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OPERATORS SAFETY SUMMARY

This general safety information 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
can result in damage to the equipment or other property.

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

AS MARKED ON EQUIPMENT

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

DANGER indicates a personal injury hazard immediately
accessible as one reads the marking.

SYMBOLS

IN THIS MANUAL
This symbol indicates where applicable cautionary or
other information is to be found.

As Marked on Equipment

4 DANGER high voltage.

@ Protective ground (earth) terminal.

A ATTENTION — refer to manual.

@ Refer to manual.

Xiii

POWER SOURCE

This product is designed to operate from a power source
that does 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.

GROUNDING THE PRODUCT

This product is grounded through the grounding conductor
of the power cord. To avoid electrical shock, plug the power
cord into a properly wired receptacle before connecting to
the power input or output terminals. A protective ground
connection by way of the grounding conductor in the power
cord is essential for safe operation.

DANGER ARISING FROM
LOSS OF GROUND
Upon loss of the protective-ground connection, all accessi-

ble conductive parts (including knobs and controls that may
appear to be insulating) can render an electric shock.

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 per-
sonnel.
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OPERATORS SAFETY SUMMARY

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 atmo-
sphere of explosive gases unless it has been specifically
certified for such operation.

4404 COMPONENT-LEVEL SERVICE

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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SERVICE 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 prod-
uct unless another person capable of rendering first aid and
resuscitation is present.

USE CARE WHEN SERVICING
WITH POWER ON

Dangerous voltages may exist at several points in this prod-
uct. To avoid personal injury, do not touch exposed connec-
tions and components while power is on.

Disconnect power before removing the power supply shield,
soldering, or replacing components.

DO NOT WEAR JEWELRY

Remove jewelry prior to servicing. Rings, necklaces, and
other metallic objects could come into contact with danger-
ous voltages and currents.

X-RADIATION

X-ray emission generated within this instrument has been

sufficiently shielded. Do not modify or otherwise alter the
high voltage circuitry or the CRT enclosure.

Xv

POWER SOURCE

This product is intended to operate from a power source
that will not apply more than 250 volts rms between the sup-
ply 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.

HANDLING

Due to the wieght of the Display Module, and its component
subassemblies, at least two persons are required to perform
installatin or service to prevent injury to personnel or dam-
age to the Display Module.

IMPLOSION PROTECTION

Whenever the implosion shield is removed from the CRT,
protection against implosion hazard is reduced. Service
personnel should wear full face masks and protective cloth-
ing at any time the CRT is removed from the CRT module or
the implosion shield is not in place.
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Section 1
INTRODUCTION

GENERAL INFORMATION

The 4404 Artificial Intelligence System (hereafter called the
4404) is a single-user, artificial-intelligence-oriented computer
that has circuitry specially designed to deliver very good
performance for the Smalltalk-80 (TM) system. The Smalltalk-80
(TM) language and programming environment makes fast program
development easy, and is especially suited to simulation and
highly graphical user-interface application programs.

The programmer may also use two optionally available artificial
intelligence (AI) languages: Lisp and Prolog. Lisp is the
traditionally used AI language. Prolog is a more recently
developed AI language. These both include their own program
development environments.

In addition to Lisp and Prolog, the 4404 also supports the C
language and a multi-tasking operating system that provides a
hierarchical file system with process control. The 4404 also has
terminal emulation software that allows it to communicate with a
host computer through the 4404's RS-232-C port.

Physically, the 4404 consists of a display/CPU unit, a mass
storage unit (MSU), a mouse, and a keyboard. The display/CPU unit
has a processor board and an I/0 board. The unit can accept as
options an Ethernet (TM) circuit board and an additional
1-megabyte memory board.

The main processor is a 68010 microprocessor that implements an
eight-megabyte virtual memory scheme via demand paging software.

The I/0 board supports one RS-232-C port and one
Centronics-compatible printer port.

The MSU contains a 40-megabyte hard disk drive, a 5.25 inch disk
drive, and associated circuitry to communicate with the
display/CPU unit over a SCSI (Small Computer Systems Interface)
cable and connectors.

The mouse is a three-button mechanical device used primarily
with the Smalltalk-80 (TM) system.
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SECTION 1
Introduction

The keyboard attaches to the display/CPU via a cord and serves as
the primary means of user input for the 4404 operating system and
language environments. The keyboard has a joydisk and 12
programmable keys in addition to the ordinary ASCII keys and a
14-key keypad.

USING THIS MANUAL

This manual is intended for use by senior technicians to make
component-level repairs on the 4404. The manual contains
detailed descriptions of circuitry, theory of operation, and
block diagrams of major components.

Because the 4404 is primarily a software-driven system, you
should be reasonably familiar with the operating system in order

to diagnose and repair the 4404. (Also, at times, familiarity
with the various supported languages is helpful.)

You should use this manual in conjunction with the 4404

Artificial Intelligence System Field Service Manual and the
4404 Artificial Intelligence System Users Manual.

RELATED DOCUMENTS
The following documents contain detailed information on the use
and installation of the 4404 AI System and its options.
0 4404 Artificial Intelligence System Users Manual
0 4404 Artificial Intelligence System Field Service Manual

0o 4404 Artificial Intelligence System Reference Manual

0 4404 Artificial Intelligence System Introduction To
Smalltalk-80 (TM) Manual

0 4400P30 Lisp Programmers Reference Manual
o 4400P31 Prolog Programmers Reference Manual
o 4400P32 EMACS Users Manual
In addition to consulting these documents, it may be helpful to

consult the vendor's component reference books for the various
microprocessors used in the 4404.
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Section 2
THEORY OF OPERATION

INTRODUCTION

This section discusses the theory of operation for the 4404
Artificial Intelligence System. When used in conjunction with
the 4404 Field Service Manual, it provides the service person
with the information needed to understand and troubleshoot the
system.

The theory write-up presents an overall view of the system, and
explains the separate functions of each major module or board.

The reader should be generally knowledgeable about basic digital
design. Certain abbreviations and acronyms have found their way
into common usage in the industry. Such terminology is used
(sparingly) because most digital-service technicians are aware of
these terms.

This section includes many illustrations and diagrams. The block
diagrams present conceptual information, while the schematic and
timing diagrams emphasize operating characteristics.
NOTE
The schematics are included for functional
reference only. The detailed schematics in

Section 6 of this manual should be used for
troubleshooting the system.

OVERVIEW

The display/CPU, the keyboard, the mechanical mouse, and the mass
storage unit comprise the 4404 Artificial Intelligence System.
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SECTION 2.0
Introduction to Theory

DISPLAY/CPU

The Display/CPU is the heart of the 4404 system. The major
modules contained in this unit (and detailed in the indicated
subsections) are:

o CPU Board (see Section 2.1)

o I/0 Board (see Section 2.2)

0 Memory Expansion Board (see Section 2.3)

o Power Supply (see Section 2.4)
o Video Display Monitor (see Section 2.5)

KEYBOARD

The detached keyboard is a separate module. It is discussed in
Section 2.6.

MOUSE

A mechanical mouse (pointing device) interfaces to the 4404
through a set of coded signals. A circuit on the I/0 board
decodes these signals; therefore, the I/0 board description
includes a discussion of the mouse function.

MASS STORAGE UNIT

The standard Mass Storage Unit of the 4404 interfaces to the
Display/CPU through the Small Computer Standard Interface (SCSI).
The major components of this unit are:

o 5 1/4" Floppy Disk Drive

o Floppy Disk Drive Controller Board

o Hard Disk Drive

o Hard Disk Drive Controller Board

o Power Supply
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Section 2.1
CPU BOARD THEORY

GENERAL

The block diagram in Figure 2.1-1 shows the major functions of
the CPU Board. The CPU Board contains the CPU (processor) and
its interface, memory management, system memory, floating point
co-processor, sound generator, and video display circuitry.

These functions are tightly coupled with no intervening backplane
to achieve maximum performance. The CPU Board connects to the
I/0 Board through a single connector. A second connector
provides for the Memory Expansion Board which contains an
additional 1 megabyte of memory.

BOARD FUNCTIONS

The 4404 incorporates the latest high-performance VLSI (Very
Large Scale Integrated) components. The 4404 architecture allows
the Motorola 68010 microprocessor to operate at full speed with
no wait states for memory accesses. A co-processor chip performs
IEEE floating point operations.

The 68010 facilitates demand-paged virtual memory, giving the
user an 8-Mbyte logical address space for program development.
This means that program segmentation and overlays are
unnecessary. The 1-Mbyte physical memory minimizes page swapping
for increased performance in the virtual memory environment.

The 4404 CPU runs through a virtual memory circuit which is a
chip with a discrete memory implementation.

There are fundamentally 4 buses in the system. Because the 4404
is a computer it has an address bus and a data bus. The 68010
processor uses an address bus that is 23 bits wide and a data bus
that is 16 bits wide. There are system enables, decodes strobes
to control the bus. There is an interrupt bus for control signals
and strobes coming back to the processor.

Figure 2.1-2 shows the 4 system buses and the blocks that connect

to them. The 68010 is somewhat isolated from the addr:ss bus by
the memory management circuit.
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SECTION 2.1

CPU Theory
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Figure 2.1-1. 4404 System Block Diagram.
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CPU Theory

The display memory arbitration or view port circuit is included
in the Screen Refresh block.

One megabyte of memory is implemented on the CPU board. This
memory is implemented with 256K bit dynamic RAM chips as 512K
words of 16 bits each. The memory requires no wait states even
with memory management enabled. There is some ROM which gets
booted up and to get started. A provision has been made for an
additional megabyte of RAM in system memory.

The sound generator is on the main board, and goes off the main
board to the I/0 board for amplification.

The following sections will be discussed in greater detail:
o 68010 CPU Block
o Clock Oscillator and Reset Circuit
o CPU and Buffering
o Memory Management Block
o Boot ROM
0 Address Decoding and Interrupt Block
0 Memory Management
o Floating Point Co-Processor
o Sound Generator Block

o Video Display
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68010 CPU BLOCK

The 4404 CPU is a Motorola 10MHz MC68010 32 bit microprocessor.
This microprocessor has a 16 megabyte address range and a 16 bit
data bus. Interrupts are provided by the 68010's
"auto-vectoring" mechanism. Bus fault detection is implemented
for memory management control and nonexistent device protection.
Read only memory is provided as part of the processor interface
for automatic system start up and selftest. Direct memory access
by peripherals is supported on the physical address bus for fast
I/0 and mass storage.

SIGNAL AND BUS OPERATION

The 68010 is a 16-data bit, 23-address bit microprocessor. The
input and output signals can be grouped in eight categories. The
following discussion provides a brief description of the signals
in each group.

Address Bus (A1 through A23).

The address bus is a unidirectional, tri-state, 23-bit bus, that
can address 8 megawords of data providing address information for
bus operation during all cycles except CPU space cycles.

Data Bus (DO through D15).

The data bus is a 16-bit, bi-directional, three-state bus which
is the general purpose data path. It can transmit and accept data
in either byte (8-bit) or word (16-bit) lengths.

Asynchronous Bus Control.

Asynchronous data transfers are handled using the following
control signals: Address Strobe, Read/Write, Upper and Lower data
Strobes, and Data Transfer ACKnowledge. These signals are
discussed in the following paragraphs.

Address Strobe (AS). This signal indicates that there is

a valid address on the address bus.

Read/Write (R/W). This signal defines the data bus

transfer as a read or write cycle. The R+W signal also works in
conjunction with the upper and lower data strobes as explained in
the next paragraph.
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Upper and Lower Data Strobes (UDS and LDS). These

signals control the data on the data bus. When the R/W line is
high, the processor will read from the data bus as indicated.
When the R/W line is low, the processor will write to the data
bus as shown.

Data Transfer Acknowledge (DTACK). This input indicates

that a data transfer is completed. When the processor recognizes
DTACK during a read cycle, data is latched and one clock cycle
later the bus cycle is terminated. When DTACK is recognized
during a write cycle, the bus cycle is terminated.

Bus Arbitration Control

A bus arbitration circuit is formed by bus request, bus grant and
bus grant acknowledge signals to determine which device will be
the bus master device.

Bus Request (BR). This input is wire ORed with all other
devices that could be bus masters.

Bus Grant (BG). This output indicates to any other
potential bus master that the processor will release control of
the bus at the end of the current bus cycle.

Bus Grant Acknowledge (BGACK). This input indicates that
some other device has become bus master. This signal cannot be
asserted until all four following conditions are met:

1. A bus grant has been received.

2. Address strobe is inactive - this indicates that the
microprocessor is not using the bus.

5. Data transfer acknowledge is inactive indicating that
neither memory or peripherals are using the bus.

4. Bus grant acknowledge is inactive which indicates no other
device is still the bus master.

Interrupt Priority Level (IPLO, IPL1, IPL2)

These input pins indicate the encoded priority level of the
device requesting the interrupt. Seven levels are possible using
these three pins, with level zero (no pins active) meaning no
interrupt requested. Level seven, which is the highest, cannot
be masked. The least significant bit is IPLO and the most
significant bit is IPLZ2.
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System Control

The system control inputs are used to either reset or halt the
processor and indicate to the processor that bus errors have
occured. The three system control inputs are explained in the
following paragraphs.

Bus Error (BERR). This input informs the processor that
there is a problem with the current cycle being executed.
Problems may be a result of one of the following:

0 A device that does not respond.

o Failure to acquire an interrupt vector.

o Illegal access request.

o Slot addressed is on extended or remote back-plane.

The bus error signal interacts with the halt signal to determine
if exception processing should be performed or the current bus
cycle should be retried.

Reset (RESET). This bidirectional signal line acts to

reset (start a system initialization sequence) the processor in
response to an external reset signal. An internally generated
3reset (result of a reset instruction) causes all external
devices to be reset and the internal state of the processor is
not affected. A total system reset (processor and external
devices) is the result of external HALT and RESET signals applied
at the same time.

Halt (HALT). When this bi-directional line is driven by

an external device, it will cause the processor to stop at the
completion of the current bus cycle. When the processor has been
halted using this input, all control signals are inactive and all
three state lines go to their high impedance state.

When the processor has stopped executing instructions, such as in
a double bus fault condition, the HALT line is driven low by the
processor to indicate to external devices that the processor has
stopped.

M6800 PERIPHERAL CONTROL

Control Signals

Three control signals are used to allow interfacing of
synchronous devices with the asynchronous MC68010: Enable (E)
Valid Peripheral Address (VPA), and Valid Memory Address (VMA).
These signals are explained in the following paragraphs.
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Enable (E). This signal is the standard enable signal to
all M6800 type devices. It is synchronized with the system clockn
which is discussed later in this section.

Valid Peripheral Address (VPA). This input is used to

indicate that adevice or region addressed is a device whose data
transfer should be synchronized with the enable (E) signal. This
input also indicates that the processor should use automatic
vectoring for an interrupt.

Valid Memory Address (VMA). This output is used to

indicate to peripheral devices that there is a valid address on
the address bus and the processor is synchronized with enable.
This signal only responds to a valid peripheral address (VPA)
input which indicates that the periheral device is synchronous
and needs to be synchronized with enable (E).

Processor Status (FCO, FC1, FC2).

These function outputs indicate the cycle type currently being
executed. The two used on this board are FCO and FCV1. When both
of these are high, the cycle type is interrrupt acknowledge.
Clock (CLK). The clock input is a TTL compatioble signal

for the development of the internal clocks needed by the

processor. The system clock on the board provides the processor
a crystal controlled four phase, 10 megahertz input.

A separate clock generator on the I/0 board provides time of day
service. Refer to Section 2.2 for discussion.

Signal Summary

Table 2.1-1 lists the function codes for processor status. Table
2.1-2 provides a summary of signals for the 68010.
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Table 2.1-2
FUNCTION CODE OUTPUTS
| FUNCTION CODE oUTPUT { |
\'Fc2 | FC1 | FCO | CYCLE TYPE |
1 Low | Low | Low | (Undefined/Reserved) |
|'Low | Low | High | User Data |
| Low | High | Low | User Program |

D D - - - - - - - - - - - - D - — . D A - - D - D D oD D e CD OD - D -

o - A - - - - ——— - ——— - D . - S D -5 - . D GD WD D GD D e D @D D D D o D D .

| High | Low | Low | (Undefined/Reserved) |
| High | Low | High | Supervisor Data !
| High | High | Low | Supervisor Program !

D G D - - — - - - - - - - - - - - - > D D D D S G5 D D D e o
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Table 2.1-2
SIGNAL SUMMARY

: | Hi-Z i
| SIGNAL NAME | MNEMONIC | INPUT/ | ACTIVE | On | On !
| | ! OUTPUT | STATE | HALT-O | BGACK-0 |
| Address Bus | A1-A23 | Output | High | Yes | Yes |
| Data Bus ! DO-D15 | Input/ | High | Yes | Yes |
| i | Output | i i |
| Address Strobe I AS-0 | Output | Low | No | Yes |
Read/Write | R=-1/W-0 | Output | R-High | No | Yes |
i | | W-Low | | |
Upper & Lower | UDS-0 | Output | Low ! No | Yes !
Data Strobes | LDS-0 | | | | |
Data Transfer | DTACK-0 | Input | Low | -- | -- f
Acknowledge ! | | | | i
| Bus Request | BR-0 | Input | Low | -- | -- |
| Bus Grant | BG-0 | Output | Low | No | No !
| Bus Grant v} BGACK-0 | Input | Low | - | -- |
| Acknowledge : | : | I i
| Interrupt | IPLO-0O | Input | Low | -- | -- f
| Priority Level | IPL1-0 : | | | |
! ! IPL2-0 i | % i |
| Bus Error | BERR-0 | Input | Low | -- |- |
| Reset | RESET-0 | Input/ | Low | No* | No* |
| | | Output | | | |
| Halt | HALT-O { Input/ | Low | No* I No* !
| I | Output | | | |
| Enable | E | Output | High | No ! No !
Valid Memory VMA-O Output

]
]
| Address

*Open Draiﬁ

2.1-10 4404 COMPONENT-LEVEL SERVICE



SECTION 2.1

CPU Theory
Table 2.1-2 (CONT)

SIGNAL SUMMARY
[ HI-Z2 |
| SIGNAL NAME | MNEMONIC | INPUT/ | ACTIVE | on | oOn |
| } | OUTPUT | STATE | HALT-O | BGACK-O |
| Valid Peripheral | VPA-O | Input | Low | -- | -- |
i Address 1 ] I i I I
| Function Code | FCO, FC1, | Output | High | No | Yes |
| Output i FC2 i % | | |
| Clock ! cLK | Input | High | -- | -- 1}
| Power Input | Vec | Input | -- | --  {-- |
{Ground 1 GND | Imput | -- 1 -- 1 -- 1|

*Open Drain

SYSTEM (CPU) CLOCK

The system clock provides the timing signals for the CPU and the
rest of the system. Accuracy and steadiness are the two prime
considerations. These are provided by an encapsulated, 40
megahertz crystal controlled oscillator which is conditioned
and/or divided to provide all four of the CLK timing signals the
system uses. Four 10 megahertz clocks are generated.

Bus Enable (BE).

This timing signal is a complex signal composed of the 10-MHz CPU
signal synchronized with the enable (E) signal from the CPU. It

is used off board to enable peripherals that require synchronous
data or address information transfer.

AU e Caowd wasa~wra i U020 i d4d

For circuit details, refer to Schematics CPU-4 and 5 of the
schematics section. The CPU generates enable (E) at a rate
one-tenth that of the CPU clock. The ratio of high to low is
40/60. E always comes true on the negative edge of CPU clock.

There are two outputs of an OR function (which is the real output

of the circuit) that produce a bus enable (BE) that is in phase
with (E) but whose duty cycle is now 30-70.
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Address Transceivers and Bus Termination

The address transceivers allows the CPU to be disconnected from
the system bus during an external direct memory access or any
time the CPU has granted the bus to any other card. This ability
to stop the CPU from addressing the bus is also used when the
68010 simulator is in use. (For more information on the 68010
simulator, see the Troubleshooting Section of the Vendors Data
Book) The bus termination section of this block provides signal
conditioning for the bus by ensuring the bus lines will always be
at the same potentials (voltage and current) when a new bus
master asserts control of the bus. This increases speed and
reduces noise on the bus.

Bus Error

In a bus architecture that requires a handshake from an external
device, the possibility exists that the handshake might not
occur. Since different systems require different maximum response
times, external circuitry is used to generate the bus error
signal for input to the CPU.

Schematic CPU-3 shows the logic and timing chips used to detect
the bus error condition. This block also contains the data
transfer acknowledge (DTACK) delay for normal (on card) and
delayed (off card) data transfers. The following paragraphs
discuss first the bus error, then the data transfer acknowledge
circuitry. The triggering signals can come from two different
sources. Data strobe (DS) is a composite signal that goes low
whenever either upper data strobe (UDS) or lower data #5M strobe
(LDS) goes low. At the completion of any read or write operation
DS will come high, retriggering the mono-stable multivibrator,
keeping its output high. During bus arbitration, such as when
another card has has requested the bus, data strobe would not be
active, yet there may be no bus error. The processor will then
send the card halt (CHALT) signal low which gates the 10-MHz
internal CPU clock (ICPUCLK) so it can hold off the BERR signal.

If a 15 mS delay period is passed, the Q output of the
multivibrator will go low. This causes the set-reset flip flop
formed by the two NAND gates to switch state and light the light
emitting diode (LED) indicating bus lock.

The other possible source of a bus error condition can come from
off card by way of the bus fault line BFAULT). This signal or a
time out will ceuse bus error (BERR-1) to be placed in the status
register inputs.

2.1-12 4404 COMPONENT-LEVEL SERVICE .



SECTION 2.1
CPU Theory

The bus error, low true signal, (BERR-0) is generated by the D
type flip flop (U753D). If a data strobe occurs, as will

happen during a re-try or during exception processing, the BERR-1
signal will be turned off.

Provision for disabling the bus error, needed during power
up/reset and boot, is provided by the Bus error off (BERROFF)
which comes from the status outputs on 77?7 A2-7.77

The data transfer acknowledge (DTACK) portion of this block
provides for three types of DTACK. These three types are for
regular 16-bit data transfer, two successive 8-bit byte data
transfer, and data transfer test. The 10-us delay allows the
insertion of a delay before allowing DTACK to go false (high)
when transferring data to or from a narrow (two successive 8-bit
byte data transfer) card, and during the test of the first of two
circuitry.

When AUTOACK-O is true (low), the time out is combined with MDS-0
to generate the internal data transfer acknowledged signal
(IDACK-0). When RASTEST-1, from the status outputs, comes true,
it is NANDed with the Q output to give DTACK HOLD-O. DTACKHOLD-O
is used by the first of two state machines to holod off DTACK
until the 10-us has expired, but doesn't use the MDS-0 signal.

RANDOM ACCESS MEMORY

The CPU board has One megabyte of random access memory (RAM).
This memory is implemented with 256K bit dynamic RAM chips as
512K words of 16 bits.

Memory management recognizes an 8 megabyte logical address space
which it maaps into the 8 megabyte physical address space. There
are 2048 map entries, one for each logical page. A page
represents 4K bytes of address space. Memory management provides
interprocess and write rotection on a page by page basis. Virtual
memory is provided by demand paging when a bus fault occurs.

The memory requires no wait states even with memory management
enabled. Memory refresh is accomplished via an automatic cycle
stealing mechanism.

The 68010 offers 17, 32-bit general purpose registers, a 32-bit
program counter, a 16-bit status register, a 32-bit vector base
register, and two 3-bit alternate function code registers. The
first eight registers (DO-D7) are used as data registers for byte
(8-bit), word (16-bit), and long word (32-bit) operations.
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The second set of seven registers (AO-A6) and the stack pointers
(SSP, USP) may be used as software stack pointers and base

address registers. In addition, the address registers may be used
for word and long word operations. All of the 17 registers may be
used as index registers.

The status register contains the interrupt mask (eight levels
available) as well as the condition codes; extend (X), negative
(N), zero (Z), overflow (V), and carry (C). Additional status

bits indicate that the processor is in the trace (T) mode and in
the supervisor (S) or user state.

The vector base register is used to determine the location of the
exception vector table in memory to support multiple vector
tables. The alternate function code registers allow the
supervisor to access user data space or emulate CPU space cycles.
DATA TYPES AND ADDRESSING MODES

Five basic data types are supported. These data types are:

o Bits

o BCD Digits (4 bits)
o Bytes (8 bits)

o Words (16 bits)

o Long Words (32 bits)
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In addition, operations on other data types such as memory
addresses, status word data, etc., are provided in the
instruction set. The address modes are:

o Register Direct Modes

- Data Register Direct
- Address Register Direct

o Memory Address Modes

Address Register Indirect

Address Register Indirect With Postincrement
Address Register Indirect With Predecrement
Address Register Indirect With Displacement
Address Register Indirect With Index

o Special Address Modes

- Absolute Short Address

- Absolute Long Address

- Program Counter With Displacement
- Program Counter With Index

- Immediate Data

- Implicit Reference

INSTRUCTION SET OVERVIEW

Each instruction, with few exceptions, operates on bytes, words,
and long words and most instructions can use any of the
addressing modes. By combining instruction types, data types,
and addressing modes, over 1000 useful instructions are provided.
These instructions include signed and unsigned multiply and
divide, "quick" arithmetic operations, BCD arithmetic, and
expanded operations (through traps). Also, 33 instructions may
be used in the loop mode with certain addressing modes and the
DBcc instruction to provide 230 high performance string, block
manipulation, and extended arithmetic operations.

VIRTUAL MEMORY CONCEPTS

Virtual Memory

The basic mechanism for supporting virtual memory is to provide
only a limited amount of high-speed physical memory that can be
accessed directiy by the processor while maintaining an image of
a much larger "virtual" memory on secondary storage devices such
as large capacity disk drives.
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When the processor attempts to access a location in the virtual
memory map that is not currently residing in physical memory
(referred to as a page fault), the access to that location is
temporarily suspended while the necessary data is fetched from
the secondary storage and placed in physical memory; the
suspended access is then completed. The MC68010 provides
hardware support for virtual memory with the capability of
suspending an instruction's execution when a bus error is
signaled and then completing the instruction after the physical
memory has been updated as necessary.

The MC68010 uses instruction continuation to support virtual
memory. With instruction continuation, when a page fault occurs
the processor stores its internal state and then, after the page
fault is repaired, restores that internal state and continues
execution of the instruction.

ln order for the MC68010 to utilize instruction continuation, it
stores its internal state on the supervisor stack when a bus
cycle is terminated with a bus error signal. It then loads the
program counter from vector table entry number two (offset $008)
and resumes program execution at that new address. When the bus
error exception handler routine has completed execution, an RTE
instruction is executed which reloads the MC68010 with the
internal state stored on the stack, reruns the faulted bus cycle,
and continues the suspended instruction. . lnstruction
continuation allows hardware support for virtual I/0 devices.
Since virtual registers may be simulated in the memory map, an
access to such a register will cause a fault and the function of
the register can be emulated by software.

DATA ORGANIZATION AND ADDRESSING CAPABILITIES

This section contains a description of the registers and the data
organization of the 68010.

Operand Size

Operand sizes are defined as follows: a byte equals 8 bits, a
word equals 16 bits, and a long word equals 32 bits. The operand
size for each lnstruction is either explicitly encoded in the
instruction or implicitly defined by the instruction operation.
implicit instructions support some subset of all three sizes.
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Data Organization In Registers

The eight data registers support data operands of 1, 8, 16, or 32
bits. The seven address registers and the stack pointers support
address operands of 32 bits. The four control registers support
data of 1, 3, 8, 16, or 32 bits depending on the register
specified.

Data Registers. Each data register is 32 bits wide.

Byte operands occupy the low order 8 bits, word operands the low
order 16 bits, and long word operands the entire 32 bits. The
least significant bit is addressed as bit zero; the most
significant bit is addressed as bit 31.

When a data register is used as either a source or destination
operand, only the appropriate low order portion is changed; the
remaining high order portion is neither used nor changed.

Address Registers. Each address register and stack

pointer is 32 bits wide and holds a full 32-bit address. Address
registers do not support the sized operands. Therefore, when an
address register is used as a source operand, either the low
order word or the entire long word operand is used depending upon
the operation size. When an address register is used as the
destination operand, the entire register is affected regardless
of the operation size. 1f the operation size is word, any other
operands are sign extended to 32 bits before the operation is
performed.

Control Registers. The status register (SR) is 16 bits

wide with the lower byte being accessed as the condition code
register (CCR). Not all 16 bits of the SR are defined and will
be read as zeroes and ignored when written. Operations to the
CCR are word operations; however, the upper byte will be read as
all zeroes and ignored when written.

The vector base register (VBR1 is 32 bits wide and holds a full
32-bit address. All operations involving the VBR are long word
operations regardless of whether it is the source or destination

______ A
operand.

The alternate function code registers (SFC and DFC) are three
bits wide and contain the function code values placed on FCO-FC2
during the operand read or write of a MOVES instruction All
transfers to or from the aiternate function code registers are 32
bits although the upper 29 bits wiii be read as zeroes and
ignored when written.
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Data Organization In Memory

The data types supported by the MC68010 are: bit data, integer
data of 8, 16, or 32 bits, 32-bit addresses and binary coded
decimal data. The numbers indicate the order in which the data
would be accessed from the processor.

Bytes are individually addressable with the high order byte
having an even address the same as the word. The low order byte
has an odd address that is one count higher than the word
address. 1lnstructions and word or long word data are accessed
only on word (even byte) boundaries. 1f a long word datum is
located at address n (n even), then the low-order word of that
datum is located at address n +2.

Addressing

lnstructions for the MC68010 contain two kinds of information:

the type of function to be performed and the location of the
operand(s) on which to perform that function. The methods used to
locate (address) the operand(s) are explained in the following
paragraphs.

Instructions specify an operand location in one of three ways:

o Register Specification - the number of the register is given
in the register field of their instruction.

o0 Effective Address - use of the different effective
addressing modes.

0 Implicit Reference - the definition of certain instructions
implies the use of specific registers.

Instruction Format

Instructions are from one to five words in length. The length of
the instruction and the operation to be performed is specified by
the first word of the instruction which is called the operation
word. The remaining words further specify the operands. These
words are either immediate operands or extensions to the
effective address mode specified in the operation word.
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Program/Data References

The MC68010 separates memory references into two classes: program
references and data references. Program references, as the name
implies, are references to that section of memory that contains
the program being executed. Data references refer to that

section of memory that contains data. Generally, operand reads
are from the data space. All operand writes are to the data
space.

Register Specification

The register field within an instruction specifies the register
to be used. Other fields within the instruction specify whether
the register selected is an address or data register and how the
register is to be used.

Effective Address

Most instructions specify the location of an operand by using the
effective address field in the operation word. The effective
address is composed of two 3-bit fields: the mode field and the
register field. The value in the mode field selects the
different address modes. The register field contains the number
of a register.

The effective address field may require additional information to
fully specify the operand. This additional information, called
the effective address extension, is contained in the following
word or words and is considered part of the instruction. The
effective address modes are grouped into three categories:
register direct, memory addressing, and special.

Register Direct Modes. These effective addressing modes
specify that the operand is in one of six registers or one of
four control registers.

In the Data Register Direct Mode the operand is specified by the
effective address register field.

In the Address Register Direct Mode the operand is specified by
the effective address register field.
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Memory Address Modes. These effective addressing modes
specify that the operand is in memory and provide the specific
address of the operand.

In The Address Register Indirect Mode the register field
specifies the address of the operand. The reference is
classified as a data reference with the exception of the lump and
Jjump-to-subroutine instructions.

In the Address Register Indirect With Postincrement Mode the
register field specifies the address of the operand. After the
operand address is used, it is incremented by one, two, or four
depending upon whether the size of the operand is byte, word, or
long word. If the address register is the stack pointer and the
operand size is byte, the address is incremented by two rather
than one to keep the stack pointer on a word boundary. The
reference is classified as a data reference.

In The Address Register Indirect With Predecrement Mode the
operand address is specified by the register field. Before the
operand address is used, it is decremented by one, two, or four
depending upon whether the operand size is byte, word, or long
word. If the address register is the stack pointer and the
operand size is byte, the address is decremented by two rather
than one to keep the stack pointer on a word boundary. The
reference is classified as a data reference.

In Address Register Indirect With Displacement Mode. This
addressing mode requires one word of extension. The address of
the operand is the sum of the address in the address register and
the sign-extended 16-bit displacement integer in the extension
word. The reference is classified as a data reference with the
exception of the Jjump and Jjump-to-subroutine instructions.

In Address Register Indirect With Index Mode only one word of
extension is needed. The address of the operand is the sum of
the address in the address register, the sign- extended
displacement integer in the low order eight bits of the extension
word, and the contents of the index register. The index may be
specified as the sign extended low-order word or the long word in
the index register. The reference is classified as a data
reference with the exception of the Jjump and jump-to-subroutine
instructions.
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Special Address Modes. The special address modes use
the effective address register field to specify the special
addressing mode instead of a register number.

In Absolute Short Address Mode a word extension is required. The
address of the operand is in the extension word. The 16-bit
address is sign extended before it is used. The reference is
classified as a data reference with the exception of the Jjump and
jump-to-subroutine instructions.

The Absolute Long Address Mode mode requires two words of
extension. The address of the operand is developed by the
concatenation of the extension words. The high order part of the
address is the first extension word; the low order part of the
address is the second extension word. The reference is
classified as a data reference with the exception of the jump and
jump-to-subroutine instructions.

Program Counter With Displacement Mode requires one word of
extension. The address of the operand is the sum of the address
in the program counter and the sign-extended 16-bit displacement
integer in the extension word. The value in the program counter
is the address of the extension word. The reference is
classified as a program reference.

Program Counter With Index Mode requires one word of extension.
The address is the sum of the address in the program counter, the
sign-extended displacement integer in the lower eight bits of the
extension word, and the contents of the index register. The
index may be specified as the sign extended low-order word or the
long word in the index register. The value in the program
counter is the address of the extension word. The reference is
classified as a program reference.

Immediate Data Mode requires either one or two words of extension
depending on the size of the operation.

o Byte Operation - the operand is in the low order byte of
extension word.

o Word Operation - the operand is in the extension word.
o Long Word Operation - the operand is in the two extension

words, high order 16 bits are in the first extension word,
low order 16 bits are in the second extension word.
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Some instructions in Implicit Reference Mode make implicit
reference to the program counter (PC), the system stack pointer
(SP), the supervisor stack pointer (SSP), the user stack pointer
(USP), the status register (SR), the condition code register
(CCR), the vector base register (VBR), or the alternate function
code registers (SFC or DFC).

A selected set of instructions may reference the status
register by means of the effective address field. These are:

ANDI to CCR EORI to SR MOVE to CCR
ANDI to SR ORI to CCR MOVE to SR
EORI to CCR ORI to SR MOVE from SR

System Stack

The system stack is used implicitly by many instructions; user
stacks and queues may be created and maintained through the
addressing modes. Address register seven (A71 is the system stack
pointer (SP). The system stack pointer is either the supervisor
stack pointer (SSP) or the user stack pointer (USP), depending on
the state of the S bit in the status register. If the S bit
indicates supervisor state, the SSP is the active system stack
pointer and the USP cannot be referenced as an address

register. If the S bit indicates user state, the USP is the
active system stack pointer, and the SSP cannot be referenced.
Each system stack fills from high memory to low memory.

Bus Arbitration

Bus arbitration is a technique used by master-type devices to
request, be granted, and acknowledge bus mastership. 1In its
simplest form, it consists of the following:

1. asserting a bus mastership request,

2. receiving a grant that the bus is available at the end of the
current cycle, and

3. acknowledging that mastership has been assumed.

Since a number of devices in the 4404 system are capable of bus
mastership, the bus request line from each device is wire ORed to
the processor. In this system there could be more than one bus
request being made, so the bus grant signal is negated a few
clock cycl:s after the transition of the acknowledge (BGACK)
signal.
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However, if bus requests are still pending, the processor will
assert another bus grant within a few clock cycles after it was
negated. This additional assertion of bus grant allows external
arbitration circuitry to select the next bus master before the
current bus master has completed its requirements. The
following paragraphs provide additional information about the
three steps in the arbitration process.

Requesting the Bus. External devices capable of

becoming bus masters request the bus by asserting the bus request
(BR) signal. This is a wire-ORed signal (although it need not be
constructed from open-collector devices) that indicates to the
processor that some external device requires control of the
external bus. The processor is effectively at a lower bus
priority level than the external device and will relinquish the
bus after it has completed the last bus cycle it has started.

When no acknowledge is received before the bus request signal
goes inactive, the processor will continue processing when it
detects that the bus request is inactive. This allows ordinary
processing to continue if the arbitration circuitry responded
to noise inadvertently.

Receiving the Bus Grant. The processor asserts bus

grant (BG) as soon as possible. Normally this is immediately
after internal synchronization. The only exception to this
occurs when the processor has made an internal decision to
execute the next bus cycle but has not progressed far enough into
the cycle to have asserted the address strobe (AS) signal. 1In
this case, bus grant will be delayed until AS is asserted to
indicate to external devices that a bus cycle is being executed.

Acknowledgement of Mastership. Upon receiving a bus

grant, the requesting device waits until address strobe, data
transfer acknowledge, and bus grant acknowledge are negated
before issuing its own BGACK. The negation of the AS indicates
that the previous master has completed its cycle; the negation of
BGACK indicates that the previous master has released the bus.
(While address strobe is asserted, no device is allowed to "break
into" a cycle.) The negation of DTACK indicates the previous
slave has terminated its connection to the previous master. Note
that in some applications data transfer acknowledge might not
enter into this function. General purpose devices would then be
connected such that they were only dependent on address strobe.
When bus grant acknowledge is issued, the device is a bus master
until it negates bus grant acknowlede. Bus grant acknowledge
should not be negated until after the bus cycle(s) is (are)
completed. Bus mastership is terminated at the negation of bus
grant acknowledge.
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The bus request from the granted device should be negated after
bus grant acknowledge is asserted. If bus request is still
pending, another bus grant will be asserted within a few clocks
of the negation of the bus grant. The processor does not perform
any external bus cycles before it re-asserts bus grant.

Bus Arbitration Control

The bus arbitation control unit in the MC68010 is implemented
with a finite state machine. All asynchronous signals to the
MC68010 are synchronized before they are used internally. This
synchronization is accomplished in a maximum of one cycle of the
system clock, assuming that the asynchronous input setup time has
been met. The input signal is sampled on the falling edge of the
clock and is valid internally after the next rising edge.

Input signals labeled R and A are internally synchronized on the
bus request and bus grant acknowledge pins respectively. The bus
grant output is labeled G and the internal three-state control
signal T. If T is true, the address, data, and control buses are
placed in a high-impedance state when AS is negated. All signals
are shown in positive logic (active high) regardless of their
true active voltage level.

State changes (valid outputs) occur on the next rising edge after
the internal signal is valid.

If a bus request is made at a time when the MPU has already begun
a bus cycle but AS has not been asserted (bus state SO), BG will
not be asserted on the next rising edge. Instead, BG will be
delayed until the second rising edge following its internal
assertion.

Bus Error and Halt Operation

External circuitry is used to determine the duration between
address strobe and data transfer acknowledge before issuing a bus
error signal. When a bus error or/and halt signal is received,
the processor will initiate a bus error exception sequence or try
to re-run the bus cycle.

In addition to a bus timeout indicator, the bus error input is
used to indicate a page fault in a virtual memory system. When an
external memory management unit detects an invalid access, a bus
error is signaled to suspend execution of the current
instruction. .
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Bus Error Operation. When the bus error signal is used

to terminate a bus cycle, the MC68010 will enter exception
processing immediately following the bus cycle. The bus error
signal is recognized in either of the following cases:

1. DTACK and HALT are negated and BERR is asserted.

2. HALT and BERR are negated and DTACK is asserted. BERR is
then asserted within one clock cycle.

When the bus error condition is recognized, the current bus cycle
will be terminated in S9 for a read cycle, a write cycle, or the
read portion of a read-modify-write cycle and in S21 of the write
portion of a read-modify-write cycle. As long as BERR remains
asserted, the data and address buses will be in the
high-impedance state.

After the aborted bus cycle is terminated and BERR is negated,
the MC68010 enters exception processing for the bus error
exception. During the exception processing sequence, the
following information is placed on the supervisor stack:

1. Status register

2. Program counter (two words, may be up to five words past the
instruction being executed)

5. Frame format and vector offset
4. Internal register information, 22 words

The first four words of information are identical to

the information stacked by any other exception such as an
interrupt or TRAP instruction. The additional information is used
by the MC68010 to continue the execution of the suspended
instruction when it is reloaded by a RTE instruction.

After the MC68010 has placed the above information on the stack,
the bus error exception vector is read from vector table entry
number two {(ocffset $08) and placed in the program counter. The
processor then resumes instruction execution.

If a read-modify-write instruction is terminated with a bus error
and later continued with an RTE instruction, the processor will
rerun the entire cycle whether the bus error occurred on the read
or the write portion of the cycle.
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Re-Run Operation. When, during a bus cycle, the

processor receives a bus error signal and the halt pin is being
driven by an external device, the processor enters the rerun
sequence. A delayed rerun signal may be used similarly to the
delayed bus error signal described above.

The processor terminates the bus cycle, then puts the address and
data lines in the high-impedence state. The processor remains
"halted", and will not run another bus cycle until the halt
signal is removed by external logic. Then the processor will
rerun the previous cycle using the same function codes, the

same data (for a write operation), and the same address. The bus
error signal should be removed at least one clock cycle before
the halt signal is removed.

The processor will not rerun a read-modify-write cycle. This
restriction is made to guarantee that the entire cycle runs
correctly and that the write operation of a test-and-set
operation is performed without ever releasing AS. If BERR and
HALT are asserted during a read-modify-write bus cycle, a bus
error operation results.

Halt Operation. The halt input signal to the MC68010

performs a halt/run/single-step function in a similar fashion to
the M6800 halt function. The halt and run modes are somewhat
self explanatory in that when the halt signal is constantly
active the processor "halts" (does nothing) and when, the halt
signal is constantly inactive the processor "runs" (does
something).

This single-step mode is derived from correctly timed transitions
on the halt signal input. It forces the processor to execute a
single bus cycle by entering the run mode until the processor
starts a bus cycle then changing to the halt mode. Thus, the
single-step mode allows the user to proceed through (and
therefore debug) processor operations one bus cycle at a time.

When the processor completes a bus cycle after recognizing that
the halt signal is active, most three-state signals are put in
the high-impedence state. These include:

0 Address lines

o Data lines

This is required for correct performance of the re-run bus cycle
operation.
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While the processor is honoring the halt request, bus arbitration
performs as usual. That is, halting has no effect on bus
arbitration. It is the bus arbitration function that removes the
control signals from the bus.

The halt function and the hardware trace capability allow the
hardware debugger to trace single bus cycles or single
instructions at a time. These processor capabilities, along with
a software debugging package, give total debugging flexibility.

Double Bus Faults. When a bus error exception occurs,

the processor will attempt to stack several words containing
information about the state of the machine. If a bus error
exception occurs during the stacking operation, there have been
two bus errors in a row. This is commonly referred to as a
double bus fault. When a double bus fault occurs, the processor
will halt and drive the HALT line low. Once a bus error
exception has occurred, any bus error exception occurring before
the execution of the next instruction constitutes a double bus
fault.

A bus cycle which is rerun does not constitute a bus error
exception and does not contribute to a double bus fault. Note
also that this means that as long as the external hardware
requests it, the processor will continue to rerun the same bus
cycle.

The bus error pin also has an effect on processor operation after
the processor receives an external reset input. The processor
reads the vector table after a reset to determine the address to
start program execution. If a bus error occurs while reading

the vector table (or at any time before the first instruction is
executed), the processor reacts as if a double bus fault has
occurred and it halts. Only an external reset will start a halted
processor.

Reset Operation

The reset signal is a bi-directional signal that allows either

the processor or an external device to reset the system. Both

the halt and reset lines must be asserted to ensure total reset
of the processor in all cases.

When the reset and halt lines are driven by an external device,

it is recognized as an entire system reset, including the
processor. The processor responds by reading the reset vector
table entry (vector number zero, address $000000) and loads it
into the supervisor stack pointer (SSP). Vector table entry
number one at address $000004 is read next and loaded into the
program counter. The processor initializes the status register

to an interrupt level of seven and the vector base register to
$00000000. No other registers are affected by the reset sequence.
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When a reset instruction is executed, the processor drives the
reset pin for 124 clock periods. In this case, the processor is
trying to reset the rest of the system. Therefore, there is no
effect on the internal state of the processor. All of the
processor's internal registers and the status register are
unaffected by the execution of a reset instruction. All external
devices connected to the reset line should be reset at the
completion of the reset instruction.

Asserting the RESET and HALT lines for ten clock cycles will
cause a processor reset, except when VCC is initially applied to
the processor. In this case, an external reset must be applied
for at least 100 milliseconds.

RELATIONSHIP OF DTACK, BERR, AND HALT

In order to properly control termination of a bus cycle for a
re-run or a bus error condition, DTACK, BERR, and HALT should be
asserted and negated on the rising edge of the MC68010 clock.
This will assure that when two signals are asserted
simultaneously, the required setup time for both of them will be
met during the same bus state. This, or some equivalent
precaution, should be designed external to the MC68010.

The bus cycle terminations are as follows:

0 Normal Termination: DTACK is asserted, BERR and HALT remain
negated.

0 Halt Termination: HALT is asserted at same time, or before
DTACK and BERR remains negated.

0 Bus Error Termination: BERR is asserted in lieu of, at the
same time, or before DTACK, or after DTACK and HALT remains
negated; BERR is negated at the same time or after DTACK.

o ReRun Termination: HALT and BERR are asserted in lieu of, at
the same time, or before DTACK or after DTACK; BERR is
negated at the same time or after DTACK, HALT must be held
at least one cycle after BERR.
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SYNCHRONOUS OPERATION

The 4404 uses the system clock as a signal to generate DTACK and
other asynchronous inputs. If this setup is met on an input,
such as DTACK, the processor is guaranteed to recognize that
signal on the next falling edge of the system clock. However,
the converse is not true-if the input signal does not meet the
setup time it is not guaranteed not to be recognized. 1In
addition, if DTACK is recognized on a falling edge, valid data
will be latched into the processor (on a read cycle) on the next
falling edge provided that the data meets the setup time. Given
this, if DTACK is asserted, with the required setup time, before
the falling edge of S4, no wait states will be incurred and the
bus cycle will run at its maximum speed of four clock periods.

In order to assure proper operation in a synchronous system when
BERR is asserted after DTACK, BERR must meet the setup time prior
to the falling edge of the clock one clock cycle after DTACK was
recognized. ‘

During an active bus cycle, VPA and BERR are sampled on every
falling edge of the clock starting with SO. DTACK is sampled on
every falling edge of the clock starting with S4 and data is
latched on the falling edge of S6 during a read. The bus cycle
will then be terminated in S7 except when BERR is asserted in the
absence of DTACK, in which case it will terminate one clock cycle
later in S9.

PROCESSING STATES

This following paragraphs describe the actions of the MC68010
which are outside the normal processing associated with the
execution of instructions. The functions of the bits in the
supervisor portion of the status register are covered: the
supervisor/user bit, the trace enable bit, and the processor
interrupt priority mask. Finally, the sequence of memory
references and actions taken by the processor on exception
conditions are detailed.

The MC68010 is always in one of three processing states: normal,
exception, or halted. The normal processing state is that
associated with instruction execution; the memory references are
to fetch instructions and operands, and to store results. Two
special cases of the normal state are the stopped state, which
the processor enters when a STOP instruction is executed, and the
loop mode, which the processor may enter when a DBcc instruction
is executed. 1In the stopped state, no further memory references
are made; and, in the loop mode, only operand references are
made.
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The exception processing state is associated with interrupts,

trap instructions, tracing and other exceptional conditions.

The exception may be internally generated by an instruction or by
an unusual condition arising during the execution of an
instruction. Externally, exception processing can be forced by an
interrupt, by a bus error, or by a reset. Exception processing is
designed to provide an efficient context switch so that the
processor may handle unusual conditions.

The halted processing state is an indication of catastrophic
hardware failure. For example, if during the exception
processing of a bus error another bus error occurs, the processor
assumes that the system is unusable and halts. Only an external
reset can restart a halted processor. Note that a processor in
the stopped state is not in the halted state, nor vice versa.

Privilege States

The processor operates in one of two states of privilege: the
"supervisor" state or the "user" state. The privilege state
determines which operations are legal, are used to choose between
the supervisor stack pointer and the user stack pointer in
instruction references, and may by used by an external memory
management device to control and translate accesses.

The privilege state is a mechanism for providing security in a
computer system. Programs should access only their own code and
data areas, and ought to be restricted from accessing
information which they do not need and must not modify.

The privilege mechanism provides security by allowing most
programs to execute in user state. In this state, the accesses
are controlled, and the effects on other parts of the system are
limited. The operating system executes in the supervisor state,
has access to all resources, and performs the overhead tasks for
the user programs.

Supervisor State. The supervisor state is the higher

state of privilege. For instruction execution, the supervisor
state is determined by the S bit of the status register; if the S
bit is asserted (high 1, the processor is in the supervisor
state. All instructions can be executed in the supervisor state.
The bus cycles generated by instructions executed in the
supervisor state are classified as supervisor references. While
the processor is in the supervisor privilege state, those
instructions which use either the system stack pointer implicitly
or address register seven explicitly access the supervisor stack
pointer.
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All exception processing is done in the supervisor state,
regardless of the previous setting of the S bit. The bus cycles
generated during exception processing are classified as
supervisor references. All stacking operations during exception
processing use the supervisor stack pointer.

User State. The user state is the lower state of

privilege. For instruction execution, the user state is
determined by the S bit of the status register; if the S bit is
negated (low), the processor is executing instructions in the
user state.

Most instructions execute the same in user state as in the
supervisor state. However, some instructions which have
important system effects are made privileged. User programs are
not permitted to execute the STOP instruction, or the RESET
instruction. To ensure that a user program cannot enter the
supervisor state except in a controlled manner, the instructions
which modify the whole status register are privileged. To aid in
debugging programs which are to be used as operating systems, the
move from status register (MOVE from SR), move to/from user stack
pointer (MOVE USP), move to/from control register (MOVEC), and
move alternate address space (MOVES) instructions are also
privileged.

The bus cycles generated by an instruction executed in the user
state are classified as user state references. This allows an
external memory management device to translate the address and to
control access to protected portions of the address space. While
the processor is in the user privilege state, those instructions
which use either the system stack pointer implicitly or address
register seven explicitly, access the user stack pointer.

Privilege State Changee. Once the processor is in the

user state and executing instructions, only exception processing
can change the privilege state. During exception processing, the
previous setting of the S bit of the status register is saved and
the S bit is asserted, putting the processor in the supervisor
state. Therefore, when instruction execution resumes at the
address specified to process the exception, the processcor is in
the supervisor privilege state.

Reference Classification. When the processor makes a

reference, it classifies the kind of reference being made, using
the encoding on the three function code output lines. This
allows external translation of addresses, control of access, and
differentiation of special processor state, such as interrupt
acknowledge.
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Exception Processing

The processing of an exception occurs in four steps, with
variations for different exception causes. During the first
step, a temporary copy of the status register is made and the
status register is set for exception processing. In the second
step the exception vector is determined and the third step is the
saving of the current processor context. In the fourth step a
new context is obtained and the processor resumes instruction
processing.

Exception Vectors. Exception vectors are memory

locations from which the processor fetches the address of a
routine which will handle that exception. All exception vectors
are two words in length, except for the reset vector, which is
four words. All exception vectors lie in the supervisor data
space, except for the reset vector which is in the supervisor
program space. A vector number is an 8-bit number which, when
multiplied by four, gives the offset of an exception vector.
Vector numbers are generated internally or externally, depending
on the cause of the exception. In the case of interrupts, during
the interrupt acknowledge bus cycle, a peripheral provides an
8-bit vector number to the processor on data bus lines DO through
D7. The processor translates the vector number into a full
32-bit offset which is added to the contents of the vector base
register to generate the address used to fetch the vector.

The memory layout is 512 words long (1024 bytes). It starts at
offset O and proceeds through offset 1023. This provides 255
unique vectors; some of these are reserved for TRAPS and other
system functions. Of the 255, there are 192 reserved for user
interrupt vectors. However, there is no protection on the first
63 entries.

Exception Stack Frame. Exception processing saves the

most volatile portion of the current processor context on the top
of the supervisor stack. This context is organized in a format
called the exception stack frame. This information always
includes the status register and program counter of the processor
when the exception occurred. 1In order to support generic
handlers, the processor also places the vector offset in the
exception stack frame. The format code field allows the RTE
(return from exception) instruction to identify what information
is on the stack so that it may be properly restored. The format
0000 is always legal, and indicates that Jjust the first four
words of the frame are present.
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Kinds of Exceptions. Exceptions can be generated by

either internal or external causes. The externally generated
exceptions are the interrupts, bus error, and reset requests.

The interrupts are requests from peripheral devices for processor
action while the bus error and reset inputs are used for access
control and processor restart. The internally generated
exceptions come from instructions, or from address errors or
tracing. The trap (TRAP), trap on overflow (TRAPV), check data
register against upper bounds (CHK), and divide (DIV)
instructions all can generate exceptions as part of their
instruction execution. 1In addition, illegal instructions, word
or long word fetches from odd addresses, and privilege violations
cause exceptions. Tracing behaves like a very high-priority
internally-generated interrupt after each instruction execution.

Exception Processing Sequence. Exception processing

occurs in four identifiable steps. In the first step, an
internal copy is made of the status register. After the copy is
made, the S bit is asserted, putting the processor into the
supervisor privilege state. Also, the T bit is negated which
will allow the exception handler to execute unhindered by
tracing. For the reset and interrupt exceptions, the interrupt
priority mask is also updated.

In the second step, the vector number of the exception is
determined. For interrupts, the vector number is obtained by a
processor fetch classified as an interrupt acknowledge. For all
other exceptions, internal logic provides the vector number.
This vector number is then used to generate the offset of the
exception vector and is added to the vector base register.

The third step is to save the current processor status, except
for the reset exception. The exception stack frame is created at
the top of the supervisor stack. The current program counter
value, the saved copy of the status register, and the
format/offset word are written into the stack frame. The program
counter value stacked usually points to the next unexecuted
instruction.

However, for bus error and address error, the value stacked for
the program counter is unpredictable, and may be incremented by
up to five words from the address of the instruction which caused
the error. Group 1 and 2 exceptions (see 5.2.5 Multiple
Exceptions) use a short format exception stack frame (format=
0000). Additional information defining the current context is
stacked for the bus error and address error exceptions.
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The last step is the same for all exceptions. The new program
counter value is fetched from the exception vector table. The
processor then resumes instruction execution. The instruction at
the address given in the exception vector is fetched, and

normal instruction decoding and execution is started.

Multiple Exceptions. These paragraphs describe the

processing which occurs when multiple exceptions arise
simultaneously. Exceptions can be grouped according to their
occurrence and priority. The group O exceptions are reset, bus
error, and address error. These exceptions cause the instruction
currently being executed to be aborted and the exception
processing to commence within two clock cycles. The group 1
exceptions are trace and interrupt, as well as the privilege
violations and illegal instructions. These exceptions allow the
current instruction to execute to completion, but preempt the
execution of the next instruction by forcing exception processing
to occur (privilege violations and illegal instructions are
detected when they are the next instruction to be executed). The
group 2 exceptions occur as part of the normal processing of
instructions. The TRAP, TRAPV, C-H K, and zero divide exceptions
are in this group. For these exceptions, the normal execution of
an instruction may lead to exception processing.

Group O exceptions have highest priority, while group 2
exceptions have lowest priority. Within group O, reset has
highest priority, followed by address error and then bus error.
Within group 1, trace has priority over external interrupts,
which in turn takes priority over illegal instruction and
privilege violation. Since only one instruction can be executed
at a time, there is no priority relation within group 2.

The priority relation between two exceptions determines which is
taken, or taken first, if the conditions for both arise
simultaneously. Therefore, if a bus error occurs during a TRAP
instruction, the bus error takes precedence, and the TRAP
instruction processing is suspended. In another example, if an
interrupt request occurs during the execution of an instruction
while the T bit is asserted, the trace exception has priority,
and is processed first. Before instruction processing resumes,
however, the interrupt exception is also processed, and
instruction processing commences finally in the interrupt handler
routine.
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EXCEPTION PROCESSING IN DETAIL

Exceptions have a number of sources and each exception has
processing which is peculiar to it. The following paragraphs
detail the sources of exceptions, how each arises, and how each
is processed.

Reset

The reset input provides the highest exception level. The
processing of the reset signal is designed for system initiation,
and recovery from catastrophic failure. Any processing in
progress at the time of the reset is aborted and cannot be
recovered. The processor is forced into the supervisor state,
the trace state is forced off, and the processor interrupt
priority mask is set to level seven. The vector base register 1is
set to $00000000 and the vector number is internally generated to
reference the reset exception vector at location O in the
supervisor program space.

Because no assumptions can be made about the validity of register
contents, in particular the supervisor stack pointer, neither the
program counter nor the status register is saved. The address
contained in the first two words of the reset exception vector is
fetched as the initial supervisor stack pointer, and the address
in the last two words of the reset exception vector is fetched as
the initial program counter. Finally, instruction execution is
started at the address in the program counter. The
power-up/restart code is pointed to by the initial program
counter.

The reset instruction does not cause loading of the reset vector,
but does assert the reset line to reset external devices. This
allows the software to reset the system to a known state and then
continue processing with the next instruction.

Interrupts

Seven levels ¢f interrupt priorities are provided. Devices may be
chained externally within interrupt priority levels, allowing an
unlimited number of peripheral devices to interrupt the

processor. Interrupt priority levels are numbered from one to
seven, level seven being the highest priority. The status
register contains a 3-bit mask which indicates the current
processor priority, and interrupts are inhibited for all pcriority

levels less than or equal to the current processor priority.
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An interrupt request is made to the processor by encoding the
interrupt request level on the interrupt request lines; a zero
indicates no interrupt request. Interrupt requests arriving at
the processor do not force immediate exception processing, but
are made pending. Pending interrupts may cause exception
processing to start at the end of an instruction depending on the
current processor priority level. 1If the priority of the

pending interrupt is lower than or equal to the current processor
priority, execution continues with the next instruction and the
interrupt exception processing is postponed. (The recognition

of level seven is slightly different, as explained in the
following paragraph.)

If the priority of the pending interrupt is greater than the
current processor priority, the exception processing sequence is
started. A copy of the status register is saved, the privilege
state is set to supervisor state, tracing is suppressed, and the
processor priority level is set to the level of the interrupt
being acknowledged. The processor fetches the vector number from
the interrupting device, classifying the reference as an
interrupt acknowledge and displaying the level number of the
interrupt being acknowledged on the address bus.

If external logic requests automatic vectoring, the processor
internally generates a vector number which is determined by the
interrupt level number. If external logic indicates a bus error,
the interrupt is taken to be spurious, and the generated vector
number references the spurious interrupt vector. The processor
then proceeds with the usual exception processing, saving the
format/offset word, program counter,.and status register on the
supervisor stack.

The offset value in the format/offset word is the externally
supplied or internally generated vector number multiplied by
four. The format will be all zeroces. The saved value of the
program counter is the address of the instruction which would
have been executed had the interrupt not been present. The
content of the interrupt vector whose vector number was
previously obtained is fetched and loaded into the program
counter, and normal instruction execution commences in the
interrupt handling routine.

Priority level seven is a special case. Level seven interrupts
cannot be inhibited by the interrupt priority mask, thus
providing a "non-maskable interrupt" capability. An interrupt is
generated earh time the interrupt request level changes from some
lower level to level seven. Note that a level seven interrupt
may still be caused by the level comparison if the request level
is a seven and the processor priority is set to a lower level by
an instruction.
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Uninitialized Interrupt Uninitialized Interrupt Uninitialized
Interrupt Uninitialized Interrupt Uninitialized Interrupt U
ninitialized Interrupt

An interrupting device asserts VPA, BERR, or provides an
interrupt vector number and asserts DTACK during an interrupt
acknowledge cycle by the MC68010. If the vector register has not
been initialized, the responding peripheral will provide the
uninitialized interrupt vector. This provides a uniform way to
recover from a programming error.

Spurious Interrupt

If during the interrupt acknowledge cycle no device responds by
asserting DTACK or VPA, BERR should be asserted to terminate the
vector acquisition. The processor separates the processing of
this error from bus error by forming a short format exception
stack and fetching the spurious interrupt vector instead of the
bus error vector. The processor then proceeds with the usual
exception processing.

Instruction Traps

Traps are exceptions caused by instructions. They arise either
from processor recognition of abnormal conditions during
instruction execution, or from use of instructions whose normal
behavior is trapping.

Some instructions are used specifically to generate traps. The
TRAP instruction always forces an exception and is useful for
implementing supervisor calls for user programs. The TRAPV and
CHK instructions force an exception if the user program detects a
runtime error, which may be an arithemetic overflow or a
subscript out of bounds.

The signed divide (DIVS) and unsigned divide (DIVU) instructions
will force an exception if a division operation is attempted
with a divisor of zero.

Illegal and Unimplemented Instructions

Illegal instruction is the term used to refer to any of the word
bit patterns which are not the bit patterns of the first word of
a legal MC68010 instruction. During instruction execution, if
such an instruction is fetched, an illegal instruction exception
occurs. Motorola reserves the right to define instructions i1hose
opcodes may be any of the illegal instructions. Three bit
patterns will always force an illegal instruction trap on all
M68000 Family compatible microprocessors. They are: $4AFA,
$4AFB, and $4AFC.
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In addition to the previously defined illegal instruction
opcodes, the MC68010 defines eight breakpoint illegal
instructions with the bit patterns $4848-$484F. These
instructions cause the processor to enter illegal instruction
exception processing as usual, but a breakpoint bus cycle is
executed before the stacking operations are performed. The
processor does not accept or send any data during this cycle.
Whether the breakpoint cycle is terminated with a DTACK, BERR, or
VPA signal, the processor will continue with the illegal
instruction processing. The purpose of this cycle is to provide
a software breakpoint that will signal external hardware when it
is executed.

Word patterns with bits 12-15 equaling 1010 or 1111 are
distinguished as unimplemented instructions and separate
exception vectors are given to these patterns to permit efficient
emulation. This facility allows the operating system to detect
program errors, or to emulate unimplemented instructions in
software.

Privilege Violations

In order to provide system security, various instructions are
privileged. An attempt to execute one of the privileged
instructions while in the user state will cause an exception. The
privileged instructions are:

AND Immediate to SR MOVE USP
EOR Immediate to SR OR Immediate to SR
MOVE to SR RESET
MOVE from SR RTE
MOVEC STOP
MOVES
Tracing

To aid in program development, the MC68010 includes a facility to
allow instruction-by-instruction tracing. In the trace state,
after each instruction is executed an exception is forced,
allowing a debugging program to monitor the execution of the
program under test

The trace facility uses the T bit in the supervisor portion of
the status register. If the T bit is negated (off), tracing is
disabled, and instruction execution proceeds from instruction to
instruction as normal. If the T bit is asserted (on) at the
beginning of the execution of an instruction, a trace exception
will be generated as the execution of that instruction is
completed.
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If the instruction is not executed, either because an interrupt
is taken, or the instruction is illegal or privileged, the trace
exception does not occur. The trace exception also does not
occur if the instruction is aborted by a reset, bus error, or
address error exception.

If the instruction is indeed executed and an interrupt is pending
on completion, the trace exception is processed before the
interrupt exception. If, during the execution of the instruction
an exception is forced by that instruction, the forced exception
is processed before the trace exception.

As an extreme illustration of the above rules, consider the
arrival of an interrupt during the execution of a TRAP

instruction while tracing is enabled. First the trap exception is
processed, then the trace exception, and finally the interrupt
exception. Instruction execution resumes in the interrupt handler
routine.

Bus Error

Bus error exceptions occur when external logic terminates a bus
cycle with a bus error signal. Whether the processor was doing
instruction or exception processing, that processing is
terminated, and the processor immediately begins exception
processing. However, if a bus error occurs during exception
processing for a bus error, address error, or reset, the
processor detects a double bus fault and halts. When exception
processing is completed, instruction execution continues at the
address contained in exception vector table entry two, at offset
$008.

Exception processing for a bus error follows a slightly different
sequence than the sequence for group 1 and 2 exceptions. 1In
addition to the four steps executed during exception processing
for all other exceptions, 22 words of additional information are
placed on the stack. This additional information describes the
internal state of the processor at the time of the bus error and

is reloaded by the RTE instruction to continue the instruction
that caused the error.

The value of the saved program counter does not necessarily point
to the instruction that was executing when the bus error
occurred, but may be advanced by up to five words. This is due
to the prefetch mechanism on the MC68010 that always fetches a
new instruction word as each previously fetched instruction word
is used (see Instruction Prefetch).
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However, enough information is placed on the stack for the bus
error exception handler routine to determine why the bus fault
occurred. This additional information includes the address that
was being accessed, the function codes for the access, whether it
was a read or a write, and what internal register was included in
the transfer.

The fault address can be used by an operating system to determine
what virtual memory location is needed so that the requested data
can be brought into physical memory. The RTE instruction is then
used to reload the processor's internal state at the time of the
fault, the faulted bus cycle will then be rerun and the suspended
instruction completed. If the faulted bus cycle was a
read-modify-write, the entire cycle will be rerun whether the
fault occurred during the read or the write operation.

An alternate method of handling a bus error is to complete the
faulted access in software. In order to use this method, use of
the special status word, the instruction input buffer, the data .
input buffer, and the data output buffer image is required. If
the bus cycle was a write, the data output buffer image should be
written to the fault address location using the function code
contained in the special status word. 1If the cycle was a read,
the data at the fault address location should be written to the
images of the data input buffer, instruction input buffer, or
both according to the DF and IF bits.

In addition, for read-modify-write cycles, the status register
image must be properly set to reflect the read data if the fault
occurred during the read portion of the cycle and the write
operation (i.e., setting the most significant bit of the memory
location) must also be performed. This is because the entire
read-modify-write cycle is assumed to have been completed by
software. Once the cycle has been completed by software, the RR
bit in the special status word is set to indicate to the
processor that it should not rerun the cycle when the RTE
instruction is executed. If the rerun flag is set when an RTE
instruction executes, the MC68010 still reads all of the
information from the stack.

Address Error

Address error exceptions occur when the processor attempts to
access a word or long word operand or an instruction at an odd
address. The effect is much like an internally generated bus
error, so that tle bus cycle is aborted, and the processor begins
exception processing.
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After exception processing commences, the sequence is the same as
that for bus error including the information that is stacked,
except that the vector offset refers to the address error
exception vector. If an address error occurs during exception
processing for a bus error, address error, or reset, the
processor detects a double bus fault and halts.

An address error will execute a short bus cycle followed by
exception processing. This short bus cycle is similar to a
normal read or write cycle, except that the data strobes are not
asserted and no external signals are used to terminate the cycle.
During an address error bus cycle, AS is asserted to indicate
that the MC68010 will drive the address bus (thus allowing for
proper operation in a multiple bus master system). Note that
data strobes are not asserted allowing for address error
detection and memory protection.

Since the address error exception stacks the same information
that is stacked by a bus error exception, it is possible to use
the RTE instruction to continue execution of the suspended
instruction. However, if the software rerun flag is not set,

the fault address will be used when the cycle is rerun and
another address error exception will occur. Therefore, the user
must be certain that the proper corrections have been made to the
stack image and user registers before attempting to continue the
instruction. With proper software handling, the address error
exception handler could emulate word or long word accesses to odd
addresses if desired.

Return From Exception

In addition to returning from any exception handler routine, the
RTE instruction is used to resume the execution of a suspended
instruction by restoring all of the temporary register and
control information stored during a bus error and returning to
the normal processing state.

For the RTE instruction to execute properly, the stack must
contain valid and accessible data. The RTE instruction checks
for data validity in two ways; first, by checking the
format/offset word for a valid stack format code, and second, if
the format code indicates the long stack format, the long stack
data is checked for validity as it is loaded into the processor.
In addition, the data is checked for accessibility when the
processor starts reading the long data. Because of these checks,
the RTE instruction executes as follows:
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1.

Determine the stack format. This step is the same for any
stack format and consists of reading the status register,
program counter, and format/offset word. If the format
code indicates a short stack format, execution continues
at the new program counter address. If the format code is
not one of the MC68010 defined stack format codes,
exception processing starts for a format error.

Determine data validity. For a long stack format, the
MC68010 will begin to read the remaining stack data,
checking for validity of the data. The only word checked
for validity is the first of the 16 internal information
words. This word contains a processor version number in
addition to proprietary internal information that must
match the version number of the MC68010 that is attempting
to read the data.

This validity check is used to insure that in dual
processor systems, the data will be properly interpreted
by the RTE instruction if the two processors are of
different versions. If the version number is incorrect
for this processor, the RTE instruction will be aborted
and exception processing will begin for a format error
exception. Since the stack pointer is not updated until
the RTE instruction has successfully read all of the stack
data, a format error occurring at this point will not
stack new data over the previous bus error stack
information.

Determine data accessibility. If the long stack data is
valid, the MC68010 performs a read from the last word of
the long stack to determine data accessibility. If this
read is terminated normally, the processor assumes that
the remaining words on the stack frame are also
accessible. If a bus error is signaled before or during
this read, a bus error exception is taken as usual. After
this read, the processor must be able to load the
remaining data without receiving a bus error; therefore,
if a bus error occurs on any of the remaining stack reads,
the MC68010 treats this as a double bus fault and enters
the halted state.

INTERFACE WITH M6800 TYPE PERIPHERALS

To interface synchronous M6800 type peripherals with the
asynchronous MC68010, the processor modifies its bus cycle to
meet the M6800 cycle requirements whenever an M6800 device
address is detected. This is possible since both processors use
memory mapped I/0.

2.1-42

4404 COMPONENT-LEVEL SERVICE



SECTION 2.1
CPU Theory

Data Transfer Operation

Three signals on the processor provide the periphersl interface. They
are:

o Enable (E)
o Valid Memory Address (VMA)
o Valid Peripheral Address (VPA)

Enable corresponds to the E or phase 2 signal in existing M6800
systems. The bus frequency is one tenth of the incoming MC68010
clock frequency. The timing of E allows 1 megahertz peripherals
to be used with an 8 megahertz MC68010. Enable has a 60/40 duty
cycle; that is, it is low for six input clocks and high for four
input clocks. This duty cycle allows the processor to do
successive VPA accesses on successive E pulses.

At state zero (SO) in the cycle, the address bus is in the
high-impedence state. A function code is asserted on the
function code output lines. One-half clock later, in state 1,
the address bus is released from the high-impedence state.

During state 2, the address strobe (AS) is asserted to indicate
that there is a valid address on the address bus. If the bus
cycle is a read cycle, the upper and/or lower data strobes are
also asserted in state 2. If the bus cycle is a write cycle, the
read/write (R/W) signal is switched to low (write) during state
2. One-half clock later, in state 3, the write data is placed on
the data bus, and in state 4 the data strobes are issued to
indicate valid data on the data bus. The processor now inserts
wait states until it recognizes the assertion of VPA.

The VPA input signals the processor that the address on the bus
is the address of an M6800 device (or an area reserved for M6800
devices) and that the bus should conform to the phase 2 transfer
characteristics of the M6800 bus. Valid peripheral address is
derived by decoding the address bus, conditioned by the address
strobe. Chip select for the peripherals is derived by decoding
the address bus conditioned by VMA.

After recognition of VPA, the processor ensures that the enable
(E) is low, by waiting if necessary, and subsequently asserts VMA
two clock cycles before E goes high. VMA is then used as part of
the chip select equation of the peripheral. This ensures that
the M6800 peripherals are selected and deselected at the correct
time. The peripheral now runs its cycle during the high portion
of the E signal. The cycle length is dependent strictly upon
when VPA is asserted in relationship to the E clock.
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Since external circuitry asserts VPA as soon as possible after
the assertion of AS, VPA is recognized as being asserted on the
falling edge of S4. No "extra" wait cycles will be inserted
prior to the recognition of VPA asserted and only the wait cycles
inserted to synchronize with the E clock will determine the total
length of the cycle. The synchronization delay will be some
integral number of clock cycles within the following two
extremes:

1. Best Case - VPA is recognized as being asserted on the
falling edge three clock cycles before E rises (or three
clock cycles after E falls).

2. Worst Case - VPA is recognized as being asserted on the
falling edge two clock cycles before E rises (or four
clock cycles after E falls).

During a read cycle, the processor latches the peripheral data in
state 6. For all cycles, the processor negates the address and
data strobes one-half clock cycle later in state 7 and the enable
signal goes low at this time. Another half clock later, the
address bus is put in the high-impedence state. During a write
cycle, the data bus is put in the high-impedence state and the
read/write signal is switched high. The peripheral logic must
remove VPA within one clock after the address strobe is negated.

DTACK should not be asserted while VPA is asserted. Notice that
the MC68010 VMA is active low, contrasted with the active high
M6800 VMA. This allows the processor to put its buses in the
high-impedence state on DMA requests without inadvertently
selecting the peripherals.

During an interrupt acknowledge cycle while the processor is
fetching the vector, if VPA is asserted the MC68010 will assert
VMA and complete a normal read cycle. The processor will then
use an internally generated vector that is a function of the
interrupt being serviced. This process is known as
autovectoring. The seven autovectors are vector numbers 25
through 31 (decimal).

Autovectoring operates in the same fashion as the M6800 interrupt
sequence. The basic difference is that there are six normal
interrupt vectors and one NMI type vector. As with both the
M6800 and the MC68010's normal vectored interrupt, the interrupt
service routine can be located anywhere in the address space.
This is due to the f.ict that while the vector numbers are fixed,
the contents of the vector table entries are assigned by the
user.

Since VMA is asserted during autovectoring, the M6680 peripheral
address decoding should prevent unintended accesses.
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CLOCK OSCILLATOR AND RESET CIRCUIT

The whole system starts with a 40 megahertz oscillator (Y750)
which is run through a divider chain (U456) and generates a 4
phase, 10 megahertz clock. They are shown on the top right
corner of Figure 2.1-3. The phases are basicially Just four 90
degree out of phase lines.

There is also a reset chain (U656) and the 68010 generates a
reset by pulling them both low. They are both reset at the

same time. The clock is what starts everything running, and this
system has been made to be as synchronous as possible. So almost
eveything that happens is synchronous to one of the four phases
of the clock.

The processor status circuit across the center of Figure 2.1-3 is
basically a latch that drives a number LED's. The latch is
strobed by writing to the Boot ROM (which is normally a read only
device and the led's indicate the state of diagnosis in the
system. Normally all of the red led's would be off. On power up
the system goes through self test and flashes the lights as it
goes through the various sub-sections. There's one light for
each board.

The operation and code definitions of these LED's are given in
Section 4 of the Field Service Manual.

As mentioned earlier, one of the things the 68010 processor
provides is a sort of divide by 10 clock. It is called a divide
by 10 clock and it's a clock that has timing that is compatible
with the Motorola 6800 family of processors for compatibility.

It is a 1 microsecond period but is not a 50% duty cycle, it is a
4 and 1/2 cycles up.
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CPU AND BUFFERING CIRCUIT

The 4404 system is built around the 68010 to make the most
efficient use of the signals and timing of the 68010.

Basically, the 68010 is surrounded with functions that are for
support or electrical buffering including; bi-directional buffers,
data bus buffers, U367 and U467 are unidirectional, address bus
buffers (U459 and U559) and control signal buffers. A portion of
the address bus goes straight out to the system because it is not
mapped via the virtual memory implementation. The other address
lines go through a mapping table and get translated into physical
addresses.

MEMORY MANAGEMENT BLOCK

Five megabytes of the physical address space are reserved for
memory. One megabyte of memory is implemented on the processor
board. This memory is implemented with 256K bit dynamic RAM
chips as 512K words of 16 bits each. The memory requires no wait
states even with memory management enabled. Memory refresh is
accomplished via an automatic cycle stealing mechanism.

The 4404 memory management recognizes an 8-megabyte logical
address space which it maps into the 8-megabyte physical address
space. There are 2048 map entries, one for each logical page. A
page represents 4K bytes of address space. Memory management
provides interprocess and write protection on a page by page
basis. Virtual memory is provided by demand paging when a bus
fault occurs.

MAIN MEMORY

In a virtual memory system the processor can address more memory
than is physically implemented. By going through a mapping
function the system is fooled into believing that there is 8
megabytes of memory in the system and actually there is only 1 or
2 megabytes of physical memory implemented. The rest of the
memory is kept on the hard disk in the Mass Storage Unit and only
brought in when the processor wants to talk to it. So the
processor makes what is called virtual memory references.

A circuit exteinal to the processor translates the virtual memory

references into physical memory references and determines whether
that physical memory is actually in the system or not.
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There are a number of control signals that come out of the 68010
for controlling the buffers so that other bus masters or DMA
devices can be put in the system.

These are the signals that determine the interrupt processing.
The signals into U450 (shown on the top right of the schematic)
determine 68010's operating mode. The processor can run

in user mode or supervisor mode to give a level of protection to
programs which are running.

The system is a multitasking system and therefore can run more than
one program at a time. One of the functions of memory management
is to protect those programs from one another. So usually the
programs will run in this protected mode. There has to be an
overseer (U556) which controls the interaction between programs

not programs but in and out of the system. This other mode, the
supervisory function, is to handle the supervisor or system mode.

There are additional buffers and a pull up resistor package
(R662) that is designed to pull things up to the appropriate
state when they are not driven.

The autovector function that is built into the 68010 for handling
interrupts to the processor determines when the interrupt is
being processed by that signal that is fed back into the
processor through U450 and U453. The processor tells itself a
standard location to go to for handling an interrrupt as opposed
to having the interrupting device supply that information.

There's also a mechanism on U453 for allowing it to run the 6800
style bus cycles. This is used on the Debug Port and it also
gets polled.

MEMORY MANAGEMENT CIRCUIT

The Memory Management circuit starts with the RAM and basically a
look up table that translates the virtual address given by the
bus. The wvirtual address is given to the processor and the
physical address is given to the rest of the system. The RAM is
2000 entrys by 16 bits wide so that the entire virtual space can
be mapped in there. That corresponds to the 11 bits of the
address bus that has come through. Those bits come out and then
can be mapped into the physical address space and there isn't RAM
everywhere since there are also peripheral devices taking up
memory space.
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In addition to the actual translation of the address there are
also some additonal bits included in the RAM to indicate whether
that particular virtual memory page is really out there in memory
or whether it is still out there on disk also whether or not this
program is allowed to write to that page or not and whether it
has written to that page or not. This is important, because,

if the pages that are in memory have been written to they must be
cleared out and put back on the disk when another starts to run.

Since the programs all want to run at the same address they are
given their own address space. These addresses are then
translated through a multiplexer and go out as the system address
lines. They go through a multiplexer because, there are some
times when the processor is in system or supervisor mode and the
programmer will want to some pages for running a program that
will require an override of the protection for the mapping
scheme. So the multiplexer goes ahead and maps the same address
lines that come into the RAM on through.

There are 3 bits (located in the middle of the Figure 2.1-5 next
to the MUX block) which indicate that something has been loaded
into that page and what program is associated with it. The idea
being that there may be any number of programs running at any one
time and they don't necessarily share the same address space of
the computer.

This mapping function is done in a PAL that determines whether
the reference made by the processor is valid or not. The
determination is based on the information that comes out of the
RAM and on the information given to it by the running program.
What has to happen is that the processor is making a reference
for a program that has the same identification code which is
stored in the RAM table for that location. The PAL makes sure
that the processor is not trying to write to a page which is
write protected and that it is actually in virtual memory mode.

When all those things happen the cycle goes ahead and proceeds if
one or more of those things is wrong then the cycle is blocked
and the processor gets a bus fault. The processor then traps
into a routine that brings the superviscor into play and does the
appropriate action. It either causes an error routine to be
reported back to the program or tried to write a page which isn't
writable, or brings a page into memory from the disk. This is
how the virtual side of virtual memory is actually implemented.
(Refer to Figure 2.1-6 for the Memory Management Circuit.)
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SECTION 2.1
CPU Theory

There are a few latches which allow test things to be tested and
to read back the status. They basically provide control of
mapping that over into the screen. The RAM chips (U357

and U365) provide the 2k x 16 bits. A multiplexer chain

(U278, U279 and U283) takes the pyhsical addresses as mapped by
the RAM, or the addresses as straight from the processor, and
brings them out the system address bus.

Along with the PAL (U379) which controls the system, there are a
couple of latches (U371 and U375) which allow information to be
fed in and read back out again. There are bi-directional buffers
to write or read the data in the RAM to configure as needed. A
separate buffer (U350) provides the function of one more latch
for holding the data.

It may be necessary to update the dirty bit whenever a reference
is made. When the processor writes to a page it must remember
the fact that it wrote to the page so that when it comes time to
dispose of it and put it back on the disk instead of just putting
it back in the stack. It is necessary to detect that it's a
write cycle and set the dirty bit on the page.

That is done by reading the data out, coding it and writing it
back in the cycle. The dirty bit is determined from the PAL,
whether it was dirty before or if gets written to, it becomes
dirty. So the rest of the bits have to be written back in as
well, because they're all in one chip. At least their data needs
to be maintained. The purpose of the latch is to feed the

data back in again and not write it at the same time. U175 is
there to generate some signals for the rest of the system to
determine what has been mapped to the address.

If the memory expansion board with the extra 1 megabyte Of RAM in
plugged into the system all 2000 pages (the entire address space)
of memory are available for any particular program. These are
from address line 22 down to address line 12. The lower address
lines go straight through providing 8 megabytes worth of address
space.

This same circuitry works in a different mode to takee care of
bringing the data off the disk and making sure sure that its in
the right spot in memory, that it's being accessed by the memory
map.

When the processor is in the supervisor mode the address out to
the system takes the address straight from the processor as
opposed to what came out of the RAM. The control of handling the
RAM, updating it and determining whether or not this is a good
cycle is blocked off. The supervisor is now in control and the
supervisor can go out to the disk bring data in and put the data
anywhere it wants in memory.
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SECTION 2.1
CPU Theory

The Map Control Register (U371) is the resource that the
processor can write in to. Bits being processed, i.e. whether
you want to (whether the VM is going to be enabled), whether you
do enter a user space or not and the last bit says whether the
map is available for reading or writing as a memory itself. The
next one is read with a map control write signal that says its an
address and you can write to it.

Another register responds when reading a map control register
(reading the same address) and it tends to look as though you can
simply write into the register and write the contents out.

That's not really the case, At this point it'll get written into.
However, this is in itself another latch (U375), which is only
written to when you make a user mode reference. And so this
represents the status of the last user mode reference. For
example if you want to write something and see what got written
into the register you have to make a user mode reference and then
you have to read out of that. You have that register to see what
the status is.

BOOT ROM

The 4404 implements 16 kilobytes of EPROM to get everything
started. The EPROM's contain a program that tests the system,
gives the user options to start up different programs other than
the Default (the Normal) program that is obtained from the disk
and begin writing. (See Figure 2.1-7.)

The EPROM is mapped in and can be switched where it is in the
address space. This is because the first thing that the
processor does after it comes up from reset is to look at a
particular address space to find out where it should begin
execution. When there is a reset to the system, the set reset
flip-flop (U171) comes in and turns on the Boot ROM.

This flip-flop is also used on the system bus drivers (data bus
drivers) to turn them off. Effectively no matter where the
processor looks in memory its going to see the Boot ROM. And the
policing of the addresses are brought straight in from the
processor.

So the processor can execute out of the ROM with no problem, it's
just no matter where it goes in the memory states it sees the
Boot ROM. So it pulls out the fact that it wants to begin
execution at a particular spot in memory. It goes to that spot
in memory and the Boot ROM is there as well.
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SECTION 2.1
CPU Theory

The EPROM then begins to do some of the self test and set things
up so that it can really handle the rest of the system.

In addition to the decode function, the flip-flop (U171) has to
turn off the sound generator circuit because that thing

comes up in a random state. So when it turns it off it also
turns off the Mapping of the Boot ROM to everywhere in the
system. Now the Boot ROM responds only to its home location (its
special decode address). But the program has already been told
to execute there so it continues to execute into the Boot ROM.

ADDRESS DECODING AND INTERRUPT BLOCK
ADDRESS DECODER

The decode chain, (Address Decode) shown in Figure 2.1-8, is for
the system and includes things like the Boot ROM on it. 5 Banks
of main memory (seen on U179) are called out. There actually
exists only the main memory on the CPU Board and the optional
second bank which comes in, so it'll bank one. The decodes on
U183 are for the display memory, and the miscellaneous things on
the I/0 Board including; the expansion EPROM sockets, the Debug
RAM, and the I/0 Expansion. There is one spare bank. The
decodes on U383 are for the I/0 devices and control registers
that are on the CPU card itself.

These strobes are basically Jjust address decodes, that is to say
that there is not a lot of timing information associated with
them. The timing information is handled separately that is not
purely correct because this valid address signal into U183 has
some timing. Basically it keeps things from being decoded until
the mapping RAM in the virtual memory has had the chance to
actually look up the page and try and decode it.

Starting from address O you have up to 2 megabytes of RAM there.
The address space actually decodes another 3 banks of RAM, but
there's no provision in the 4404 to use it at the present time.
If the memory expansion board had four megabytes on it instead of
1 megabyte, it could decode all 4 banks of RAM. See Figure
2.1-8.
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SECTION 2.1
CPU Theory

The 68010 is a handshake bus, it puts puts out a signal (an
address) that tells you there is an address out there. Waits for
a while and does some data strobing information. Basically it
waits for an Acknowledge from the device that you are going to
access, to come back before it proceeds. This means that any
device can have practically any amount of time that it needs to
to respond. If you have slow EPROMS they Jjust don't respond
until they're ready to and the processor goes on.

As an example, if there isn't a Memory Expansion Board plugged in
then why access the second bank of memory. The processor would
wait forever. So what the devices have to do is tell the
processor that there isn't anybody out there, nobody is ever
going to respond to this.

The 4-bit counter (U858) shown in Figure 2.1-8 takes care of
that. When it reaches the count of 15 it feeds back on itself
and holds on 15. It is driven from the divide by 10 processor
clock. So you have 15 times 10 processor clock cycles as the
worst case. This means there are 15 microseconds to go out and
get things turned back into the processor. After that we drive a
signal called Bus Error which tells the processor there's nobody
out there and to proceed to handle the fact that the device isn't
there.

Notice that the Block signal from memory management comes back
and gets OR'ed together at U753. Then the processor will read
the status register to determine that what caused the cycle not
to finish was the fact that it was trying to talk to a virtual
memory page that wasn't there, as opposed to a real memory page
that wasn't there. At the Processor Acknowledge (U450) shown in
Figure 2.1-8 are the various signals coming back, acknowledging
the fact that the cycle was being made.

The signal Block comes into U458 to inhibit the acknowledge. 1In
other words the device may have tried to respond to an access
that (wasn't in) didn't belong to the appropriate program. It
wasn't a real page or something was mapped which had either,
another programs address, or no valid address. The signal Block
keeps the processor from proceeding in that case and data
acknowledge signal (DTACK) comes back into the processor. The
Acknowledges that come from the mapping RAM, display, the memory,
and from the local I/0 come together on U450.

The decoders U179 and U183 in the Address Decode chain are 1

of 8 basic decoders. I/0 gets mapped into a subsection of these
address lines and get split for breaking the correct address
space into 8 pieces.
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SECTION 2.1
CPU Theory

The pieces come down and enable the next level of decode which is
the next three address lines. Which breaks the address space
into a subset of 8 pieces on that 1 of 8. That comes down there
and enables the local I/0, that is to say the I/0 devices and
control registers which are actually on CPU Board.

U283 generates some control signals, strobes and timing. The
Control signals try and access the Boot ROM. Upper data strobes
and lower data strobes are used to split the 16- bit data bus down
into 8-bit bytes and allows the write signal come through. U383
is another PAL, programmed device, which then gives the control
strobes out to the I/0 devices and also brings back the local I/0
Acknowledge. An address comes into the decoder and generates a
Select on sound and an Acknowledge from local I/O Acknowledge.
The local I/0 Acknowledge feeds back to the processor through
Processor Acknowledge.

INTERRUPT ENCODER

Even though the automatic vector generation of the 68010 is used
an encoded interrupt code must be supplied by the interrupt
encoder (U271) to have the different levels of interrupts.

At the highest level (Debuglnt) is what was called a non-maskable
interrupt in the CPU Block discussion. This line is allocated to
the debugger so a host machine can take control of the 4404.
There are six other levels of interrupts. The bottom level
indicates no interrupt. The other four are for the various
interrupt driven devices, except a spare in the middle, the
bottom one is actually shared.

The 68010 responds to the fact that the signal is no longer

zero. When it sees that signal (EI on U271) go non-zero there is
an interrupt pending on this level. It has an internal register
which it matches the level against to say whether it's been
enabled to that level or not. If the level of priority here
exceeds the level of priority in the internal register, it
accepts the 1nterrupt at the next instruction break and goes
ahead and processes it.

There is a pull-up pack (R267) to ensure that when things are
unplugged the interrupts get pulled to the appropriate level.
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SECTION 2.1
CPU Theory

The logical space shown in Figure 2.1-9 is given from the -
processor. It is a 24-bit (or 16 megabyte) space. The bottom 8
megabytes, address O through address 7FFFFF, goes through the
Memory Map RAM and out into the Physical Space. The first block
of the Physical Space is that top level decoder, Address Decode,
shown in Figure 2.1-8.

This next block, I/0 and ROM Space, takes one of those blocks and
further splits into 8 (the next level of decode). One of those
is taken through the Pal and you get the decodes shown on the
Processor Board I/0O. There's another one that goes off to the
Peripheral Board I/0 and it is also broken into 8 spaces.

The Physical Space takes the 23 address lines and divides them 8
down to 1 megabyte blocks. So the first block of the Physical Space
is the 1 megabyte of memory on the CPU board and the second block

is the 1 megabyte of memory on the expansion board. The blocks

in the middle are not presently used.

A 1 megabyte space is allocated to the display. The last
megabyte block comes down to the next level of decode. That
decode has the EPROM on the Peripheral Board I/0, all the I/O
selects that are on the other board, all the selects for the
register and I/0 on the CPU Board. The selects include Debug
RAM and Boot ROM. Each space is 1/8 of a megabyte (128k).

Figure 2.1-9 shows the address space for each block that is
there and the decodes the decodes for the processor board.

The Memory Address Space Allocation at the bottom of Figure 2.1-9
on the Memory Map shows:

o That portion of the address is run through that memory
address RAM.

o The bottom 8 megabytes is shown going straight through.

o That the least significant bit (0) is not really there. So
as far as a user program is concerned the most significant
bit is always run.

o U/L (the upper and lower data strobes) determine whether the
upper half of the 16 bit bus or the lower half is being
addressed.

0 '"bank" is the bank select for RAM.

o Row and column addresses of the RAM

o "b" is another bank select
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SECTION 2.1
CPU Theory

Bit "b" is taken out of the middle as opposed to up on the top
where the bank is located so that it is part of the straight
through address. This select determines early in the bus cycle
which one of the half megabyte blocks of memory to throw RAS on
and not throw RAS on the alternate one to save power.

MAIN MEMORY CONTROL

The 68010 puts out some address lines it then waits about 20
nanoseconds and then puts out an address strobe to indicate that
here's the start of the cycle. The processor will then sit and
wait until it Acknowledge's the cycle. If you can get that
Acknowledge back within a short increment of time the memory
cycle will proceed for what is the full speed of the 68010. If
it waits any longer than that it will start to slip by clock
ticks. Which are 100 nanosecond intervals. So the 68010 sits in
what are called Wait States.

The 4404 runs the main memory with no wait states to get full
performance from 68010 processor. This is accomplished by using
the mapping function to map virtual addresses to real addresses
before the main memory reference is made.

One of the key considerations in the 4404 architecture is how the
memory mangagement is implemented and how the main memory timing

works is an attempt to run a mapped memory reference with no wait
states.

The memory pages are 4k byte boundries. That means that the
bottom 12 bits of address are unmapped. Therefore those

address lines are valid very early in the cycle (virtually when
the cycle starts). The upper address lines are not available
immediately and you have to wait for the mapping function to go
through its cycle and to make sure that there is a reference to be
valid.

The addressing into dynamic memory array is broken down into 2
cycles. 9 address lines are strobed with the Row Address Strobe,
(RAS). Then the chip takes those strobes, switches a multiplexer
over and gives them an additional 9 address lines. It takes
about 75 nanoseconds for the chip to get to the upper 9 address
lines.
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In this memory implementation as soon as the memory cycle comes
out of the 68010 the bottom address lines are driven to the
memory array. Then starting immediately the memory array throws
a RAS. Refer to Figure 2.1-10. While the memory chips are
taking the address that was thrown during the RAS, the Memory
Management Unit is checking the upper address lines to see if
they are valid. When the translation is done, it is in time for
CAS.

The memory array then looks to verify that the address is really
for that bank of memory and if it is valid, then CAS is thrown.
Thereby completing the cycle. If it turns out not to be for that
bank of memory, then CAS is not thrown and it is called a Refresh
Cycle. Nothing is affected.

Figure 2.1-10 shows the BusCycle coming in, which is derived from
the address strobe out of the 68010. This immediately drives RAS
to the array and starts the cycle.

The circuitry of Figure 2.1-11 shows the BusCycle signal coming
into U762 for conditioning. This signal then fires the clock
(clk) at a point that we can start a cycle. The 4 lines accross
R765 drive the RAS lines to the memory chip.

The memory array is implemented 16 bits wide using 256k dynamic
RAM chips. There are two banks of half a megabyte each. Address
line 10 is used to select between the upper or lower half
megabyte of this memory.

Because that's an unmapped address line a RAS must be thrown at
the start of a cycle on either the upper half megabyte or on the
lower half megabyte, but not both. The timing diagram in Figure
2.1-10 shows that when the RAS is gone and a memory cycle is
starting, that line will go Busy.

The gate U556 will then a Memory Acknowledge (MemAck) to the
68010. Potentially memory management can remap and turn bank O
off and that'll cause a gliche on MemAck and because the 68010
has a very definite period when it samples acknowledge it will be
ignored. If it's gone Busy it'll wait for a clock check and then
start CAS. The clock check will switch the multiplexer's over

?ng6t?row the CAS pulse. CAS comes out the flip-flop register
ueez).
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SECTION 2.1
CPU Theory

To generate CAS for the lower half megabyte of memory, bank O
must be true and the signal out of the virtual memory circuit
must be valid before a clock is generated on the flip-flop.

The control signals that represent a state machine type
implemetation handled in the Memory Timing Chain circuit, U856 in
Figure 2.1-10. The Upper and Lower data strobes for selecting
the byte is handled inside the 68010. The processor generates an
upper data strobe, or a lower data strobe depending which bytes
that you want. They simply come into U659 and get gated through.

Memory Mapping is done during RAS.

Memory Refresh

Dynamic memories have the constraint that every 2-4 milliseconds,
all possible RAS addresses in memory must be cycled through.

This must be done discretely to maintain control of the address
lines that come in. The RefRequest on U856 triggers the refresh
timer as the lines come into the Memory Timing Chain and get
registered in. RefRequest is shown as RefTimer in the timing
diagram (Figure 2.1-10).

A 3 clock state machine that performs a RAS or refresh cycle on
the memory is inserted at the beginning of the next memory
reference to hold the refresh synchronously with the cycle. The
right side of the timing diagram in Figure 2.1-10 shows a refresh
cycle pre-ended on a normal cycle as it is completed.

The first portion (left side) shown on the timing diagram is a
standard memory cycle with no refresh. Starting as the BusCycle

is coming down again (about the middle of the diagram) we're
starting another cycle of refresh. Refresh request is there, so
RAS goes, CAS doesn't, it gets turned off (cleared out), and RAS
comes down again. A refresh cycle lgets done every 15 microseconds.

The Refresh Timer is shown in Figure 2.1-12. It's a 16-bit

counter and it counts every microsecond after 15 microseconds.

Every 5th step it generates a Refresh Request (RefTimer in the
timing diagram), stops the counter and holds it there. Then when

we get a Row Address Strobe (RAS) and we're doing a refresh cycle we
can clear the counter so we can start all over again.
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SECTION 2.1
CPU Theory

The Refresh Counter circuitry determinins what address lines go
the memory array for the purpose of cycling through the
addresses. U756 is the 8-bit counter that counts on every
refresh cycle. The Enable on U853 gates those addresses through
to the memory array when doing a refresh cycle.

These address lines are normally gated into the memory array when
not doing a refresh cycle multiplexer (U466) shown in Figure
2.1-12. Output is enabled when not doing a refresh. When

it's not Busy it selects the lower address lines to throw AD.11
on U462. Those lines going in are the address lines that are
valid and available during the RAS time. Then memory timing
enters a cycle and goes Busy, turning the switching over to the
multiplexer. It then selects the higher address lines, which
will be used once they're mapped.

Figures 2.1-13 and 2.1-14 show the Upper and Lower Bytes of the
Main Memory Array. The memory chips used in these arrays are
standard 256K, 150 nanosecond access memories. Each bank of
memory has 512K bytes that are separated by bytes to allow byte
addressability on them. It takes 8 IC's for a byte on one bank.
The buffering that is shown maintains the signal quality in all
the address lines. All the gate loads are placed on either level
since since the 16 nodes on the address lines and the control
lines, the RAS, the CAS, and the Writes are broken down.
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SECTION 2.1
CPU Theory

MEMORY MANAGEMENT

Referring back to Figure 2.1-10, memory management will do the
memory mapping and determine the decodes as to whether it's been
cleared or not. What comes out of this memory management is that
it does all the work. It generates.Block, which forces a Write

to be a Read so even if a cycle gets done the memory array can't

be hurt. So memory management allows Block to go on and disable
Data Acknowledge going back to the 68010. However, bank O must

be looked at before throwing CAS since the RAS that is thrown at the
beginning of a cycle may be for either the main memory array or

the memory expansion array.

FLOATING POINT CO-PROCESSOR

Arithmetic operations on the 4404 are assisted by a co-processor
calculator chip, the National Semiconductor 32081. The chip is
accessed as a memory mapped peripheral on the 68010 bus. It
supports the IEEE floating point standard.

In real simple terms, you basically provide commands into it (to
the strobes) to say what you want it to do and then you provide
the data as to what you want to have it done to. Then the
floating point chip goes through its series of internal programs,
computes the result and gives you a status indicator when its
completed.

The 4404 implements the Floating Point co-processor by using a
mechanism in this circuit to select the chip. This mechanism
then provides the data that the chip needs and it reads the
result back when the floating point chip is done.

The floating point chip (U143) is shown on the 68010 bus in
Figure 2.1-15. It is connected directly to the 68010 rather than
onto the system local bus to eliminate buffers. The chip itself
does not have a high bus drive it is on a low utilization bus.

4404 COMPONENT-LEVEL SERVICE 2.1=71



clL=L°¢

JOTIAY¥IS TIAIT-ININOJWOD YOv¥y

*3TNOJT)H JO88000dd JUTOd BuTIBOTS ‘GlL-L°2 ean¥i4g

Flip-Flop Pair

u33is

Software
interface

“FPC.pal®

VAdly1 := ValldAddr
VAdly2 :» VAdiyixValidRddr
FP.Wr := FPSellir

FPCIK := /FPClk

IF (VCC) EnableSPC = FPSelX/Busyli/Nr 4 FPSel¥Nr
IF (EnubleSPC) SPC = ValldAddrBFPSelENrEVAdIy 18/VAdly2
+ ValidRddrEFPSelE/WNrEVAdly 18/Busy

IF (WruFPSel) /FP.15 = /D.15
IF (/WrEFPSel) /0.15 = /FP.15%/Busy

F o
, r%
b 4 Enable

Floating
Point

Lg__._.__

§ 2

5610-14

Kaoayyr ndo
L*2 NOILDIS



SECTION 2.1
CPU Theory

Figure 2.1-16 shows how timing is developed on the floating point
chip. Signal R/W is coming out of the 68010 with the reading and
writing data. It comes down, generates select (FPSel) and talks
to the floating point chip. Everything that gets done pulls the
SPC, "Special Processor Clock".

The software interface for the floating point chip is given a
command to select the floating point co-processor as opposed to
another device. That's a protocol that is followed so the SPC
gets pulsed and the two select lines ST 0 and ST 1 (shown on U143
in Figure 2.1-15) are driven by address lines (AD.03 and AD.02)
to indicate the type of access wanted.

SPC is generated with the appropriate address lines and selects
the National coprocessor. Then another pulse is given that
determines what kind of command function is wanted, whether it is
a floating point number, multiply, divide, long 64-bit floating
point numbers, or 32 bit floating point numbers. Then a series
of SPC clocks are generated to provide the data that is required
to perform the selected operation. Once that is done the
floating point chip starts processing the information and
indicates when its completed by generating a pulse on the SPC
line.

From the 68010's point of view, it is only necessary to provide

all that information and to be told when the floating point chip
has completed its command and whether the command was completed

normally without any errors. So the next thing that happens is

to read back the status of the floating point chip once the SPC

pulse has occured.

This is controlled by a pair of flip-flops (U335). They are
turned on with a write to floating point unit (FpWr) that
indicates once something starts. So Busy is set and remains set
(FpSet) until the SPC pulse comes out of the floating point,
indicating that its done. To clear Busy the 68010 can then try
reading the status register on the National chip. If the FPC Pal
sees the floating point chip is Busy, it won't read the floating
point chip. 1Instead a status will be returned on data bus 15
that says it is still busy.

Eventually, the floating point chip completes the cycle, strobes
SPC, clearing the flip-flop. Then the next time we try to do a
select of the status, Busy will be cleared and another SPC pulse
to the floating point chip will be generated. At which point it
puts the status for the completion code on the data lines and
lets the 68010 read the status.
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SECTION 2.1
CPU Theory

SOUND GENERATOR BLOCK

Audio output is produced with a TI SN76496 sound generator chip
which supports more than four octaves of notes on each of three
voices. The is also white noise for a total of four voices. It
has a software programmable volume control for each voice as well
as an external analog volume control.

SOUND GENERATOR CIRCUITRY

Figure 2.1-17 shows the circuitry for the sound generator. The
chip (U650) wants data strobed into it. It's a write only device
with a write enable and a chip enable and will hold the strobe
until it generates a ready (SoundRdy) out. 1In this
implementation the data is strobed into a latch, and feed the
ready (Rdy) back around with the original strobe to let it turn
itself off when it is done. Essentially a strobe is generated
that causes Ready to go not ready.

As noted in the Boot ROM discussion earlier, one of the first
things the processor has to do is go out and turn things off
because it does come up in a random state and there's no reset.
The signal Sound is used to turn off mapping the Boot ROM's into
everywhere in the address space. It is the fact of turning

off the voices (SoundOut) which allows the chip to start
generating noise in the first place. Even that short time it
takes to turn those off can generate sound output, so the Bit
Clock is gated with BootEn (that same signal that keeps the Boot
ROM's everywhere in the address space) to turn the chip off.

The circuit generates an audio signal out, which is made to go
into an 8 ohm speaker. It has attenuation and frequency
controls. There is an external volume control and an external
amplifier on the I/0 Board. There's some noise and high
frequency suppression before the sound goes out to the I/0 board.

The volume control amplifier is on the back of the I/0 Board so
the volume control knob can protrude through the back of the box.
The result is that the amplifier comes back onto the processor
board which has a couple of pins for the speaker on it.
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SECTION 2.1
CPU Theory

VIDEO DISPLAY

VIDEO INTERFACE

The 4404 AIS presents information on a landscape format 640 by
480 pixel 60Hz non-interlaced monochrome display. This display
is driven from a bitmap of 1024 by 1024 bits with hardware to
support smooth panning of the display over the bitmap. The
display memory, separate from system memory, is directly
addressable by the processor. It is implemented with 64K bit
dynamic RAM chips as 64K words of 16 bits. This memory has a two
port interface so that display refresh cycles do not consume
available bus bandwidth. The processor must wait up to 640nS to
access this memory. Display refresh also refreshes the memory
without using any additional circuitry.

The Display Memory Block shown in Figure 2.1-18 is a 128k byte,
2-port RAM system, with 1 port for screen refresh, and 1 for
processor access. The screen refresh is handled by some address
counters and there is also control for display panning (real-time
hardware panning) around the screen. Other parts of the video
subsection are the video timing generations for the monitor and
the synchronization of the pixels coming out.

VIDEO CLOCK GENERATOR

Figure 2.1-19 is a detailed block diagram of the 4404 Video
Section. The video is centered around a system master clock
similar to the processor. The Bit Clock is produced by a video
clock generator circuit that uses a 25.2 Mhz TTL oscillator.

The circuit for the Video Clock Generator shown in the Blcok
Diagram is shown Figure 2.1-20. Output from the oscillator is
gated to turn off the clock for AT testing. A counter divides
the clock into 4 bits with the count, so there are 16 different
states coming out. These states are used then to do the 2
porting of the memory. The 2 porting is done by the access

times, divide a cycle into 2 cycles.
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SECTION 2.1
CPU Theory

VIDEO RAM TIMING

The signal (BC) in Figure 2.1-21, Video RAM Timing, is the signal
from the video clock generator. BC/4 is the four bits that
correspond to the 16 different states that are shown on the
timing diagram. The 16 clock periods are divided in half with
half going to bus access and the other half going to video
refresh access, as indicated by the signal (Bus/Video). During a
video access (on the right side of the diagram) RAS is always
thrown in the video memory. One video cycle is when a RAS is
thrown, then multiplexed over and CAS is thrown to read the

data out of the video memory.

A Display Access Window is shown during a BusEn portion of a bus
cycle in Figure 2.1-21. The processor must access the video RAM
Timing during this Display Access Window to get a Bus Enable.
Once this is accomplished the inputs to the Video RAM Timing PAL
(U327) are displayed as a valid address (a valid display
reference). If the processor tries an access and the cycle is
not in that window time period it will wait and come back around
to the next window time period to get video memory access from
the bit processor. It does this by letting the 68010 put out an
address strobe and waiting for the acknowledge to come back to
give and enable.

A bus enable signal is needed to throw RAS or CAS on a bus cycle.
Acknowledge is also only done if there is a Bus Enable. All of
those signals are implemented in the PAL (U327). The inputs to
the PAL are the Display, valid display address (ValidAddr), and
the 4 bits coming out of the counter and the outputs are the
signals that are shown in Figure 2.1-21.

The average time to go to display memory is about two wait states
or 480 nanoseconds per cycle.

HORIZONTAL AND VERTICAL COUNTERS

The other main circuit shown in Figure 2.1-20 makes up the
horizontal and vertical timing counters. They supply all of the
blanking, sync and the vertical and horizontal signals to the
monitor, as well as to the rest of the system. 1It's basically a
an 8-bit counter for the horizontal. A decoding PROM which puts
out .he pulses at the right time. It's a circular counter, in
that it's reset by the horizontal reset coming out the top, so
it's a feedback loop. Horizontal reset coming out resets the
counters and it starts through the cycle again.
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SECTION 2.1
CPU Theory

The horizontal counter counts up to 200, then it's reset. 1It's
basically the 640 pixels type of count, 640 bit times the 40
nanosecond clock plus the 6 microseconds worth of blanking time
and that's approximately 800 bit counts. The count is the bit
clock divided by 4 rather than counting out each bit. This is
done because it's not a state machine because of the feedback.
The counter goes into a PROM, which decodes the count and it
feeds back to the counter again. But that PROM is not fast
enough to get it turned around every bit, so it's clocked at
every 4th bit. So the resolution on the counting is down to the
4-bit times.

To count down the number of horizontal scan lines the horizontal
count gets fed back into the vertical counter. This causes the
vertical counter to count only 1 count for every horizontal scan
time. So the resolution is in horizontal scan time increments.

The horizontal sync and vertical sync signals are synchronized as
fast as BC/4 in the latch (U131) recieves them. They go right
out of the flip-flop to the monitor. The monitor takes TTL for
all of it's signals.

The vertical timing is similar, except that it's a 10-bit
counter. It generates the syncs and blanks for the vertical
portion and a reset that goes back around.

VIDEO CONTROL PAL

In addition to the control for the vertical counters the Video
Control PAL (U323) provides the signals for manipulating the
actual serial video data that comes in. Serial video data from
the serializer comes down and gets NANDed and ORed in with
inverting the screen (turning off the screen and blanking). Both
the blanking signals get manipulated in with the serial video and
produces the final video data that goes out to the monitor.

There is a software controlled register that controls the
screen on, screen off bit and it just blanks the screen.
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SECTION 2.1
CPU Theory

Figure 2.1-22 shows some of the timing signals coming out of the
Video Control PAL. There's a signal called video load (VideolLd)
which basically loads the data from RAM into the shift register.

Another signal for synchronizing back to the horizontal timing
chain is BitSync. This signal comes back and helps synchronize
the horizontal counter chain. VAD clock is the video address
clock. It counts the video address counters during screen
refreshes.

- There's an extra control that's generated by the video control
PAL to help provide the panning. With a 1024 x 1024 bitmap and
a view window that's 640 pixels across. It is necessary to get
past the rest of the data at the end of a scan line since it is
in sequential memory addresses.

VadClk in Figure 2.1-22 not only increments for each loading of

16 pixels in the shift register, but it increments 16 bit times,

one time. When it gets to the interval line it increments the
counters an extra 22 times to skip over what's left on the right hand
side of the memory array and gets back to the starting scan.

Figure 2.1-23 shows the horizontal and vertical timing signals.
The signals shown are decoded by the PROM's. The horizontal
count values are in terms of the bit clock divided by 4 (BC4) and
the vertical count values are in terms of horizontal scan times.

SCREEN POSITION AND PAN CIRCUIT

The bits displayed on the screen are taken directly out of memory
and placed directly on the screen. So there is a one to one
correspondence between the pixel on the screen and a bit in
memory. This is accomplished by painting into memory the image
that will be displayed.

This is a single bit per pixel system. The frame buffer is one
bit deep with a 1024 x 1024 bitmap area. The processor controls
the 128 kilobyte display RAM so there is an isolation block
between the CPU and the display memory. Refer to Figure 2.1-24.

The video control circuit provides the screen refresh. The
screen buffer is 1024 x 1024 and the 640 x 480 view port can be
moved anywhere within that 1024 x 1024 area. This allows real
time panning across the frame buffer.
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SECTION 2.1
CPU Theory
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SECTION 2.1
CPU Theory

The counter is a 16-bit address counter which will cover 64k.
Since the memory array is 128k bytes, each one of these addresses
refers to a 16-bit data value. Refer to Figure 2.1-25. There
are 16 address lines coming in. Those lines are going to bring
16 data bits that either go to the serializer or get latched into
a latch to go back out on the processor data bus. The video
address counters then increment using VadClk. They get reloaded
on a vertical blank time from the register (U837 and U841) that's
by the start value. The start value provides the mechanism for
word panning, for panning the screen by 16-bit increments.

The processor can load the start value under a vertical sync
interrupt time. During blanking, it can load a new value so so
when it comes up again the new address will be wherever it was
set and will increment from there. The starting address can be
set anywhere. The Software procedure that does that has certain
bounds, so that the top of frame isn't set to be way over to the
right of the 1024 x 1024 bitmap.

What the Video Control and BitPan circuitry in Figure 2.1-28 does
is to provide that pixel panning of the extra 16 bits. The start
register produces 16 bits at a time to increment down into a
finer bit pixel panning in the horizontal direction. The data
coming out of the video RAM's gets loaded into a set of
parallel-to-serial shift registers (U515 and U519). They get
shifted out at a bit clock rate.

To get the bit shift, the serial data gets taken through U423 and
U523 and pipes it into a serial-to-parallel shift register set.
Which shifts the data back out parallel and then the multiplexers
pick a bit off one of those 16 lines to provide, what is a
digital delay line. The control lines that input to the
multiplexers are determined by the Video Control and Bit Pan
Register.

Word panning is done in the same manner. There's 4 bits coming
out of U331, and any one of these can be picked off to produce a
delay line. Once the pan address is set these 4 bits allow
smooth panning in the horizontal direction as well as the
vertical direction. The same register is also used to do the
screen inverting (screen off), and for enabling the vertical sync
interrrupt. Vertical sync interrupt is derived from the vertical
blank signal to allow the enable to be reset.
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CPU Theory
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Section 2.2
/0 BOARD THEORY

GENERAL DESCRIPTION

The I/0 board contains the interfaces to the various 4405 peripherals. These peripherals provide
user interface, communications and mass storage devices.

The /O board is simply an extension of the 68020 bus, having the same buses that are on CPU
Board: data buses, address buses, enables, and interrupt buses. So those buses are considered as
extending through the whole system. It is essentially what you would think of as on most
backplane-type systems. But this is not a backplane, it is just bus signals that go through the
whole system.

Figure 2.2-1 shows the different /O devices hanging off the data bus and address buses. There is
a level of buffering to handle the loading on those address and data lines that’s not shown. The
/O board contains a number of peripheral devices .all on one board because the connectors .are
that feed out the back of the system are on this board.

The major functions on the /O Board are:
¢ Clock/Calender with battery backed up RAM
¢ Interval Timer

Printer Interface

I/O Address Decoding

Address Data Buffering

Reset Switch
Audio Amplifier
Option PROM s

¢ SCSI Interface

® Mouse Interface

¢ Keyboard Interface
® RS-232 Interface

COMPONENT-LEVEL SERVICE 2.2-1
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1/0 BOARD THEORY

CLOCK/CALENDER

Time of day service is provided by a crystal controlled clock/calendar chip, the Motorola 146818,
with a battery backup power supply. The clock records time up through months and down to
tenths of a second. The clock chip also provides fifty bytes of battery backup RAM.

Figure 2.2-2 shows the circuitry for the address and data line buffering as well as the
clock/calender with battery backed up RAM Circuit. The calender and battery backed up RAM
circuit is provided by a CMOS calender chip, and provides seconds, days, month, and year type
of information. It’s battery backed up CMOS, it also has 50x8 CMOS RAM that is made
available to the system space to put in things.

Basically the calender chip has into it a multiplex address and data bus (from U055 and U058), so
the buffers provide the method of multiplexing the address lines coming from the 68020 and the
data lines coming in. Multiplexing is done with the Calender Data Strobe signals, so essentially
when data isn’t being strobed into the chip, the addresses are allowed to come into the chip.
These signals Calender Address Strobe and Calender Data Strobe are provided by a PAL (U045).
The oscillator circuit is built around a CMOS IC that provides a fairly stable 50% duty cycle.
The clock oscillator input to the chip is a 32.768 kilohertz. The lower frequency is used because
the CMOS device draws less current when you use a lower frequency to run the device.

This section of the circuitry to the right of the oscillator in Figure 2.2-2 is for charging the battery
when VCC is on. Inside the chip there are some discrete CMOS transistors and CMOS convertor,
so it just provides current for the calender chip.

The circuitry at the bottom of Figure 2.2-2 is basically a CMOS comparator that provides a
mechanism for telling when the power is going down, so that the calender chip doesn’t provide
any bad values. It’s inputs are a scaled down VCC and a scaled down VBAT which comes out of
the battery.

When VCC goes below about 4.5 volts then Power OK goes away and that function is used to
disenable any calender selects at that point in time. If without this mechanism, and if the system
power was dropping the processor would go off and do an instruction that might access the
calender chip, thus providing bad values. So this circuitry provides a method of disabling any
kind of selects to the chip when the power goes below a certain level.

COMPONENT-LEVEL SERVICE 2.2-3
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1/0 BOARD THEORY

The resistor and capacitor (R059 and C039) hanging onto the calender chip go into a power sense
on the calender chip which provides a mechanism for setting the Power Read valid. If VBAT
goes away when the power is off and then the power comes back on this is slower charging and if
it sees supply voltage before the battery comes up and then it sets a bit internally (in 049). The
diagnostics will catch this condition, and if it sees that it will print out a message.

INTERVAL TIMER

Counters on the I/O board implement a 32 bit millisecond counter and a 32 bit second counter.
An alarm can be set to interrupt the processor on a particular millisecond counter value. The
AMD9513 chip supplies the 5 sixteen bit counters which implement these functions.

The interval timer is an AMD 9513 System Timing Controller which has multiple programable
timers and counters internal. The timing of this chip is shown in the bottom right hand corner of
Figure 2.2-3. It provides a 32 bit millisecond counter with an alarm which causes an interrupt.
The chip has been gated to provide the clock into it for a Timer Interrrupt. It also provides input
to three other counters inside the chip which provide a 32 bit second counter.

Currently the only software using this function is the Smalltalk use of it in doing millisecond
counting and keeping track of second counting. It is not used for system time information. Itis a
software timing convention.

This isn’t used in actual operating system timing that has a time function, that’s done off the
vertical sync interrupt. So it is possible that if the system is gaining time, it’s probably not the
calender chip that’s off, but there s something wrong with the vertical sync interrupt.

The basic clock input into the interval timer is derived from the Eclock on the CPU board that
comes out of the 68020 which is a 1 megahertz system clock (10 megahertz system clock divided
by 10).

‘When an alarm signal comes out of U155 an interrupt is clocked to do a reset on that interrupt.
It’s reset on a hardware reset and it’s also reset by accessing the general decode address of the
timer into U247 with address line 8 being high. The timer interrupt at U244 is a shared interrupt
line back to the priority encoder for the 68020. The timer interrupt is shared by the printer
interrupt. The result is the (TPInt) interrupt that goes back to the processor. There’s a status
register in the printer interface circuit that can be read to determine if it is a printer interrupt or a
timer interrupt.

COMPONENT-LEVEL SERVICE 225
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1/0 BOARD THEORY

HARD-COPY/PRINTER INTERFACE

The hardcopy interface is functionally the same as the one on the 4105. It is a Centronics style
parallel port which will drive a 4644 and a variety of Centronics style printers and plotters.

4405 -to-printer inu\:rfacing is provided by and 8255A interface chip, a 10-bit buffer, and a
Schmitt trigger.

Figure 2.2-4 shows the /F chip and the supporting circuitry which together form the Printer I'F
block. The 8255A is a programmable chip with three /O ports, an input data buffer, and a
control block. The three ports can be programmed for various uses depending on the particular
application.

As used in this circuitry:
® The A Port functions as a data output port, supplying the data lines to the printer.
¢ The B Port functions as a feedback input from the printer and other system status.
¢ The C Port handles the lines that control the printer and other system functions.

The A Port output passes through the buffer on its way to the printer’s data input connector. The
data input to the 8255A chip is buffered by an internal buffer. The schmitt trigger circuit outside
the chip regulates and inverts the feedback lines between the printer and the I/F chip. The
Acknowledge line enters Port C rather than Port B; so this feedback line is not inverted as the
others are. The schmitt trigger still clamps/regulates this Acknowledge line.

The Data Strobe and InPrime signals are clocked into the latches in Figure 2.2-4. The control bit
ResetPInt is the printer interrupt, so by writing that low and then data high, the interrupt can be
reset by leaving it high with a disable printer on the other reset. The printer interrupt is also reset
by a hardware reset.

Block Decoding U150 is used for printer data control and printer status . Printer status coming
back not only provides the S status lines coming back from the printer but also feeds back the
strobe signal, for diagnostic purposes. That way the strobes can be written to check to see if the
write data bit comes back. The printer interrupt provides the status interrupt so that we can tell
whether its a printer or a timer interrupt.
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1/0 BOARD THEORY

The timing diagram in Figure 2.2-5 shows the printer handshaking. When the printer is strobed,
it will come on the status line busy and assert Busy. When it comes back around and does an
Acknkowledge it also clears Busy. That rising edge of Acknowledge is what generates the
interrupt. So an interrupt character can be done when interrupt is driven from software.

The other status lines coming back from the printer can be used for some other kinds of printer
faults like paper empty. Select says that if the printer is selected, it’s on line.
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1/0 BOARD THEORY

I/0 Address Decoding

The /O select signal from the address decode on the CPU is shown broken down into the selects
in Figure 2.2-6. The selects include: SCSI (which is the MSU), an IDEn for the SCSI, calender,
mouse, SCIA, printer), and a diagnostics.

All of these devices when they are selected have to supply an Acknowledge back to the
processor. The Ackknowledge is generated out of the PAL IOTiming and then fed back over the
bus back to the CPU board.

The PAL takes the I/O selects and also EPROM 1 & 2, which are the EPROM decodes that are
done on the CPU board and fed over to the VO board. The SCIA device provides itself with
acknowledge. All the signals are sent through the PAL. There is a little state machine inside the
PAL that provides wait states for the different devices that are slower than others.

This is the PAL that was mentioned in the discussion about the calender circuitry. It generates
the calender address strobe and calender data strobe. These signals can be see in Figure 2.2-7.
The PAL takes the calender input, generates an address strobe, and the timing for it. Then it
waits for a little bit and generates a data strobe for the calender chip. It also delays out
Acknowledge, to provide four wait states.

The signal EPromAck is basically the two EPROM selects delayed out. This signal is delayed for
1 or 2 wait states of RAM to provide timing for the EPROM’s.

Other I/O Ack comes in to turn the selects or RAM to provide the Acknowledge as soon as
possible since most of the register type devices dont need wait states.

The circuit shown at the bottom of Figure 2.2-6 provides read and write strobes for the different
devices that need strobed reads and writes instead of the level read and write that the 68020 puts
out.

COMPONENT-LEVEL SERVICE 22-11
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1/0 BOARD THEORY

ADDRESS AND DATA BUFFERS

The address and data buffers shown in Figure 2.2-8 are the ones mentioned at the beginning of
this section. The data buffers enable a signal that’s decoded out of the PAL I/O data enable, to
provide the Data Enable to buffer data back onto the 68020 data bus. This signal is another form
of all the /O select.

RESET SWITCH

Figure 2.2-8 also shows the reset switch on the back of the display/CPU box that goes back into
the reset circuitry on the CPU board. The diagnostics sense a double reset of the switch with a
software mechanism that choses an address someplace in memory and the diagnostics looks for a
particular pattern in there.

This mechanism assumes:

1. That the pattern will never come up in power on since MOS memory chips all tend to act
the same. They produce all 001°s when the power is first turned on. So the mechanism
checks for a 32 bit pattern that has a mixture of O’s and 17s. If that pattern isn’t found then
it assumes the power was just turned on, so it sets to that value.

2. The pattern appears which indicates that a boot up sequence just started, and it takes maybe
a 10th of a second to do some internal checking. At the completion of that, the flag that
says the sequence was completed gets cleared. Now if the user pushes the reset button
twice in succession, so that the button is pushed while the diagnostic is in the beginning of
it’s power up test, that pattern will be in its proper location.

Hitting power on twice may do this also because the dynamic RAM s may actually hold their
charge for a half a second or more. It is possible hit the on/off switch fast enough that the voltage
supplies don’t drop enough so you really have power to the system constantly.

AUDIO AMPLIFIER

Also shown in Figure 2.2-8 is the audio amplifier for the audio output from the sound generator
on the CPU board. It will drive an 8 ohm speaker directly. An audio jack is provided, if nothing
is plugged in it feeds the output back to the internal speaker. The circuitry basically, divides and
scales down the sound output. There is an adjustable pot that sticks out the back of the I/O board
for volume control.

22-14
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1/0 BOARD THEORY

ROM EXPANSION

Eight sockets are provided on the I/O board for plug in ROM or EPROM. This ROM can be used
to store programs which custom tailor the 4405 into a turn key applications system. Alternatively
the ROM could be used to store commonly used routines or data. The ROM can be mapped into
any part of the logical address space.

ROM expansion slots are accessed through the back cover. It’s pretty straight forward circuitry .
Two banks of EPROM decode are taken from the CPU and divided down into four pairs.

There’s nothing in these sockets, they ‘re used bascially for expansion or if we eventually go to a
diskless system, we may use them so they can be used for connection to host machines with
ethernet software.

These PROM’s need to be addressed at the high ends of the address lines. There is a definition
for each one of these PROM s that puts on a ROM trailer that will go in there and go away at the
very last address. The diagnostics will check that for the proper checksums if there are any
PROM s installed in these sockets.
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1/0 BOARD THEORY

MOUSE INTERFACE

The mouse pointing device interfaces to the 4405 through a quadrature coded set of signals. A
circuit on the I/O board decodes these signals into up/down clocks which represent positional
displacements in the vertical and horizontal directions. These clocks in turn drive counters which
keep track of these displacements. The processor reads and resets the counters sixty times a
second and translates them into cursor position on the screen. At the same time, the state of the
mouse buttons is recorded.

The mechanical mouse has three buttons and plugs into the back of the IO board with an EMI
style connector. The mouse produces quadrature encoded signals (x1, x2, y1,y2). For diagnostic
purposes pullups on the buttons provide a known state if there is no mouse plugged in.

Inputs for the exclusive OR gate shown in Figure 2.2-10 come out of the dianostics register.
With this, quadrature signals can be simulated for the purposes of diagnostics. The outputs of the
mouse buttons go back into the diagnostics register to be read back by the processor.

The mouse buttons come back into a register which provides the signals needed for decoding.
The power okay signal (VCC) from the calender circuitry is brought back, again for diagnostics
purposes.

Decoding on U150 and U151 decoding selects between the x and y counters and the mouse
button decodes. So the mouse is divided down into those 4 selects. There’s also a select for
mouse reset, which resets these two counters. The two PAL’s are 8-bit bi-directional counters.
They tell the direction of the mouse clock input that came out of the PAL. The clock is a 5
megahentz clock, it"s a 10 megahertz clock divided by 2. The decode select enables the counters
out back onto the system data bus. The mouse output (the output of the counters) doesn’t go back
through the Address and Data Buffers we saw before. There is a separate set of buffers for the
mouse to break up the loading on the system data bus.

Quadrature decoding looks for transition on the inputs. There are two inputs for an x, so for two
inputs, there’s four different transition phases, one where the first input goes low while the other
input is high and similarly we have four other cases.

22-18
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1/0 BOARD THEORY

The quadrature signals are decoded by first clocking in the inputs as well as a delayed version of
the inputs. Those inputs are delayed by one mouse clock time. So with an input of 1 there would
also be available out of the register the last (previous) state of that input. This state times the
value of one mouse clock.

Those eight inputs are then fed into a PROM which does the decodiﬁg of the inputs to provide the
next direction, an x direction, an x enable plus a y direction and a y enable.

The PROM is a state machine that is set up for x enable and y enable, the signals are handled in a
similar manner for both for x and y. x enable and y enable look to see if there has been a
transition since the last clock in time. The direction is supplied by these four positions. The set
of four count enables show a count down sequence, if input 1 goes low while input 2 was high,
then the last values have a count down. If input 1 is high and 2 is low then count is up. Figure
2.2-11 show the mouse quadrature decoding.
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1/0 BOARD THEORY

The delayed inputs are the last to come out of the register. By keeping that state information
synchronized it can be determined whether the count is up or down by decoding it.

To prevent a transition in the middle of a count value, the output enable signal is fed in to
disenable the count enable signal whenever a count is being read you‘re reading the count.

Mechanical Mouse Description

The mouse detects relative motion as it is moved. There are two shaft encoders connected to the
ball. They generate signals that are used to detect whether the ball is being up or down and left or
right. The shaft encoders each output a signal that looks like a simple square wave. The period
between these waveforms represents how many counts per inch there are, so the resolution of the
shaft encoders is about 50 cycles per inch. The periods high between those two waveforms tells
how fast the mouse is moved.

All four of the transition phases can be looked at and a useful count determined to provide an
effective resolution of 200 counts per inch (4 times 50 cycles).

The reason there are two signals is that the base relationship between the two must be compared
in order to determine the direction, once the mouse is being moved.

The mouse interface sees movement in terms of time. If the mouse is being moved right, then
time is going in that direction also.

SMALL COMPUTER STANDARD INTERFACE (SCSI)

The 4405 uses the Small Computer Standard Interface (SCSI) to communicate with the Mass
Storage Unit. The SCSI is a 5 megabyte per second channel connecting up to eight devices
together on a common bus. SCSI was designed to support floppy and small Winchester disks,
however it can also be used to interface tape drives, network controllers, or other peripherals.
The 4405 relies on the NCR5386 chip to implement the SCSI protocols, thus reducing the work
of the CPU. The 4405 uses up to five of the device addresses:

® 4405

® Floppy Disk Drive (Standard MSU)

® 40 Megabyte Hard Disk Drive (Standard MSU)
® Streaming Tape (Option 20)

® 40 Megabyte Hard Disk Drive (Option 20)

Basic control of the circuit is provided by an NCR 5385 chip which manages all of the protocols
necessary to handle the SCSI interface. The processor inputs decodes to the chip that include:
read/write strobes, clocks and reset, and address and data lines. The bit register puts out 3 ID bits
to provide the SCSI Id (bus ID). Refer to Figure 2.2-12.

The SCSI allows up to 8 devices to go on a bus, and each device has its own ID. Also coming
out of the bit register is the bus reset. All addressing in the SCSI system is software controlled.

The SCSI interface is a 8-bit data port, with a parity bit. Data flow in and out of the chip is bi-
directional. The SCSI bus signals are listed in Section 2.7 Mass Storage Unit of this manual.
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There are 7 different phases that SCSI can be in.
® Bus Free Phase
¢ Arbitration Phase
¢ Selection Phase
¢ Command Phase
¢ Data In or Out Phase
¢ Status Phase
¢ Message In Phase
The SCSI Bus Timing Diagram is in Section 5 of this manual.

Section 2.7 Mass Storage Unit contains a detailed description of how a peripheral device gains
control of the bus. bus restate, where’s nobody’s on the bus accessing it.

Figure 2.2-13 shows the SCSI bus pin connections. All of the data and control lines are
terminated with 220 or 30-odd terminators. Termination is done on the end of the bus. The 4405
uses an external terminator that plugs into the last device in the chain. (VCC) Power to the
terminator is supplied by the 4405 itself, through the diode and a 1 amp fuse.

All of the signals that come into the chip are bidirectional and are switched by the two signals Igs
and Tgs. Which is Initiator route select and Target route select.

The diagnostics perform a self test that checks all the internal paths of the SCSI. There’s also
diagnostics function that uses different ID bits that come back in so ID can be read instead of the
chip. This will tell if the devices on the bus are functioning.
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1/0 BOARD THEORY

KEYBOARD INTERFACE

The keyboard interface is the same as the 4105. It is a serial interface with an integral flow
control. The 4105 keyboard can be plugged into this interface with no modifications. All of the
functions of the 4105 keyboard are supported including the "joy disk".

The Keyboard-to-Processor Interface is handled by a single two-channel chip (a DUART). Both
channels of the DUART connect to the Processor Data Bus and Address Bus. Also the Processor
may receive DMA requests, or non-maskable interrupts, directly from the Host Communications
Port via the RCV/RDY line.

DUART Transceiver Chip

The DUART (Dual Asynchronous Receiver/Transmitter) is a 2681 chip. Figure 2.2-14 is the
generalized block diagram for this DUART chip. In this diagram the two channels are called
channels "A" and "B". Channel A shows its functional details. Since Channel B is identical in
hardware composition to Channel A, the diagram omits the details in Channel B. Channel A
functions as the Keyboard Interface, and Channel B is the Host Port Interface for the terminal.

The 2681 chip possesses the following features:
¢ Both channels are full-duplex asynchronous
¢ Quadruple buffered receiver data registers
¢ Programmable data format
¢ Programmable baud rates for each channel

The 2681 chip contains a multi-purpose, 7-line input port, and a multi-purpose 8-bit output port.
The chip also contains a timing block that either provides timing for the chip or accepts external
timing (as from the processor). An Interrupt Control block and an Operation Control block
manage the read, write, interrupts, and address decoding functions.
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Keyboard Interface Circuitry

This circuitry provides the data input, data output, reset, and power supply to the keyboard. This
description covers both the external circuitry and the internal DUART functions. This circuitry is
described first as it functions when the keyboard generates data; next, the same circuits are
described during information flow to the keyboard.

As a key is pressed, data flows from the keyboard toward the RXDA (Receive data, channel A)
input of the DUART. This data path flows through two intermediate circuit blocks (see Figure
2.2-15). -

The first circuit is a set of diodes and resistors that function as a level shifter. This circuitry also
provides termination for the keyboard driver circuit.

The second circuit is called the clamping gate. It prevents the keyboard from overrunning the
2681.

The DUART’s OP4 output makes the RXRDA-0 (Receive Ready Channel A) signal. The
DUART, when receiving a character from the keyboard, asserts the RXRDA-0 line, which
activates the clamping gate. The clamping gate holds KBRDATA-1 low, which is monitored by
the keyboard. The keyboard will not send any more characters to the DUART until this line goes
high.

The clamping gate also forces the DUART s RXDA line inactive, so that the DUART cannot
interpret the clamp as a character. After the processor has read the data out of the DUART, the
DUART negates the RXDYA line; this releases the clamp, which alerts the keyboard that it is
again free to send. This implements the keyboard-to-processor handshake protocol.

Before sending a command to the keyboard, the processor reads the DUART s IP4 status line. If
the keyboard is not ready to receive a command, it clamps KBTDATA-1 low; this makes IP4 go
high. While this condition is true, the processor waits to send the next command until the
keyboard releases KBTDATA-1. This implements the processor-to-keyboard handshake
protocol.

During Self Test the keyboard is held in a reset condition (via OP3 of the DUART) while the
local interface circuitry is being tested. The KBTEST-1 signal enables the 74LS38 (U275C); this
causes the transmitted data on KBRDATA-1 to loop back into KBRDATA-1, where it is received
by the DUART as if it had come from the keyboard. This allows both the input and the output
data paths to be verified by Self Test.
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The 14.7456 MHz DISPCLK signal clocks the DUART. The system clock passes through a pair
of flip flops configured as a divide-by-four counter, which provides the 3.6864 MHz clock
required by the DUART.

The general purpose output, OP3, is programmable to reset the Keyboard.
The Keyboard Module interface consists of five lines: .

® KDI-1 (Pin 1) — Keyboard Data In (to the Keyboard Module)

® KDO-1 (Pin 2) — Keyboard Data Out (to the main terminal)

¢ RESET -0 (Pin 4) — Reset to the keyboard.

® GND (Pin 5) — Ground to the keyboard

® +12 V (Pin 6) — Vcc power to keyboard.

RS-232-C INTERFACE

The RS-232 interface provides asynchronous serial communications to a variety of hosts and
peripherals. The interface supports DTR flagging and RTS/CTS protocols. It is essentially the
same as the RS-232 interface on the 4105 and is based on the Signetics 68681 DUART (Dual
Asynchronous Receiver/Transmitter). The interface circuitry is shown in Figure 2.2-16.

The 68681 contains:
® Multipurpose 7-line input port
¢ Multipurpose 8-bit output port

® Timing block that either provides timing for the chip or accepts external timing from from
the processor.

An Interrupt Control and an Operation Control block manage the read/write interrupts and the
address decoding functions.

There is also an 8-line data buffer to minimize the potential of receiver overrun. The Operation
Control block controls the buffer to allow read/write operations between the controlling CPU and
the DUART. :
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1/0 BOARD THEORY

Channels A and B each have the following registers:
¢ Transmit Holding Register
¢ Transmit Shift Register
¢ Receiver Holding Register

Receiver Shift Register

Mode Register
¢ Command Register
® Select Register

For each receiver and transmitter you can select the operating frequency independently of the the
baud rate generator, the counter timer, or external input.

The transmitter performs the following sequential functions:
1. Accepts parallel data from the CPU.
2. Converts the data to a serial bit stream.
3. Inserts the appropriate start bit, stop bit, and operational parity bit.
4. Outputs a composite serial stream serial stream of data on the TxD output pin.
The receiver does the following:
1. Accepts serial data on the RxD pin.
2. Converts this serial input to parallel format.
3. Checks for the start bit, stop bit, and parity bit (if any), or break condition.
4. Sends an assembled stream to the CPU.
The 68681 possesses the following features:
¢ Full-duplex asynchronous channels
¢ Quadruple buffered-receiver data registers
® Programmable data format
® Programmable baud rates for each channel

The DUART that drives the RS-232-C connector is chip-selected by PCS-0. The chip uses
address lines A1 through A4. It also connects to data lines AD8 through AD1S5 (the high byte).
BHE and BWR drive the Write Enable. BRD controls the Read Enable. The Interrupt output is
OR-gated with PRINTERINT-1; together they drive INT2-1.

The RS-232 connector port has the following output pin assignments:
¢ FGND (Pin 1) — Frame Ground or chassis ground.

® TDATA, Transmitted Data (Pin 2) — The terminal receives data on this signal line from
the peripheral device.

® RDATA, Received Data (Pin 3) — The terminal transmits data on this signal line to the
peripheral.
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® RTS, Request-To-Send(Pin 4).

® CTS, Clear-To-Send (Pin 5) — This is used for DTR/CTS flagging between the terminal
and its peripheral device. By asserting CTS, the terminal grants permission for the
peripheral device to send data to the terminal.

® DSR, Data-Set-Ready (Pin 6).
® SGND, Signal Ground (Pin 7).
* DCD, Data-Carrier-Detect (Pin 8).

® DTR, Data-Terminal-Ready (Pin 20) — This is used for DTS/CTS flagging between the
terminal and its peripheral device. By asserting DTR, the peripheral device grants
permission for the terminal to send data to the peripheral device.

COMPONENT-LEVEL SERVICE 22-33






Section 2.3
MEMORY EXPANSION BOARD

GENERAL

The Memory Expansion board adds another megabyte of memory to the
4404. This memory is implemented with 256K bit dynamic RAM
chips. The board contains the support circuitry for the RAMs to
do address multiplexing and RAM refresh. This RAM is mapped by
memory management just as the main memory on the CPU Board is.

It is implemented such that the CPU can access it with no wait
states. It uses RAM chips that have a 120 ns access time, where
as the standard RAM on the CPU board has 150 ns access times.

The Memory Expansion board attaches to the CPU Board with a
connector similar to that of the I/0 Board. On this connector
some of the I/0 control signals have been replaced by memory bank
selection control signals.

Figure 2.3-1 shows the block diagram of the Memory Expansion
board. The principle block of this board is the memory which
implements the extra 1 megabyte of memory. Another block shown
is some circuitry to aid in debugging. This circuitry includes
another ACIA port strictly for system debugging and some RAM
purely for the debugging software. This option is not normally
available for the customer to use, unless he is an operating
system developer who needs the option for system development.
Apart from that, a few cards are available for system debugging.

The circuit shown in Figure 2.3-2 has literally the same
characteristics as the 1 megabyte memory on the CPU board.

Simply responding to the next step (1 megabyte range), the select
signal can be seen coming in.

Apart from that, all of the timing is identical. You will notice
that, instead of a number of small scale gates to do some of

the decoding operations, there is a PAL in the circuit. The PAL
implements exactly the same functions as is done in the discrete
components on the CPU card.

4404 COMPONENT-LEVEL SERVICE 2.3-1
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SECTION 2.3
Memory Expansion Theory

The memory on the CPU Board operates at zero wait states with the
standard speed 256K, 150 nanosecond access memory chips.

However, because the memory expansion board is accessed through
an extra connector and there is on extra level of buffering,
there are some delays there. These delays and the mixing of one
internal signal cause the signal to be 6 nanoseconds late getting
back. So the memory parts for the memory expansion board have to
specified at the 120 nanosecond access rather than the 150 access
of the main memory. The RAM chip manufacturers add a dash number
(15 or 12) to the part number to designate the speed. Apart from
that the circuitry is identical to the main memory on the CPU
Board.

Figure 2.3-3 shows the refresh counters and refresh timers and
multiplexers.

2.3-4 4404 COMPONENT-LEVEL SERVICE
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SECTION 2.3
Memory Expansion Theory

Figures 2.3-4 and 2.3-5 show the memory arrays as two banks of
512K bytes each. The banks are separated by bytes to provide byte
addressability.

Figure 2.3-4 shows the high byte that takes 2 15 for each of the
two banks. It takes 8 IC's for a byte on one bank. To keep
signal quality in all the address lines, there is a fairly large
amount of buffering on here.

Looking at the address lines, there are 16 nodes on the address
lines and the control lines. The RAS, the CAS, and the

Writes are broken down so all the gate loads are on either
level. The clock signals go into the memory arrays.
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SECTION 2.3
Memory Expansion Theory

DEBUG CIRCUITRY AND OPERATION

In addition to the RAM, an option to the Memory Expansion board
provides an RS-232 port for hardware and software debugging.
Through this port, a host system can gain control of the 4404 and
examine or modify the memory, peripherals, and CPU state. This
port may be used to down-line-load programs into the 4404.
Through routines in the boot ROM it can also single step,
breakpoint, and interpret the programs stack. The interface is
implemented so that, if the incoming DCD signal on the RS-232
port goes invalid, a hard reset is initiated.

It shows the circuitry that we make available for system
debugging. This is the circuitry that went on the initial
systems that we built for our own development. It allows for a
controlling processor to sit on a host machine and talk on an
RS-232 line which comes in here. The connector comes in at this
point and another ACIA chip (slightly different from the one on
the I/0 board). The chip is programmable for baud rates, so you
have some control over that.

This circuitry is able to do some of the system debugging. It
allows a system developer to know that software can be written
without sideaffects on the system being developed. Since it is
advantageous to have some memory allocated purely for debugging
(not available for general system development), there are 2
static RAM memories to implement 2K bytes of static RAM. The
decoding for these is done on the CPU Board. Debug RAM is the
select signal for getting access to the debug RAM. Debug ACIA is
the decode for the ACIA chip. It is implemented on the CPU to
cause the 68010 to do a 6800-compatible memory cycle.

There is a boot switch on the debug board itself so that you can
generate a reset signal, should that be convenient. 1In addition
to that, one of the lines (DCD clocked) is controlled by the host
processor, and is not part of the normal usage for doing
character transfer, so it is available to do a reset on this
system remotely from the host.

There is a terminal interface implemented that uses a null modem.
It's a very low level and is documented, but it's not really for
use. If you simply plug a terminal in there, what you gain is an
interface with whatever is implemented with the boot ROM's on the
CPU board. To use this, it would be necessary to specify an
address, then read or write to that location.

4404 COMPONENT-LEVEL SERVICE 2.3-9
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Section 2.4

LOW VOLTAGE POWER SUPPLY

'INTRODUCTION

NOTE

The 119-2012-00 Power Supply is used only in
terminals with serial numbers B040000 and later.
Earlier terminals use supplies referred 10 as “early
version” and “later version,” described in the
preceding pages of this theory section.

The Power Supply Module provides power for the logic
boards in the terminal. This board provides the the following
voltages: .

® +12Volts
® -12 Volts
® +5Volts

The Power Supply Module consists of the following
functional blocks:

® AC Power On/Off and Line Select
EMI Filtering

Rectifier and Filter

Main Switching Transistor

Primary Snubber

On Driver

Oft SCR

Oft Driver and Primary Current Limit
Main Transformer

Control Loop Feedback Transformer

COMPONENT-LEVEL SERVICE

+ 12 and -12 Volt Outputs

+ 5 Volt Output

+ 5 Volt Overvoitage Shutdown
Difference Amplifier

Burp Circuit

Feedback Driver

OVERVIEW

This power supply is a switching-type supply with a
difference amplifier and dc voitage-controlled variable width
puilse generator. The switching transistor’s on-time is
controllied by the pulse generator. Variations in input voltage
or output loading are detected by the difference amplifier.
This causes the puise generator to change the conduction
time of the switching transistor accordingly. When input
voltage drops, or load increases, the conductiontime T, is
longer (with respect to T, off-time). When the interval of T, is
longer, more flux builds up in the transformer primary. Then,
when the transistor turns off, more energy is transferred to
the secondaries. This helps to maintain a constant output
voltage. (While the supply is providing more power, its ~
switching frequency is decreased).

Regulation of the supply is accomplished in the primary
circuitry, via feedback through a small “feedback
transformer,” T2.

The +5 V output contains an over-voltage limit circuit,
which protects the terminal’s logic circuits from overvolitage.

2.4-1



e

14

‘wesBeig ¥00ig peliwIeQ Aiddng semod ‘y5-p 8unBigy

" cniy
INL VY
: F A
L
<
_ L
| |
oN
DRIVER SNUBBER |- u povN O
‘03) [, 4 4.3V . +8
RECTIFIER l\ sense Jsewse 3
] .3 3
SWITCHING ovERVOL
"\, TRANSISTOR , —1 }Zmorgcro'a
@4) | L DIFFERENCE
| o% | & AMPLIFIER (scr1)
eV
on >_¥ e ¥
(01,02) [ (ae.a7)
p
+ .
FILTER < b -
52 L : \ g
LINE
SELECT CURRENT | I T T erom
L (Jumira FEEDBACK %
c I L DRIVER
ON/OFF DRIVER | (0%) o
A
i |
T Mm a2 O
N ] " : L] ~12v
$
—% FAN
" (Not In 4106)
& CURRENT MALTIPLIEER
4598920

33IA43S TIATT-ININOJKWOD

NOLLYH3dO 40 AHOIHL




DESCRIPTIONS OF CIRCUIT BLOCKS

During the following discussion, refer to the Power Supply
Module schematic, along with the block diagram (Figure
4-54). The block diagram shows how each block relates to
one another, while the schematics are used when
describing how each block functions.

AC Power

The AC Power section consists of the AC plug, a fuse, and
the power switch.

AC power comes into the supply via a power cord
connected to the AC plug. The power supply is protected by
a 5 A fuse and is turned on by the power switch. The fuse is
mounted on the power supply circuit board, and is not an
externally accessible part.

C o a e oty

CAUTION %

e e e e e o o e

This supply contains a neon indicator lamp.
However, it is not wired as in other supplies to show
when dangerous voltages have leaked off. When
the supply is off and the light is out, dangerous
voltages will remain for a period of time.

EMI Filtering

The EMI filtering section is used to keep high frequency
(Khz range and up) noise created by the switching of the
supply from getting back onto the AC line. The filtering of
this section does not affect the 60 Hz input signal, which is
delivered to the Rectifier and Filter biock. The EMI Filtering
block consists of a thermal resistor, and an
inductor-capacitor filtering network.

Two inductors, working with an energy storing capacitor,
isolate the high frequency switching noise that is generated
by the converter. This prevents such noise from going back
into the AC line. The inductors are part of a common-mode
rejection transformer. This transformer has its two coils
connected to opposites sides of the AC line, hence current
is flowing in equal and opposite directions, creating a net
flux of zero. When a high frequency signal enters this
transformer, it meets a high opposing inductance. The
signal then takes the aiternate path (through the capacitor)
to ground.

COMPONENT-LEVEL SERVICE
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A thermistor limits surge current to the two capacitors (in the
power connector) when power to the supply is first turned
on. The thermistor then heats up, which lowers its
resistance, while the supply is operating. The thermistor
normally runs hot during operation of the supply.

Line Select

The Line Select block consists of two switches. The setting
of these switches depends on which AC input (115 or 230
volts) the supply is operating from.

g CAUTION g

The line select switches must both be set to the same
setting. Failure to do this could result in damage 10
the power supply or the monitor.

One switch selects the AC input for the power supply, the
other selects the input for the Display Module’s deguass coil
and its power supply. The setting of the line select switch
determines if the diode bridge in the Rectifier and Filtet
block acts as a voltage doubler or a full-wave bridge (see
the next biock description).

Rectifier and Filter

The Rectifier and Filter block changes the AC input signal to
a high voltage DC signal (200 to 360 volts) for use by the
Switching Transistor, Main Transformer, and other primary
circuit blocks. The main components of the Rectifier and
Filter block are: a diode bridge, and two 470 uf capacitors.
To better understands how this circuit works, assume that
all capacitors with a value less than 1 uf are open circuits
(these capacitors are for high frequency filtering and appear
as an open circuitto 60 Hz).

The setting of the AC line-select switch determines how the
AC input is rectified into DC. With the switch set to the 115V
position, the switch acts as a short circuit, and a voitage
doubler circuit is created (refer to Figure 4-47). The voitage
across the 470 uf capacitors is approximately 300 vo's.

When the switch is set to the 230 Volt position, the switch
acts as an open circuit. The circuit then acts as a full-wave
bridge (refer back to Figure 4-48), and voltage across the
capacitors is approximately 300 voits. Therefore, in either
configuration, the same voltage is developed across the
capacitors.
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THEORY OF OPERATION

On Driver

The On Driver aiso functions as a “self start” circuit. Start
up is accomplished by R2 bleeding current into the base of
Q4 (the main switching transistor); this causes Q4 to turn
on.

The main function of the On Driver after start up, is to
maintain base voltage during the “on time,” T,, of the
switching transistor. This On Driver holds Q4 on until the Off
SCR circuit shunts current away, which starts the “off time.”

Switching Transistor

The switching transistor (Q4) chops the primary voitage,
which produces a square wave voltage across the primary
windings of the transformer. The base of this transistor is
controlied by the combined effects of the On Driver and the
Oft SCR circuits. The switching frequency is determined by
how quickly the Off SCR terminates the on-pulses; which of
course is influenced by load variations and changes in input
voltage.

Snubber

The Snubber is a capacitor, diode, and high wattage resistor
in parallel with the switching transistor.

When the switching transistor is starting to turn off, a
voltage spike of up to a 800 volts or more occurs. This is the
result of energy stored in primary leakage inductances. The
snubber acts to steer current through the capacitor and
diodes back into the primary ( + 300 volts) supply,
preventing the high current from going through the
switching transistor. After the transistor has completed
turning off, the resistor rapidly discharges the capacitor,
dissipating about 3 watts of power through the resistor.

Primary Supply
CR9 and C10 form a housekeeping supply which provides

power for the primary side control circuitry (while the
converter is running).

2.4-4

Off SCR

This circuit actually conists of two transistors (Q1 and Q2)
connected back-to-back so as to simulate the action of an
SCR. This equivalent SCR receives feedback from the
secondary circuits and at the appropriate times shorts out
the base of the switching transistor. This causes the
switching transistor to turn off, which opens the primary
circuit; hence the name “off SCR.”

Turn off may be initiated by forward biasing Q5 in either of
two ways:

® afeedback puise from T2

@ aprimary current large enough to drop 0.6 V across the
paraliel resistors on the emitter of Q5 (R8, R9, and
R10).

Main Transformer

The Main Transformer provides power from the primary to
the secondary in order to develop the individual voitage
supplies.

The Main Transformer is configured in a fiy-back type of
configuration. During the on-time of the primary (as
determined by the switching transistor), energy is stored in
the main transformer air gap (as a flux field). During the
off-time of the primary, this energy is released into the
secondary coils. The energy released is filtered to become
the individual voltage sources. A more thorough discussion
of this process is covered at the beginning of this section.

One set of windings acts like secondaries connected into
the primary circuit. Current from this set of windings passes
through a diode pair and then through the main switching
transistor. This acts as a current multiplier for the main input
power.

COMPONENT-LEVEL SERVICE



Difference Amplifier

The main slement in the Difference Amplifier circuit is the
chip, U1, a uA723. This circuit is the heart of the feedback
and rogul‘ation loop of the supply.

A ripple simulation waveform is injected into pin 4 of U1, via
R14 and C23. The loop is set up as a simple ripple regulator
with a controlled current turn-off. As load demand increases
and output voltage drops, the primary turnoff is delayed, so
the T, part of the pulse train is lengthened. This reduces the
operating frequency, the ratio of T/T, is greater, and more
energy is fed into the secondary circuits.

THEORY OF OPERATION

Figure 4-55 shows this difference amplifier as part of the
secondary feedback circuit.

The chip has an internal reference supply at pin 6. This
reference voltage passes through a calibration pot and
enters pin 4, the minus input of the comparator. Pin 5 (the
plus input) is connected to the 5 V output via R21. As such,
it samples the + 5 volt supply and compares it to a
reference. The difference signal is amplified internally
before emerging on pin 9 of U1. This output signal then is
fed to the base of the Feedback Driver, Q8.
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4525122
Figure 4-55. Secondary Feedback Circuit with Difference Amplifier.
COMPONENT-LEVEL SERVICE 2.4-5




THEORY OF OPERATION

Feedback Driver

Q8 is a driver transistor that conducts pulses through the
Control Loop Feedback Transformer, T2. The base of this
transistor is connected to the outputs of both, the Difference
Amplifier regulator circuit, and the Burp protection circuit.
Either of these control circuits can send a signal that is
amplified by Q8 before being sent through T2.

Control Loop Feedback Transformer

T2 is the Control Loop Feedback transformer. Whereas the
other power supplies discussed in this section used
opto-isolators, this supply uses a transformer to provide
feedback isolation.

Off Driver and Current Limiter

This circuit triggers the Off SCR circuit on either of two
conditions as stated earlier: a pulse from T2, or sufficient
current through R8/R9/R10. Both actions effect the
base-emitter of Q5.

The Off Driver transistor, Q5, amplifies the feedback pulse
from transformer, T2. This circuit conducts the feedback
pulses to the Off SCR, to modulate the switcher’s puise
width according to load requirements.

Since all primary current flows through resistors R8, R9,
and R10, Q5 monitors input current. If this current exceeds
an acceptable level, Q5 triggers the Off SCR, thus acting as
a current limiter. (R32 limits the current flow through QS.)

+5,-12, and + 12 Voit Outputs

This supply provides +5V, + 12V and -12 V outputs from
each of three sets of windings on the main transformer.
When each secondary of the main transformer is on, its
diode conducts and its capacitor charges. When the
secondaries are off, the diodes are reversed biased,
preventing discharge of each capacitor back into the
transformer. The charge of the capacitor carries the supply
through until the secondary is again turned on.

The + 5 volt supply has additional filtering components to
eliminate noise created by the switching of the supply.
Since, this source is used for all the TTL devices in the
terminal, it is important that the + 5 V be free of high
frequency noise.

2.4-6

+ 5 Volit Over-Volitage Protector

This block allows an over-voltage (a runaway voitage) on the
+ 5 volt supply to shut down the power supply. The main
components of this block are a Silicon Controller Rectifier
(SCR1), zener diode, capacitor, and resistor.

if the + 5 volit supply rises above «+ 5.6 volts, the zener
diode turns on and begins conducting. When the zener has
sourced enough current to raise it another 0.6 volts, the
SCR turns on. This, in turn, shorts the + 5 Volt supply to
ground (through a 100 ohm resistor, R23).

Burp Circuit

The Burp Circuit protects the secondary circuit in the event
of an overioad or a short circuit. The Burp circuit goes active
when either:

¢ the + 12V output is pulled below approximately 8 V, or
® the +5 V output is pulled below approximately 4.3 V.

The two transistors, Q6 and Q7, act as an SCR; we’li call it
the “Burp SCR.” Below 8 V, the Burp SCR is off and C18
begins to get charged by the output from pin 9 of the main
transformer (T1). As C18 is charging, Q8 is held on; this
causes the power supply to operate in a minimum
pulse-width mode. This reduces the output power to a very
low level (less than 5 watts).

Then, when C18 reaches 8 V, the Burp SCR fires, which
turns off Q8 and allows the pulse width to increase. The
supply then tries to turn on full power to charge up the
outputs. If the + 12 V output does not reach 8 V by the time
the Burp SCR turns off (determined by the time constant of
C18 and R16), the power supply will return to a minimum
puise width mode.

To summarize, under a temporary overioad condition, the
supply will alternate between the minimum pulse width
mode and the maximum puise width mode. The duty cycle
of the maximum pulse width is small enough to keep overall
power dissipation to acceptable leveis, while such a
condition exists. This circuit relieves the effects of an
overioad without the inconvenience shutting down the
supply (popping a breaker) or burning up components.
Figure 4-56 shows the components in this and related
circuits.
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Figure 4-56. Burp Circuit Diagram.
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Section 2.5
CL-MON VIDEO DISPLAY MODULE

INTRODUCTION

The video monitor consists of the CRT (Cathode Ray Tube), the
power supply, the horizontal and vertical deflection coils, the
high voltage and flyback circuit, the video circuit, and the
horizontal and vertical drive circuits. The following
information provides an overview of the operation of the circuits
required for monitor operation. Figure 2.5-1 shows a block
diagram of the major monitor circuits.

MONITOR OVERVIEW
Figure 2.5-2 shows a simplified drawing of the CRT and its drive
circuits. The basic drive requirements include:
o Video signal applied to the cathode (K)

o Dc brightness voltage and blanking signal applied to the
grid labeled G1

o Accelerating voltége applied to the grid labeled G2
o Focusing signal connected to the grid labeled G4

o Vertical deflection signal applied to the vertical
deflection coils

o Horizontal deflection signal applied to the horizontal
deflection coils

All CRT drive signals must be synchronized to produce a .readable
image on the monitor screen.

Besides signals required to drive the CRT, the monitor includes:

o A High Voltage Stabilizer circuit to maintain correct CRT
potentials

o A Spot Killer circuit to protect the phosphor coating on the
inside of the CRT face when the power is turned off

0 An X-Ray Protection circuit which prevents excessive X-Ray
emission due to a circuit failure

o A power supply to provide the required dc voltages for
monitor operation
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SECTION 2.5
Video Monitor Theory
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Figure 2.5-1. Block Diagram of Monitor.
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SECTION 2.5
Video Monitor Theory

GRID G2—
GRID G1—
CATHODE (K) —
VIDEO VIDEO |
AMPLIFIER » OUTPUT |
(Q14) (Q15) "
BRIGHTNESS
HORIZONTAL
OUTPUT
T401 Pl
FLYBACK D47
TRANSFORMER
3
DYNAMIC
FOCUS
(VR64)
HIGH
VOLTAGE

TRANSFORMEj

5610-47

Figure 2.5-2. CRT Block Diagram.
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SECTION 2.5
Video Monitor Theory

CRT OPERATION
VIDEO SIGNAL TO THE CATHODE (K)

Figure 2.5-3 shows the Video Amplifier. The video signal is
applied to the cathode through the video amplifier which consists
of Q14 and Q15. A positive video signal applied to the base of
Q14 forward biases the emitter-base junction causing the
transistor to conduct and lowering the collector voltage. Since
the emitter of Q15 is connected directly to the collector of Q14,
any change in the collector voltage of Q14 turns Q15 on harder
which varies the potential of the CRT cathode.

The components C141, R142, C143, R145 and L141 provide high
frequency compensation for the video signal.

This circuit has accomplished the task of presenting the video
information to the CRT cathode. It is now the task of the
brightness control, deflection circuits, and the dynamic focus to
produce a readable image on the CRT face.

BRIGHTNESS AND BLANKING TO GRID G1

Figure 2.5-4 shows a simplified drawing of the Brightness,
Sub-brightness, and Blanking controls for the CRT.

The potential difference between G1 and the Cathode (K)
determines the amount of electrons which are drawn off the
cathode and sped toward the CRT face. The larger the potential
difference the more electrons directed at the CRT and the
brighter the image. An internal adjustment called SUB-BRIGHT
(VR69), plus an external control (labeled BRIGHTNESS) on the
front of the unit, allow adjustment of the screen brightness.

A "flyback" signal rectified by D40 provides blanking during
retrace. Retrace is defined as the time between completing one
line and returning the beam to the left side of the CRT to begin
another line. This signal removes the potential difference
between the cathode and G1 shutting off the signal.
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SECTION 2

5

Video Monitor Theory
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Figure 2,5-3. Video Amplifier Circuit.
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SECTION 2.5
Video Monitor Theory
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Figure 2.5-4. Brfghtness and Blanking Control.
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SECTION 2.5
Video Monitor Theory

ACCELERATOR GRID G2 AND FOCUS GRID G4

Now that the video signal has produced a flow of electrons in the
CRT, they must be accelerated to and focused on the CRT face.
A high positive voltage (300 to 600 volts