. WRITE resets the
RS flip-flop (U2060), ending the ACIA write operation.

ACIA READ

All operations performed in an ACIA write are performed in an ACIA read, with the exception of
resetting the RS flip-flop. When an ACIA read operation is completed, SELECT goes high. This
action resets the RS flip-flop.

MEMORY MAPPING FUNCTIONS

Memory Mapping involves both Program Memory and the memory in a prototype system.
Memory Mapping is used in the manner described below. Refer to Fig. 5-4.

Suppose that a program had been writtenfor a prototype microprocessor-based system and had
been stored in the memory of the prototype. Let's assume that a problem was found in the
program and that a portion of the program had to be corrected or revised. Memory Mapping
allows that portion of the program to reside in Program Memory in the uProcessor Lab. When
program execution begins, the prototype will operate out of its own memory until the program
area is reached. At that time, execution will switch to Program Memory for the duration of the
revised portion of the program, then switch back to prototype memory.

5-9
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EXPANDED BLOCK DIAGRAM
T it Clock 4 =1 Clock Parity
Enable 14 -—' Gen Gen
Read/Write 13 Chip ; J
Chip Select 0 8 —={ Select Transmit Transmit
Chip Select 110 —=]  and Data Shift = 6 Transmit Data
Chip Select 2 9 —={ Read/Write Register Register
Register Select 11 —a=1 Control
1 Transmit
Control j———— 24 Clear to Send
D0 22 ———i < -
D121 ] Register '
D220 ] —
I":g;pt —= 7 Interrupt Request
D319 <a—s={ Data
Bus e
D418 —=-= Buffers \ 4 23 Data Carrier Detect
D5 17 <t
D6 16 ~a—a - 5 Req to Send
D7 15 i Control V
Register
_ Receive Parity
Control Check
Vpp Pin12 Recsive Receive
Vgg Pin1 Data Shift 2 Receive Data
Register Register
Clock Sync
Receive Clock 3 o] Gen [ Logic
2711-18

Fig. 5-4. ACIA Block Diagram.

The Memory Mapping functions of the System Communications module permit this switching
operation to occur. The Memory Mapping functions can be divided into the following blocks:
e Memory Map

e Memory Map Control Logic
e Memory Map Address Logic

Memory Map
The Memory Map consists of two 256 X 1-bit RAM devices, for a total of 512 bits of storage. The
Memory Map is used in the following way: The largest amount of Program or prototype memory
allowed by the uProcessor Lab is 64K X 8 bits. Those 64K bytes of addressable space can be
dividedinto 512 blocks of 128 bytes each. Each of the 128-byte blocks can be represented by one
bit in the 512-bit Memory Map.

Therefore, one bit in the Memory Map can be used to define each of the 512 blocks as coming
from Program Memory or prototoype memory.
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Onthe 16-bit address bus, A7—A15 define the 512 blocks of address space, each containing 128
bytes of memory. Lines AO—AG6 define a particular byte within a 128-byte block of address space.
For this reason, lines A7—A15 are tied to the address inputs of the Memory Map RAMs. This
configuration allows the Memory Map to store one bit defining each 128-byte block. The Memory
Map is written to initially by the System Processor to define each block as coming from Program
Memory or prototype memory. When the Emulator Processor is executing a program, the
Memory Map is constantly being read, supplying the Emulator Processor with the correct
memory source for each 128-byte block.

Memory Map Control Logic 3

Memory Map Control Logic controls the Memory Mapping functions of the System
Communications module. When the System Communications module is accessed by the System
Processor, the SELECT line from the 1/0 Decoder Logic goes low. If the internal 1/0 address
accessed by the System Processor is F9, the MEM MAP line (from the 1/0 Port Decoder on
schematic 3B) also goes low. The combination of SELECT and MEM MAP is NANDed together by
U2060 to produce MEM MAP SELECT. MEM MAP SELECT is used in several enabling circuits.

For example, when the user enters MAP R on the system terminal, MEM MAP SELECT is

NANDed at U3070 with the system bus line R/W. The result is RAM RD. RAM RD enables
U4080, allowing the outputs of the Memory Map RAMs to be placed on the system data bus line
DO. In this way, the System Processor can display the contents of the Memory Map RAMs.

MEM MAP SELECT is also usedto enable the Address Bus Buffers (schematic 3A, upper left). The
buffers transfer data from the system address bus onto the Memory Map RAM address bus.

MEM MAP SELECT is also usedinthe RESET circuitry. RESET is generated by U3060 within the
Memory Map Control Logic. When MEM MAP SELECT is high, and the System Processor
initiates an internal 1/0 write to F9, RESET is generated. RESET is used in the Memory Map
Address Logic and by the Memory Map RAMs.

5-11
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512

Memory Map Address Logic >

Notice on schematic 3A that the Memory Map RAMs can receive addresses from one of two
places: from the uProcessor Lab System bus (via the Address Bus Buffer) or from the Memory
Map Address Logic. Both the System Processor and the Emulator Processor access the Memory
Map RAMs, but in different ways. Figure 5-5 shows Memory Map Address Logic timing.

4800 x 16 = 76.8 kHz
10 MHz ———————— +130

Baud Rate x 16

+2 }———= 2400x 16

+4 }—@——s 1200x 16

+8 = 600 x 16

+16 & 300 x 16

+11 |-
— 110x 16
2711-19

Fig. 5-5. Baud Rate Logic.

When the System Processor loads the Memory Map into the RAM devices, it starts at RAM
addresses 00 and continues to RAM address FF. The actual addressing is not performed by the
System Processor, however. The Memory Map Address Logic provides the addresses. The same

situation occurs when the System Processor reads the Memory Map. The Memory Map Address
Logic sequentially provides the RAM addresses. '

Two up-counters provide the addresses. When the System Processor reads or writes to the
Memory Map RAMs, it accesses |/0 address F9. When F9 is accessed, the RESET line from
Memory Map Control Logic is forced low. RESET initializes two up-counters (U4010, U4020). At
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the same time as RESET is forced low, MEM MAP SELECT is forced low. Notice that MEM MAP
SELECT is inverted, then fed to address bus buffer U3020, and to the UP input of U4020 as
COUNT. When the System Processor completes its access to F9, MEM MAP SELECT goes high,

clocking the up-counter to the next RAM address to be writtento orread. MEM MAP SELECT also
enables the address buffer U3020.

When the active Emulator Processor is using the memory map, it provides the address directly
through the Address Bus Buffer. When the Emulator Processor is running, the Memory Map
RAMs are constantly fed AB—A15 from the system address bus. In this way, the Memory Map
RAMs can output the UMAP signal for each address accessed by the Emulator Processor. When
low, UMAP tells the Emulator Processor that the current address is to be sent to prototype
memory. When UMAP is high, the current address is sent to Program Memory.

5-13



8001/8002A Service

Section 6

DEBUG AND FRONT PANEL 1/0 MODULE

INTRODUCTION

The Debug and Front Panel 1/0 module performs three distinct functions within the
8001/8002A uProcessor Lab: it controls the interaction and system bus time-sharing between
the System Processor and emulator processor; it supports software features such as breakpoint,
trace, and emulator processor jumps to any memory location; and it provides the interface to
either the Standard or Maintenance Front Panel. The Debug module is centrally located in the
system bus structure, providing a dividing line between the system and program sections.
Unique control lines are connected to the System Processor and emulator processor modules in
each section of the bus.

Although the logic sections of the module are interrelated, they are divided here into eight major
functional groups:
o System Processor/Emulator Processor Control Logic

e 1/0 Decoder Logic

Debug Interrupt Logic

Service Request Logic

Address Trace and Compare Logic
Debug Control Logic

Forced Jump Logic

Debug Module Control

For convenience, the Debug and Front Panel I/0 module is hereafter referred to as the Debug
module.

The Debug module schematic diagrams have been partitioned to block the related circuitry for
each of the above functions.

e System Processor/Emulator Processor Control Logic assigns control to either the
System Processor or the emulator processor at all times.

e The 1/0 Decoder Logic consists of 1/0 port decoding for storing breakpoint values,
loading the Debug command and control bytes, and reading the stored program counter
address values.

e TheDebuglnterrupt Logic and Service Request Logic blocks assign interrupt priority and
vector-encode eight Service Request interrupts (SVCs) and eight Debug interrupts.

® The Address Trace and Compare Logic and Debug Control Logic blocks allow for storage
of the emulator processor address value (program counter) during aninstruction fetch of
thelastinstruction or the presentinstruction. Also included are two breakpoints storage
registers with address comparison logic.

6-1
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o The Forced Jump Logic allows the emulator processor to be started from any memory
location.

o The Debug Module Control senses all necessary Maintenance Front Panel and system
bus control signals for directing the Debug Module.

CIRCUIT DESCRIPTION

The following circuit descriptions refer to logic blocks as outlined on the schematics.

System Processor/Emulator Processor Control Logic @
GENERAL

The System Processor/Emulator Processor Control Logic directs which of the two processors is
allowed to access the system address, data, and control buses. Since both processors share
these bus lines, only one is allowed to run at a time. This type of system is referred to as a
Master/Slave arrangement. The System Processor has a higher priority than the emulator
processor because it provides control for the uProcessor Lab. For this reason, the System
Processor may be referredto as the Master and the emulator processor as the Slave. The System
Processor/Emulator Processor Control Logic can be divided into three parts: Master/Slave
Control Logic, Master/Slave Status Logic, and Master/Slave Hait Detection.

MASTER/SLAVE CONTROL LOGIC @ ®

The Master/Slave Control Logic(MSTR SLV CONTROL) is capable of directly pausing the System
Processor and emulator processor. The control logic outputs two signals, Master Pause (W
PSE) and Slave Pause (SLV PAUSE). The two signals are sensed by the System Processor and
emulator processor, respectively. When MST PSE or SLV PAUSE is low, the corresponding
processor is paused. MST PSE and SLV PAUSE are output from two 4-input AND gates (U3160).
When an input to one of these gates is low, the corresponding output is low. Therefore, each
processor can be directly paused by any one of four inputs.

Oneline accessed by both processorsis the PAUSE line. The ANDed result of the system bus line
PAUSE and the Maintenance Front Panel Bus Control switch ENABLE/NORM causes both
processors to be paused. Whenthe Bus Control switchisinthe ENABLE position(ACCESS is low)
or when PAUSE is low, MST PSE and SLV PAUSE are forced low. Each processor stops running
andthe corresponding inputstothe system bus are put into a high-impedance tristate mode. The
user then has access to the system address, data, and control bus lines.

One input to the SLV PAUSE AND gate (U3160A) is U PAUSE. U PAUSE is an output from the
prototype system. When U PAUSE is low, the emulator processor is directly paused. SLV PAUSE
isforced low to prevent a System Processor interrupt from occurring. (Refer tothe Master/Slave
Halt Detection discussion later in this section.) When PAUSE or U PAUSE is discontinued
(returnsto a high state) or the control switch isreturned tothe NORM position (ACCESS is high),
the previaus run state of the processors is resumed.
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Another set of inputs sensed by the pause AND gates are the direct pause lines, discussed inthe
following paragraphs. These inputs, and the last pair of inputs, Q and Q of the Master/Slave Flip-
Flop (MSTR/SLV FF), determine which processor is allowed to run.

MASTER/SLAVE STATUS LOGIC 5

The Master/Slave Status logic ensures that only one of the two processors may run at a time.
This logic consists of a J-K flip-flop (U2150) that is continuously clocked by the 38.4 kHz1/0 CLK.
The MSTR/SLV FF senses inputs from the Maintenance Front Panel (SET SLV, SETMSTR, MSTR
_(ﬂJ_TEST, and ACCESS), Master Halt Detector (U2130B), and the system control bus line MSTR
INTD.

When the System Processor is interrupted (MSTR INTD is low) or when the Maintenance Front
Panel CPU Control switch SYS/PGRM is in the SYS position (SET MSTR is low), the output of a
corresponding two-input NAND gate (U1150D) is high. This results in the Master/Slave Control
Logic forcing the SLV PAUSE output low and pausing the emulator processor.

When the system control bus line RUN goes high, the MSTR/SLV FF is allowed to change states.

As long as one of the processorsisrunning, RUN is low andthe MSTR/SLV FF J and K inputs are

held low and high respectively. For this reason, the MSTR/SLV FF cannot change states until

both processors are out of the run mode. This guarantees that one processor is not allowed torun
until the other processor is off the system bus.

When the SYS/PGRM front panel switch is set in the PGRM position (SET SLV is low), the

Master/Slave Control Logic forcesthe MSTR PSE output low and pauses the System Processor.
Again, when the system control bus line RUN is high, the MSTR/SLV FF changes state and the
emulator processor is allowed to run.

The normal method for the System Processor to release the system bus and turn control over to
the emulator processor is through the execution of a software HALT instruction. The Q output of
the MSTR HALT FF (schematic 4B, upper left) is then set high, (This function is discussed in the
next topic, Master/Slave Halt Detection.) When MSTR CPU TEST from the front panel is high
(switch off), the System Processor is directly paused by forcing MST PSE low. The emulator
processor is then put in control and allowed to run, as previously described. However, if MSTR
CPUTEST is low, thenthe MSTR HALT FF Q output is masked. The MSTR/SLV FF is not allowed
to change states and turn control over to the emulator processor. Both processors remain
paused.

Notice that MSTR CPU TEST andthe MSTR HALT FF Q output are NANDed together andresultin
alow output. This output is used by a NAND gate in the Forced Jump Logic (schematic 4B, upper
right) to set output EN ADDR high. This forces the address bus to contain the last address
executed and to allow its display by the Maintenance Front Panel.

6-3
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MASTER/SLAVE HALT DETECTION

The Master/Slave Halt Detection indicates that a software HALT instruction had been executed
by the last processor in control of the system bus. The halt detectors sense the system control bus
line RUN and the respective MST PSE or SLV PAUSE output from the Master/Slave Control
Logic. Operation of the two halt detectors (U2130B, U3150B) is identical. Each consists of two
cascaded J-K flip-flops, configured as D-types, which are continuously clocked by the 38.4 kHz
I/0 CLK. The first FF of each detector senses MST PSE and SLV PAUSE, respectively. The RESET
of each FF also senses the same input. The second FF of each detector senses the output of the
first FF. The corresponding RESET inputs sense the system control bus line RUN.

When RUN is high, both processors are paused. The halt detectors sense whether MST PSE or

SLV PAUSE is high. The corresponding halt detector is set after one /0 CLK cycle if RUN does not

return low (indicating that a processor has accessed the system bus). Recall thatthe MSTR/SLV
FF cannot change states unless both processors are out of the run mode. The delay of one 1/0
CLK cycle allows the MSTR/SLV FF to change states without indicating a software HALT
condition.

A System Processor HALT is the normal mechanism for relinquishing the system bus. An
emulator HALT indicates a programming error and immediately causes a System Processor
interrupt (SLV HLT INT).

1/0 Decoder Logic

This section describes both the software and hardware functions of the 1/0 Decoder logic. The
software functions are described first.

GENERAL

The |/0 Decoder Logic allows the System Processor to access eight 1/0 ports. These 1/0 ports
enable various operations that are performed between the System Processor and emulator
processor. Tables 6-1A and 6-1B list the 1/0 port addresses and their respective software
functions. The paragraphs following the tables describe each function. The hardware circuit
descriptions for this section follow the function descriptions.
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Table 6-1A Table 6-1B
DEBUG MODULE OUTPUT DEBUG MODULE INPUT
PORTS AND FUNCTIONS PORTS AND FUNCTIONS
ouTRUT PORT FUNCTION 10 PORT PORT FUNCTION

F8 Command Byte FC Program Counter Last Low Byte
F9 Dabug Control Byte FD Program Counter Last High Byte
FA Jump Addr. Low Byte FE Program Counter Next Low Byte
FB Jump Addr. High Byte FF “ Program Counter Next High Byte
FC Breakpoint 1 Low Byte
FD Breakpoint 1 High Byte
FE Breakpoint 2 Low Byte
FF Breakpoint 2 High Byte

COMMAND BYTE

A command byte is written to port F9 by the System Processor to enable various command
options. The command byte consists of five individual command bits and three unused bits. Their
format is shown in Fig. 6-1. The function of each bit is described in the following paragraphs.

Bits

7161514 }13})12]1 0

R e l—
Forced Reset = 0

Forced Interrupt =0

Forced Jump =0

Interrupt Mask =0

Service Call Enable =0

Not Used (Set to 1) 2711-20

Fig. 6-1. Command Byte Format.

Forced Reset Bit—This bit causes the Debug module to reset the emulator processor. The
emulator processor will start instruction execution at address 0000. This bit can be used together
with the forced interrupt or forced jump bit.

Forced Interrupt Bit—This bit causes the Debug module to force an emulator processor

interrupt. When the emulator processor is restarted, a forced branch instruction to address 0000
is issued.
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Forced Jump Bit—This bit forces the emulator processor to branch unconditionally to the
address contained in the Forced Jump Address Register located in the Address Trace and
Compare Logic (schematic 4C). The register must be set before this bit is issued.

Interrupt Mask Bit—This bit prevents any Debug hardware interrupt from occurring. The
masked interrupts are allowed to stack and occur when the mask bit is reset.

Service Calls Enable Bit—This bit allows the emulator processor to obtain input/output (1/0)
service from the system peripherals, including the system terminal and flexible disc drives.

DEBUG CONTROL BYTE

The System Processor writes a control byte to port F8. This control byte enables the Debug mode
and controls Single Cycle and Breakpoint operation. The control byte uses six individual bits.
Figure 6-2 illustrates the bit format. These bits are non-exclusive; any combination may be used.
Bits 0—3 correspondto Breakpoint control. Bits O and 2 enable Breakpoints 1 and 2, respectively,
during an emulator read cycle. Bits 1 and 3 enable Breakpoints 1 and 2, respectively, during an
emulator write cycle. Bit 4 enables the Single Cycle operation during the TRACE ALL command.
Bit 5 enables the Debug sequence and thus allows Breakpoint and Single Cycle operation. The
Debug control byte is examined in further detail in the Address Trace and Compare Logic
discussion later in this section.

Bits

7161514 )3]2)11}]0

l— Breakpoint 1 Read Access =0

Breakpoint 1 Write Access = 0

Breakpoint 2 Read Access = 0

Breakpoint 2 Write Access = 0

Single Cycle = 0

Sequencer Enable =0

Not Used (Set to 1)

2711-21
Fig. 6-2. Debug Control Byte Format.

JUMP ADDRESS BYTES

The low and high bytes of a forced jump address are loaded through output ports FA and FB and
into the Forced Jump Address Register inthe Address Trace and Compare Logic(schematic 4C).
Theforced jump address may be loaded to execute a “GO"” command from the user or tojumpthe
emulator processor to or from a trace routine.
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BREAKPOINT BYTES

1/0 port output addresses FC and FD are the addresses for Breakpoint 1 Low Byte and Breakpoint
1 High Byte, respectively.

170 port output addresses FE and FF are the addresses for Breakpoint 2 Low Byte and Breakpoint
2 High Byte, respectively.

PROGRAM COUNTER

Input port pairs FC, FD and FE, FF correspond, respectively, to the emulator processor program
counter values of the ‘last’ instruction executed and of the ‘next’ instruction to be executed.
These ports are read only during trace or after detecting a breakpoint.

CIRCUIT DESCRIPTION

Thel/0 Decoder Logic generates an output, SELECT, that is low when any of the ports FO—FF are
accessed by either the System Processor or emulator processor. Table 6-2 shows the system
address and control bus lines that enable SELECT. Control line OPREQ is low when the system
address and data buses are valid and can be read. Address line A13 and control line M/10 are
high during the execution of an 170 instruction. The address lines A4—A7 correspond to |/0
ports FO—FF.

Table 6-2
1/0 DECODER LOGIC
System System
Inputs Control Bus Lines Address Bus Lines
;
__ loPrEQ’| _
Outputs OPREQ [(Same as| M/IO A13 A7 A6 A5 A4
OPREQ)

SELECT
0

1: high

0: low

The logic shown for the

outputs is the enable state
Two other inputs to the | /O Decoder Logic are MSTR and system address line A3. The MSTR
inputisthe Qoutput of the MSTR/SLV FF(U2150A) in the Master/Slave Status logic (schematic
4B, lower center). The MSTR line is high when the System Processor has control of the system
bus. MSTR and address bit A3 are NANDed together (U1160D) to form an output which is NORed
with SELECT. SELECT is low and inputs MSTR and A3 are high when 1/0 ports F8—FF are
addressed by the System Processor. The NAND result of MSTR and A3 is low, and is NORed
(U1100C) with SELECT to produce a high output, Ports Enabled (PRTEN). This output corresponds
tothe System Processor access of /0 ports FS—FF, and is used to enable all functions related to
the decoding of these |/0 ports F8—FF.
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System Processor output ports F9, FA, and FB are decoded by a binary-decimal decoder (U4010).
Address lines AO, A1, and A2 are sensed by the decoder, along with the NANDed result of PRTEN
and WRP. The output of U3100B is used to enable the decoder. PRTEN is gated by the system
control bus line R/W in the write mode (when R/W is low), and by the WRP line. WRP is a high-
low-high timing pulse initiated by the System Processor or emulator processor during a write
operation, and is used for clocking output latches and memory.

When PRTEN and WRP are high and low, respectively, the binary-to-decimal decoder is enabled.
Since this decoder is enabled when 1/0 ports F9—FB are addressed, address bits AO—A2
represent the ports that are accessed. The decoder output line (1, 2, 3, or 4) that corresponds to
the binary value of bits AO—AZ2 is low during the period WRP is low. The appropriate output is
then used to strobe a register or flip-flop to latch the corresponding data bits.

WRITE BREAKPOINT

The Breakpoint Storage Register File is enabled when the System Processor output ports
FC—FF are decoded into a write breakpoint strobe (WRT BP from U3110, pin 6). The Breakpoint
Storage Register File is located in Address Trace and Compare Logic (schematic 4C, lower
center). There are four registersin thisfile, which store the high and low address bytes of the two
breakpoints. System address lines AO and A1 address the file containing the register that
corresponds to the output ports of the selected breakpoint (see Table 6-1). WRT BP isthe NANDed
result of PRTEN, address line A2, and system control bus lines R/W and WRP. When R/W and
WRP are low, and PRTEN and address A2 are high, WRT BP is low and the file register is enabled
into the Write mode.

1/0 READ

System Processor input ports FC—FF are decoded into an input, /0 READ (from U3110B). This
output enables the Program Counter Storage Register File (U3050) in the Address Trace and
Compare Logic(U3050, schematic 4C, lower left). There are four registers in thisfile, which store
the high and low address bytes of PC-Next and PC-Last. Address lines AO and A1 address thefile
containing the register that corresponds to the input ports of the selected Program Counter (see
Table 6-2).1/0 READ isthe NANDedresult of PRTEN, address bit A2, and the system control bus
line R/W.When R/W, PRTEN and address line A2 are high, |/O READ is low and the file register
is enabled into the read mode.

1/0 WRITE

The NANDedresult of PRTEN and the system control bus line R/Wis presented as an output,l_/_ﬁ
WRITE (from U3100D). 1/0 WRITE and I/0 READ control the input/output mode of the
Driver/Receiver Bufferinthe Address Trace and Compare Logic (schematic 4C). /O WRITE and
70 READ gate the data to and from the two file registers.
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Interrupt Logic @ 000

The Debug Module services upto 16 interrupts. For purposes of this discussion, these interrupts
are divided into two groups. The first group of eight are Service Request interrupts (SVCs)
serviced for the System Processor module. The second group of eight are debugging and Real-
Time Prototype Analyzer (RTPA) interrupts. They are discussed later in this section.

The Debug Module assigns priorities to each of the 16 interrupts. First, all System Processor SVC
interrupts have priority over debugging and RTPA interrupts. The priority setting circuitry will
allow debugging or RTPA interrupts only if no SVCs are pending. Additionally, each set of
interrupts (either SVCs or debugging) has internal priorities.

In the descriptions below, functional descriptions precede the hardware discussions.

SVC INTERRUPT LOGIC

One of the functions of the System Processor is to provide all input/output requirements for the
emulator processor. The emulator processor has no provision for direct access to peripheral
equipment, such as the system console. Therefore, the emulator processor requests access from
the System Processor.

The emulator processor notifies the System Processor of the request by issuing a service call
(SVC).

The SVCis atwo-byte addressincludedinthe users software program. Six SVCs may be defined
in the users software program.

As shown in Table 6-3, two of the eight SVCs are reserved for debugging operations, including
dump and restore routines.

The SVC is a two-byte address. Table 6-3 illustrates the SVC format and priorities for the eight
SVCs. The XX portion of the 1/0 address varies with the individual emulator processor.
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Table 6-3
SVC FORMAT AND PRIORITIES

SVC Interrupt Priority  Vector Address 1/0 Address

1 16 0020 XXF7

2 17 0022 XXF6

3 18 0024 XXF5
User

4 19 0026 XXF4

5 20 0028 XXF3

6 21 002A XXF2

7 22 002C XXF1
Debug

8 23 002E XXFO

SVC HARDWARE BLOCK DESCRIPTION

The SVC logic can be divided into two sections: EMULATOR/DEBUG SVC logic and Debug
INTERRUPT logic.

EMULATOR/DEBUG SVC LOGIC

The EMULATOR/DEBUG SVClogicis asserted when the emulator processor accesses | /0 ports
F6 or F7. The output of the EMULATOR/DEBUG SVC logic is a line called SPRTEN (from
U1160A). SPRTEN is low when the emulator processor is executing an SVC instruction.

SPRTEN has two functions: to assert the Debug Interrupt Request (DBG INT) signal, which is
placed on the system bus; and to act as a clock input for the SVC Vector Latch (U2090).

The SVC vector latch uses address bits AO—A2 from the system address bus as inputs. When
both SPRTEN andthe Debug Vector Enable (DBG VEN) line are asserted, the interrupting vector is
transferred from AO—AZ2 to the internal vector address bus Q1—Q6 (in the Debug Interrupt
Logic). The actual interrupt vector will be found on Q1, Q2, and Q6 (inputs to U2080A, U2080B,
and U2080D). The Q5 output of the SVC vector latch is used to disable the interrupt priority
encoder. The reason this is necessary will be explained later.
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DEBUG INTERRUPT LOGIC N0
In addition to SVCs, the Debug module services eight interrupts that may be generated while
debugging a software routine, or while using the Real-Time Prototype Analyzer. Notice in
schematic 4D (bottom) that eight J-K flip-flops have their Q outputs tied to the input of a priority
encoder (U2100). Each of these flip-flops corresponds to one of the eight interrupts. The six
Debugging interrupt flip-flops are:

e Breakpoint 1—U2120A
Breakpoint 2—U2120B
Single Cycle Interrupt—U2110A
Emulator Halt (SLV HLT INT)—U2110B
Diagnostic Interrupt—U2140B
Front Panel Halt—U4150B

The two RTPA interrupt flip-flops are U1080A and U1080B.

A complete listing of interrupt vectors and interrupt priorities is given in Appendix C.

When one of these flip-flops detects an interrupt, itsaoutput is set low. The priority encoder
looks at all eight flip-flops simultaneoulsy. When more than one flip-flop is set by interrupts, the
priority encoder outputs the vector for the interrupt having the highest priority.

Recall from the previous discussion that the Q5 output of the SVC Vector Latch (U2090) disables
the priority encoder (U2100). Notice that the SVC Vector Latch outputs and the priority encoder
outputs are both tied to the inputs of three NAND gates (U2080). When an SVC interrupt occurs,
Q5 of U2090 goes high, forcing the priority encoder El input high. Thisinturn causes the priority
encoder to force its outputs high. This action allows the vector from the SVC Vector Latch
(U2090) to be placed on the system data bus.

If no SVCinterrupts are present, the priority encoder El input is low, allowing the debug or RTPA
interrupt vector onto the data bus.

Address Trace and Compare Logic @ ®
BREAKPOINT/PROGRAM COUNTER REGISTERS
The Debug module internal 8-bit bus is connected to two register files: one register file stores

breakpoint addresses, while the other register file stores program counter values. Each file
stores two 16-bit words.

6-11
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BREAKPOINT REGISTERS

The Breakpoint Register File is used during breakpoint operations. A breakpoint 1 address and a
breakpoint 2 address are stored in the breakpoint register by the System Processor. Access to
theseregistersis controlled bythel/0 Decoder Logic (schematic 4D, upper center andright). As
the user program is executed, each current address is compared with the stored breakpoint
address. If an address match occurs, the emulator processor is halted.

PROGRAM COUNTER REGISTERS

The program counter register is used concurrently with the breakpoint register. As each new
address is compared with the preset breakpoint address, the new address is stored in the
program counter register. The address is stored in the event that a breakpoint is reached. In that
case, the current program location must be saved so that program execution may continue
following the break.

The Program Counter Storage Registers (U2050, U3050) contain the addresses of both the last
instruction executed (P.C. Last) and the next instruction to be executed (P.C. Next). When the
System Processor is interrupted, P.C. Last contains the address of the instruction that was just
completed, and P.C. Next contains the address of the instruction to which emulator processor
must return.

The P.C. Last Register is normally written into during an instruction FETCH when a System
Processor interruptis not pending. During aninstruction at which a breakpoint occurs, a P.C. Last
iswritteninto during the instruction fetch before the breakpoint occurs. The P.C. Next Register is
written into on the subsequent cycles of the next instruction.

BUS SEQUENCER e
Notice Figures 6-3A and 6-3B represent the sequence of events that occur during breakpoint
comparison and program counter storage. The Bus Sequencer controls the timing of this
sequence.

The Bus Sequencer is made up of four J-K flip-flops (U5100, U5110, schematic 4C, center).
These flip-flops generate the basic timing sequence. The following description presents an
overview of the major bus sequence states.

When the debug mode of operation is enabled, the Debug Control Byte register (U3020) output
Q3 is high. This output, labeled TR, in combination with the Debug module Master/Slave
circuitry (schematic 4B), enables the Bus Sequencer. (Trace Enable block, schematic 4C, upper
left.) The Bus Sequencer is triggered by the leading edge of OPREQ.
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During time state 1, as shown in Fig. 6-3A, the low-order byte of the system address bus is
clocked onto the Debug module internal bus. This valueis stored inthe Program Counter Storage
Registers (U2050, U3050, schematic 4C, center). At the same time, the previously stored low-
order Breakpoint 1 address byte is read from its storage register (U2030, U3030 schematic 4C,
center) and compared with the byte from the system address bus. The address comparator is
made up of a series of exclusive-OR devices (U2040, U3040 schematic 4C, center). If the
comparisonistrue, the result of the comparisonis clocked into the first stage of a compare circuit
(U4090).

Duringtime state 2, the high-order address byte is latched onto the internal bus and writteninto
the Program Counter Storage Registers (U2030, U3030, U2050, U3050). Concurrently, the high-
order byte is compared with the upper order byte of the previou<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>