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About This Manual

This manual documents system design concepts and hardware functions for
the VAXstation 2000 and MicroVAX 2000 computer systems. It describes
options that support the systems, and provides hardware programming in-
formation.

Refer to the Reference Manuals section for a listing of documents that apply
to the VAXstation 2000 and MicroVAX 2000 computer systems.

ORGANIZATION
The manual is divided into ten chapters and two appendices.

Chapter 1 - System Introduction describes the VAXstation 2000 and Mi-
croVAX 2000 systems. It also lists the physical characteristics of the com-
ponents that make up both systems.

Chapter 2 - Functional System Overview provides a functional overview of
the system module in the VAXstation 2000 and the MicroVAX 2000 systems.

Chapter 3 - VS410 System Module Detailed Description explains the system
module in detail.

Chapter 4 - MS400 Option Memory Modules describes the MS400-AA and
MS400-BA memory modules that are options to the KA410-AA system mod-
ule.

Chapter 5 - ThinWire Ethernet (DESVA) Option Module describes the op-
tion that enables a VAXstation 2000 or MicroVAX 2000 system to connect
to an Ethernet network.

Chapter 6 - Resistor Load Module explains the module that is used to reg-
ulate the power supply of expansion boxes when less than two drives are
installed.

Chapter 7 - Power Supply lists the operating specifications of the H7848
power supply.

Chapter 8 - Drives provides an overview of the drives available for use with
VAXstation 2000 and MicroVAX 2000 systems.

Chapter 9 - DEC423 Converter (MicroVAX 2000) describes the physical char-
acteristics of the converter, which permits easy installation of terminals and
printers using MM] connectors.

xxiii



Chapter 10 - Expansion Peripherals describes the three expansion peripher-
als available with the VAXstation 2000 and MicroVAX 2000 systems.

Appendix A - System Timing Diagrams displays timing diagrams for the
system.

Appendix B - Physical Address Maps lists system module and option mod-
ule addresses.
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Chapter 1
System Introduction

1.1 VAXstation 2000 System Description

The following paragraphs provide a physical description of the VAXstation
2000 system. The VAXstation 2000 consists of the following four hardware

components (Figure 1-1).
¢ System box
¢ Video monitor
¢ Keyboard
¢ Mouse/Tablet

Figure 1-1: The VAXstation 2000 Computer System
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1.1.1 VS410 System Box

The VS410 system box contains the following components.

KA410 system module - The KA410 system module is central to
the entire computer system. It is a printed circuit board mounted
on the FCC shield. The system module contains all the control
and interface electronics needed to support the CPU chip, support
all I/O for the disks and tapes, support the video subsystem, and
support the three option ports (memory, Ethernet network, and a
graphics option port). This system module contains 2 megabytes of
RAM and is used in both the VAXstation 2000 and MicroVAX 2000
systems. A jumper setting on the system module determines which
system it is configured for.

MS400 memory option module - The memory module provides
two to four additional megabytes of RAM memory. It is a printed
circuit board mounted on standoffs on the system module and
electrically connected to the system module through two 40-pin
connectors. Although the memory module is called an option,
additional memory is necessary to run the VMS or ULTRIX operating
systems.

Ethernet network option module - The Ethernet network module
provides an IEEE 802.3 interface to the ThinWire Ethernet
communications network. It is a printed circuit board mounted
on standoffs on the system module and electrically connected to
the system module through two 40-pin connectors. This Ethernet
network module is an option on the MicroVAX 2000 system but
comes standard in the VAXstation 2000 system.

RX33 floppy diskette drive - The system box may contain an RX33
half-height floppy diskette drive. The RX33 media stores up to 1.23
megabytes of data. This drive is available on both the VAXstation
2000 and MicroVAX 2000 systems.

RD32 hard disk drive - The system box may contain an RD32 half-
height hard disk drive. The RD32 stores up to 40 megabytes of data.
This drive is available on both the VAXstation 2000 and MicroVAX
2000 systems.

1.1.2 Video Monitor

The video monitor provides the system display on the VAXstation 2000
system. It is a VR260 monochrome monitor that provides black and white
display for the VAXstation 2000 system. The monitor has two display
controls on the side panel to adjust brightness and contrast.
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1.1.3 LK201 Keyboard

The operator uses the keyboard to enter data into the system. The keyboard
contains three keypads (main, editing, and numeric) and a series of special
function keys.

1.1.4 VSXXX Mouse

The operator uses the mouse to position the cursor on the monitor screen.
The mouse contains three keys and a position movement transducer for
positioning the cursor on the display.

1.2 MicroVAX 2000 System Description

This section provides a physical description of the MicroVAX 2000 system.
The MicroVAX 2000 consists of the following three hardware components
(Figure 1-2).

* System box
¢ Video console terminal

* Keyboard

1.2.1 VS410 System Box

The VS410 system box contains the same components as listed in Sec-
tion 1.1.1, plus one additional component. The MicroVAX 2000 system has
a DEC423 converter attached to the back of the system box and is mounted
over the video and printer ports. The DEC423 converter changes the RS232
signals on the 15-pin video port and 9-pin printer port into DEC423 signals
which go out to the three MM] connectors.

1.2.2 Video Console Terminal

The video console terminal provides the system display. The console termi-
nal is a VT220 which provides a black and white display. It has two display
controls for adjusting the brightness and contrast and also has a tilt control
on the side panel for adjusting the viewing level.

1.2.3 LK201 Keyboard

The operator uses the keyboard to enter data into the system. The keyboard
contains three keypads (main, editing, and numeric) and a series of special
function keys.
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Figure 1-2: The MicroVAX 2000 Computer System

MA- 0826-87

1.3 Physical Characteristics

This section lists the physical characteristics of the components that com-
prise the VAXstation 2000 and MicroVAX 2000 systems.

1.3.1 System Box

The VS410 system box is housed in a desk top enclosure. All cable access
to it is from the rear panel. Cooling air intake is through the front panel
and exhaust is through the rear panel. No clearance is required at the top
or bottom, or either side of the box.
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Width  12.75 inches 323.85 mm
Depth  11.25 inches 285.75 mm
Height 5.5 inches 139.7 mm
Weight 28 pounds 12.7 kg

The dimensions of the VS410 system box with BA40A expansion adapter
are as follows.

Width  12.75 inches 323.85 mm
Depth  11.25 inches 285.75 mm
Height 7 inches 177.8 mm
Weight 30 pounds 13.6 kg

1.3.1.1 KA410 System Module

Width 10 inches 254 mm
Length 14 inches 355.6 mm
Height  1.25 inches 32 mm

1.3.1.2 Network Interconnect Module
Width 4 inches 102 mm
Length 7 inches 178 mm
Height  0.25 inches 6.35 mm

1.3.1.3 MS400 Memory Module

Width 4.6 inches 116.84 mm
Length 8 inches 203.2 mm
Height  0.38 inches 9.65 mm

1.3.1.4 Power Supply

Width  4.75 inches 120.65 mm
Length  10.25 inches 260.35 mm
Height  3.75 inches 95.25 mm
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1.3.1.5 RX33 Diskette Drive

Width  5.75 inches 146.05 mm
Length 8 inches 203.2 mm
Height  1.69 inches 42.93 mm
Weight 2.9 pounds 1.32 kg

1.3.1.6 RD32 Disk Drive

Width  5.75 inches 146.05 mm
Length 8 inches 203.2 mm
Height  1.63 inches 41.4 mm
Weight 3.5 pounds 1.59 kg

1.3.1.7 DEC423 Converter (MicroVAX 2000)

Width 3 inches 76.2 mm
Length 3.3 inches 83.82 mm
Height  1.23 inches 31.24 mm
Weight 5.6 ounces 159 g

1.3.1.8 Resistor Load Module

Width 4 inches 101.6 mm
Length 7 inches 177.8 mm
Height 0.5 inches 12.7 mm

1.3.2 BA40B Expansion Boxes

The power supply and resistor load modules in the expansion boxes are the
same as in the system box. Dimensions of the BA40B storage expansion
boxes are as follows.

Width  12.75 inches 323.85 mm
Depth  11.25 inches 285.75 mm
Height 5.5 inches 139.7 mm

Weight 20 pounds 9.1kg
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1.3.2.1 RDS3 Disk Drive

Width  5.75 inches 146.05 mm
Length 8.2 inches 208.28 mm
Height  3.37 inches 85.6 mm
Weight 6.3 pounds 2.8 kg
1.3.2.2 TZKS50 Controlier Board

Width 5.7 inches 144.78 mm
Length 8 inches 203.2 mm
Height  0.625 inches 15.88 mm

1.3.2.3 TKS50 Tape Drive
Width 5.75 inches 146.05 mm

Length 8.4 inches 213.36 mm
Height  3.25 inches 82.55 mm
Weight 5 pounds 2.27 kg

1.3.3 BA40A Expansion Adapter

Width  12.75 inches 323.85 mm
Length  11.25 inches 285.75 mm
Height 1.5 inches 38.1 mm
Weight 2 pounds 0.9 kg

1.3.3.1 Disk Interface Module

Width 3.2 inches 81.28 mm
Length 5.2 inches 132.08 mm
Height 0.4 inches 10.16 mm
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Chapter 2
Functional System Overview

This chapter describes the functional overview of the system module in the
VAXstation 2000 and MicroVAX 2000 systems. Functional overviews of the
optional modules to these systems are described within their chapter and
are not discussed here. Figure 2-1 shows the functional block diagram of
the system module.

2.1 Central Processor Overview

The central processor consists of a DC333 MicroVAX CPU chip and a DC337
MicroVAX FPU chip. The DC333 MicroVAX CPU chip is a 32-bit virtual
memory microprocessor that implements a subset VAX-compatible central
processor. The DC337 FPU chip implements a subset VAX-compatible float-
ing point unit. The FPU chip provides floating point computation capabili-
ties to the MicroVAX CPU chip. Each chip is contained in a 68-pin package
and both chips reside on the VS410 system module.

Both chips use the 40 MHz oscillator and communicate to each other over
the 32-bit VDAL CPU bus. The F373 latch and the F245 bidirectional bus
transceiver buffer the VDAL CPU bus to the ELAD bus and BDAL bus,
respectively. Figure 2-2 shows the functional block diagram of the CPU
chip and the FPU chip.
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Figure 2-2: Block Diagram of the CPU Chip and the FPU Chip
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Key features supported by the DC333 MicroVAX CPU chip:

Subset VAX data types — The chip supports the following subset
of the VAX data types: byte, word, longword, quadword, character
string, and variable length bit field. Support for f floating, d floating,
and g floating is available via the floating point unit chip. Support
for the remaining VAX data types can be provided by macrocode
emulation.

Subset VAX instruction set — The chip implements the following
subset of the VAX instruction set: integer and logical, address, vari-
able length bit field, control, procedure call, miscellaneous, queue,
MOVC3/MOVCS, and operating system support. Floating point is
implemented through the floating point unit chip. The remaining
VAX instructions can be implemented via macrocode emulation (the
chip provides microcode assists for the emulation of the character
string, decimal string, EDITPC, and CRC instructions).

Functional System Overview 2-3



Floating dpomt — The chip supports f floating, d floating, and g
floating data types through the FPU; does not support h floating.

Full VAX memory management — The chip includes a demand
paged memory management unit which is fully compatible with
VAX memory management. System space addresses are virtually
mapped through single-level page tables and process space ad-
dresses through double-level page tables.

External interface based on industry standards — The chip's external
interface is a 32-bit extension of the industry standard microproces-
sor interface.

Large virtual and physical address space — The chip supports four
gigabytes ( 232) of virtual memory, and one gigabyte ( 230) of physical
memory.

High performance — At its maximum frequency, the chip achieves
a 200 ns microcycle and a 400 ns I/O cycle.

Single package — The chip is packaged in a standard 68-pin surface
mounted chip carrier.

Key features supported by the DC337 FPU chip:

Subset VAX data types — The chip supports the following subset
of VAX data types: byte, word, longword, f floating, d floating, and
g floating. The data type h floating is not supported.

Subset VAX instruction set — The chip implements a subset of the
VAX floating point instruction set. (The remaining floating point
instructions, except h floating, are implemented in the CPU chip.)
Accuracy for the EMOD and POLY instructions will meet VAX ar-
chitectural standards.

Integer multiply and divide acceleration — The chip supports signed
integer multiply and unsigned integer divide.

Simple external interface — The chip’s external interface is straight-
forward and requires no external support chips.
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* High performance — At its maximum frequency, the chip achieves
a 100 ns microcycle and a 200 ns I/O cycle.

* Package — The chip is packaged in a 68-pin surface-mounted chip
carrier.

¢ Fast instruction times — Table 2-1 lists typical instruction times for
the FPU. Note that times may be faster or slower depending on the
operands used in the calculation.

Table 2-1: FPU Instruction Times

Instruction Single Double
ADD! 2.0 2.6
MUL 2.6 42
DIV 37 6.1

'Digital FPU number uses operands separated by 11 in the exponent.

2.2 System Memory

The system memory consists of RAM and ROM memory located on the
system module and also RAM memory located on the option memory
module. Even though the optional RAM is not located on the system
module, it is considered to be system memory. Figure 2-3 shows the
functional block diagram of the system memory.

The system supports up to 16 megabytes of RAM (DRAM) memory, not
including video RAM. The actual amount of RAM depends upon the option
memory module installed. The data path to RAM memory is 32-bits wide.
Data integrity is checked by a parity bit associated with each byte of memory.
The RAM that is physically located on the system module contains 2048
kilobytes of memory.

The video RAM (VRAM) consists of 128 kilobytes of memory on the system
module. It contains the video bitmap screen display information. The video
bus caries the bitmap information from the VRAM through a multiplexer
counter to the standard cell. The standard cell then generates the proper
signals to display the video data, along with the cursor data, onto the video
screen.

Functional System Overview 2-5
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The optional memory module can contain up to 14,336 kilobytes of RAM,
however, only 2048 kilobyte and 4096 kilobyte RAM option memory
modules are supported. The system generates byte parity when writing
to RAM memory and checks byte parity when reading from RAM memory.

The system module ROM contains 256k bytes of data that includes processor
restart, diagnostic and console code, and 1/O device drivers. The system
ROM is addressed by the CPU chip over the ELAD bus and also by the
standard cell over the MEMAD bus. The ROM outputs the data onto the
MD bus which is buffered onto the BDAL bus and sent back to the CPU chip.
The system ROM also contains interrupt vector routines that are addressed
by the standard cell over the IAD bus.

The ThinWire Ethernet ID ROM on the system module contains 32 bytes of
memory for a unique Ethernet network identification address for the system.

Each option module is required to have its own ROM memory that contains
a standard signature to identify the option, as well as firmware initialization
code and diagnostic code. This option ROM information is accessed
through the memory option port.

2.3 Time-Of-Year Clock

The time of year clock keeps the date, time of day, and 50 bytes of general
purpose RAM. A 32.768 kHz time base oscillator provides the clock input
and a rechargeable nickel-cadmium battery provides power to the chip
and oscillator while system power is off. The TOY clock uses an L5646
transceiver to buffer and control the data and addresses to and from the
CPU bus. Data from the TOY clock is used to determine the date and time
during the power-up of the system. Within the 50 bytes of RAM are stored
utilities such as the boot flags, boot device, halt action, and keyboard type
as well as other volatile information. Figure 2-4 shows the functional block
diagram of the TOY clock and also the configuration and test register.

A nickel-cadmium battery in the system box supplies power to the watch
chip and its time base oscillator while system power is off. When starting
from a fully charged condition, the battery maintains valid time and RAM
data in the watch chip for a minimum of 100 hours. The battery recharges
while system power is on.

Figure 2-4 also shows the configuration and test register. This register is an
8-bit register that contains system information such as whether the system
is a VAXstation 2000 or a MicroVAX 2000, whether an option module is
installed in the option slots, whether the BCCO08 cable is connected to the
printer port, and cursor chip test results.
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Figure 2-4: TOY Clock Functional Block Diagram

2.4 DC524 Standard Cell

The DC524 standard cell is the heart of the system. It controls the address
decoding and the timing parameters for each device. It contains the
interrupt controller, parity generation and checking, and all of the monitor
timing circuitry internal to itself. The list below summarizes the functions
of the standard cell and Figure 2-5 shows the functional block diagram of

the standard cell.

/O control

Video control

Disk control

Tape control

Memory control

Monitor timing

Chip test mode

Power-up initialization

Interrupt controller

Parity generation and checking
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2.5 DC503 Cursor Sprite Chip

The DC503 cursor sprite chip generates a cursor display on the video mon-
itor. The cursor is generated from a two-plane memory array within the
cursor chip. The cursor sprite chip receives commands over the BDAL bus
for such things as cursor position, cursor pattern, and blanking of the cursor.
The output of the cursor sprite chip is sent to the standard cell for inclusion
in the video output signal to the monitor. Figure 2-6 shows the functional
block diagram of the DC503 cursor sprite chip.

2.6 Serial Line Controller

The system module serial line controller handles four asynchronous serial
lines. This controller is a DC367B gate array. Input characters from all four
lines are buffered in a common 64-position silo. The silo is a true silo where
a character drops through all 64 words in the silo before it is latched at the
output. Only one line, the communication line, has full modem control
signals. Figure 2-7 shows the functional block diagram of the serial line
controller.

2-10 VAXstation 2000 and MicroVAX 2000 Technical Manual
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2.7 9224 Disk Controller

The disk controller supports both diskette drives (RX33) and ST506/412 hard
disk drives (RD32 and RD53). The maximum configuration of the controller
is one diskette drive and two hard disk drives. The controller is an HDC
9224 universal disk controller chip which uses a phase-locked loop (PLL)
data recovery circuit, an address counter, and a 16-kilobyte dual port data
buffer. Figure 2-8 shows the functional block diagram of the 9224 disk
controller.

The disk data buffer is a 16-kilobyte block of RAM storage which is shared
between the disk controller, the tape controlier, and the CPU. This buffer
uses two 8-kilobyte by 8-bit static RAM chips and is not included as part of
the system module dynamic RAM. The disk and tape controller access the
data buffer through the address counters. The address counters hold the
data buffer address from the disk cortroller during normal RAM cycles as
well as during DMA cycles. The disk data buffer is accessed by the CPU
chip through the tri-state transceivers between the BDAL bus and the IDAL
bus.

The phased locked loop (PLL) consists of a phase comparator and a voltage-
controlled oscillator (VCO). The phase comparator is inside the standard
cell. The VCO is a dual oscillator chip for both hard disk and floppy diskette
data frequencies. The phased lock loop is used to control the frequency
of the raw read data from the disks. The individual modified frequency
modulation (MFM) pulses that are read from the disks are sensitive to speed
variations and the value of the pulse (1 or 0) may be lost if the frequency
of the data stream is not precise. The VCO allows the tracking of any
variation of the data stream and sends feedback to the phase comparator to
compensate the variation so the loop recovers the data and sends the disk
controller a steady and reliable data stream.

Functional System Overview 2-13
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2.8 5380 Tape Controller

The tape controller is an NCR 5380 SCSI controller chip. It provides an
ANSI Small Computer System Interface (SCSI) interface between the TZK50
tape controller in the tape expansion box and the data buffer on the system
module. The tape controller is connected directly to the SCSI tape bus,
which is port A on the expansion adapter, and it is also connected to the
disk data buffer through the disk buffer data bus. The tape controller is
controlled by the DC524 standard cell. Figure 2-9 shows the functional
block diagram of the 5380 tape controller.

The SCSI interface is a bi-directional 8-bit wide bus to which up to eight
devices can be attached. The system module is one of those devices, so
up to seven additional devices can be attached. Devices may play one of
two roles: initiator or target. An initiator originates an operation by sending
a command to a specific target. A target performs an operation that is
requested by an initiator. In this product, it is assumed that the system
module is always an initiator and that all other SCSI devices attached to it
are targets. Each device attached to the SCSI tape bus is identified by a
unique device ID number in the range 0 through 7; the system module is
normally 0.

Functional System Overview 2-15
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2.9 ThinWire Ethernet Circuits

The only portion of the ThinWire Ethernet network circuitry that is not on the
Ethernet network option module is the transceiver circuitry. This transceiver
circuitry is located in the upper right hand corner of the system module. It
consists of the coaxial cable connector, the coaxial transceiver interface chip,
and the isolation transformer. The coaxial transceiver interface (CTI) is used
a the coaxial cable line driver and receiver for the ThinWire Ethernet local
area network. The CTI contains a transmitter, receiver, collision detector,
and a jabber timer. Figure 2-10 shows the functional block diagram of the
ThinWire Ethernet circuits.

Figure 2-10: ThinWire Ethernet Circuits Functional Block Diagram
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Chapter 3

VS410 System Module Detailed
Description

3.1 Introduction

This chapter explains in detail the system module (see Figure 3-1). This
chapter contains the following sections.

¢ Central processor

* ROM memory

¢ Time-of-Year clock

* DC524 standard cell

¢ DC503 cursor sprite chip

¢ Serial line controller

e 9224 disk controller

¢ 5380 tape controller

¢ ThinWire Ethernet circuits

¢ Miscellaneous registers

¢ VAXstation 2000 and MicroVAX 2000 system jumper configuration
¢ System module connector pinouts

¢ Power requirements

VS410 System Module Detailed Description 3-1



Figure 3-1: System Module
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3.2 Central Processor
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This section describes the CPU chip and the FPU chip in detail. See Fig-
ure 3-2.
Figure 3-2: Central Processor Unit (CPU)
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3.2.1 DC333 CPU Chip Specifics

Figure 3-3 shows the pinout for the CPU chip. Table 3-1 lists the CPU pins
and explains their functions.

Figure 3-3: CPU Chip Pinout
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Table 3-1:

CPU Chip Pin Functions

Pin

Signal

Description

CPU Data and Address Bus

62:68
59:45
42:33

VDAL06:00
VDAL21:07
VDAL31:23

Bus Control

The data and address bus (VDAL 31:00) is a bidirec-
tional time-multiplexed bus. During the first part
of a CPU read cycle or CPU write cycle, VDAL31:30
indicate the length of the memory operand (00 =
byte, 01 = word, 10 = longword, 11 = quadword),
and VDAL29:00 contain the LONGWORD address of
the memory operand (bit VDAL29 distinguishes mem-
ory space from /O space). During the second part
of a CPU read cycle or interrupt acknowledge cy-
cle, VDAL31:00 is used to receive incoming informa-
tion. During the second part of a CPU write cy-
cle, VDAL31:00 is used to transmit outgoing informa-
tion. During the first part of an interrupt acknowl-
edge cycle, VDAL04:00 contain the IPL of the inter-
rupt being acknowledged, VDAL29:05 contain 0Os, and
VDAL31:30 are 10. The VDAL bus is also used to
exchange information with external processors such
as the lance chip on the network interconnect option
module.

30

29

VAS

VDS

The address strobe signal provides timing and control
information to the video and memory option ports.
During a CPU read cycle, CPU write cycle, or inter-
rupt acknowledge cycle, the chip asserts VAS L when
the initial information on VDAL 31:00 is valid. The
chip deasserts VAS L at the conclusion of the bus cy-
cle.

The data strobe signal provides timing information for
data transfers. During a CPU read cycle or interrupt
acknowledge cycle, the chip asserts VDS L to indicate
that VDAL 31:00 are free to receive incoming data,
and deasserts VDS L to indicate that it has received
and latched the incoming data. During a CPU write
cycle, the chip asserts VDS L to indicate that VDAL
31:00 contain valid outgoing data, and deasserts VDS
L to indicate the end of valid outgoing data.

VS410 System Module Detailed Description 3-5



Table 3-1 (Cont.): CPU Chip Pin Functions

Pin Signal Description

28 VDBE The data buffer enable signal is used in conjunction
with the VWRITE L signal to control external VDAL
transceivers. The chip asserts VDBE L to enable the
VDAL transceivers, and deasserts it to disable them.

21 VWRITE The write signal specifies the direction of data transfer
on the VDAL bus. If VWRITE L is asserted, then the
chip is driving data onto the VDAL. If VWRITE L is not
asserted, the chip is not driving data onto the VDAL.
VWRITE L is valid when VAS L is asserted or EPS L
is asserted.

20 ERROR The DC524 standard cell asserts the bus error signal
(ERROR L) to indicate abnormal termination of the
current CPU read cycle, CPU write cycle, or inter-
rupt acknowledge cycle. During a CPU read or CPU
write cycle, this causes a machine check. During an
instruction prefetch, this causes the prefetched data
to be discarded. During an interrupt acknowledge cy-
cle, ERROR L cancels the interrupt transaction. When
the chip recognizes the assertion of ERROR L, it termi-
nates the current bus cycle and proceeds. The DC524
standard cell then deasserts ERROR L.

19 READY The DC524 standard cell asserts the ready signal (READY
L) to indicate normal termination of the current CPU
read cycle, CPU write cycle, or interrupt acknowledge
cycle. During a CPU read cycle or interrupt acknowl-
edge cycle, READY L indicates that the DC524 stan-
dard cell has placed the required input data on the
VDAL bus. During a CPU write cycle, READY L in-
dicates that the information is available on the VDAL
bus. When the CPU chip recognizes the assertion of
READY L, it terminates the current bus cycle and pro-
ceeds. The DC524 standard cell then deasserts READY
L.

15:12  VBM3:0 The byte mask signals specify which bytes of the VDAL
bus contain valid information during the second part
of a CPU read cycle or CPU write cycle. If VBM3 L
is asserted, then VDAL 31:24 contains valid data; if
VBM2 L is asserted, then VDAL 23:16 contains valid
data; if VBM1 L is asserted, then VDAL 15:8 contains
valid data ; if VBMO L is asserted, then VDAL 7:0
contains valid data.

3-6 VAXstation 2000 and MicroVAX 2000 Technical Manual



Table 3-1 (Cont.): CPU Chip Pin Functions
Pin Signal Description

During a CPU read cycle, the byte masks indicate
which bytes of data must be placed on the VDAL;
if this amounts to less than 32 bits, the other bytes
of the VDAL are ignored. During a CPU write cycle,
the byte masks specify which bytes of the VDAL bus
contain valid data. During an interrupt acknowledge
cycle, all four byte masks are asserted. VBM3:0 L are
only valid when VAS L is asserted.

System Control

26:248 VCS2:0 The control status lines, in conjunction with the VWRITE
L signal, provide status about the current bus cvcle.
VCS2:0 are valid when VAS L or EPS L is asserted.
(VCS2 is also used during the external processor pro-
tocol, see below). During a CPU read cycle, CPU
write cycle, or interrupt acknowledge cycle (VAS L as-
serted), VWRITE L and VCS2:0 mean the following:

VWRITE VCS2:0 Bus Cycle Type

H LLL reserved

H LLH reserved

H LHL reserved

H LHH  interrupt acknowledge

H HLL read (I-stream)

H HLH  read lock

H HHL  read (D-stream, modify intent)
H HHH  read (D-stream, no modify intent)
L LLL reserved

L LLH reserved

L LHL reserved

L LHH  reserved

V5410 System Module Detailed Description 3-7



Table 3-1 (Cont.):

CPU Chip Pin Functions

Pin Signal Description
L HLL reserved
L HLH  write unlock
L HHL  reserved
L HHH  write (D-stream)
During an external processor read cycle, external pro-
cessor write cycle, or external processor response cycle
(EPS L asserted), VCS2 is precharged and sustained
high, and VWRITE L and VCS1:0 mean the following:
VWRITE VCS1:0 Bus Cycle Type
H LL reserved
H LH read data
H HL reserved
H HH response enable
L LL write command (FPU)
L LH write data
L HL write command (non-FPU)
L HH reserved
16 CPRESET The DC524 standard cell asserts the reset signal (RE-

SET L) to force the CPU chip to its initial power-up

state.
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Table 3-1 (Cont.): CPU Chip Pin Functions
Pin Signal Description

11 HALT Pressing the halt button or pressing the BREAK key on
the diagnostic console asserts the halt signal (HALT
L) to transfer control to console macrocode. At the
conclusion of the current macroinstruction, the chip
executes an external processor write cycle. During
this cycle, VCS1:0 = 10 (non-FPU command) and
VDALO5:00 = 111111. The chip then enters the restart
process with the restart code = 2 (HALT L asserted).
HALT L is edge-sensitive rather than level-sensitive, is
sampled during every microcycle, and is synchronized
internally.

Interrupt Control

10 INTTIM The interval timer signal (INTTIM L) allows the DC524
standard cell to signal an interval timer rollover to
the chip. INTTIM L interrupts at IPL16 (SCB vector
CO hex). An interval timer interrupt is not acknowl-
edged by the chip. INTTIM L is edge-sensitive rather
than level-sensitive, is sampled during every microcy-
cle, and is synchronized internally.

8 POWERFAIL This signal is not used. It is pulled high by a pull-up
resistor.
7 INTREQ The interrupt request signal (IRQO L) from the DC524

standard cell allows several I/O devices to input a sin-
gle interrupt request to the CPU chip at interrupt level
IPL14. When taken, interrupt requests are acknowl-
edged by an interrupt acknowledge cycle. IRQO L is
level-sensitive, is sampled during every microcycle,
and is synchronized internally.

6 IRQ1 This signal is not used. It is pulled high by a pull-up
resistor.

4 IRQ2 This signal is not used. It is pulled high by a pull-up
resistor.

3 IRQ3 This signal is not used. It is pulled high by a pull-up
resistor.
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Table 3-1 (Cont.):

CPU Chip Pin Functions

Pin

Signal

Description

Direct Memory Access Control

22

18

VDMC

DMAREQ

Miscellaneous

The DMA grant signal (VDMG L) is asserted by the
chip to grant control of the VDAL bus and related
control signals to the DC524 standard cell and to the
lance chip on the network interconnect option mod-
ule. The chip floats (three-states) the VDAL bus and
the related control signals. When the network inter-
connect module deasserts VOMAREQ L, the CPU chip
responds by deasserting VDMG L and then starts the
next bus cycle.

The DMA request signal (DMAREQ L) is asserted by
the lance chip on the network interconnect option
module when it needs to take control of the VDAL
bus and related control signals for DMA or other pur-
poses. DMAREQ L is level-sensitive, is sampled dur-
ing every microcycle, and is synchronized internally.

27

17

VCLKO

EPS

CLKI

VBB

Test

This signal supplies a synchronized timing signal for
other chips in the system. It oscillates at half the fre-
quency of the 40 MHz clock input signal, The first
rising edge of clock output following the deassertion
of the reset signal begins the start of phase 1 of the
CPU chip timing sequence.

The external processor strobe signal (EPS L) is used by
the CPU chip to coordinate external processor trans-
actions with the FPU chip.

This input supplies a 40 MHz square wave clock timing
to the CPU chip from an oscillator. Jumper W4 can
be removed to disconnect the oscillator from the CPU
chip for diagnostic purposes.

This pin is connected to the back bias generator. It can
be used to test the function of the back bias generator
or to supply back biasing during a diagnostic debug
procedure,

This signal is not used and is connected to ground.
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3.2.1.1 CPU Bus Cycle Descriptions
The CPU chip supports eight types of bus cycles.

e Idle
¢ (CPU read
¢  CPU write

¢ Interrupt acknowledge

¢ External processor read (status or data)

¢ External processor write (command or data)
* External processor response

¢ DMA

3.2.1.1.1 CPU Idie Cycle

An idle cycle requires four clock phases (nominally 200 ns). The VDAL bus
is undefined. The bus control signals are unasserted.

3.2.1.1.2 CPU Read Cycle

In a CPU read cycle, the chip inputs information from main memory or
I/O devices. A CPU read cycle requires a minimum of eight clock phases
(nominally 400 ns) and may last longer, in increments of four clock phases
(nominally 200 ns). The chip drives the physical longword address onto
VDAL29:02. BM3:0 L and CS2:0 are asserted as required; WR L is unasserted.
The chip asserts AS L, indicating that the physical address is valid. The chip
then asserts DS L, indicating that the VDAL bus is free to receive incoming
data. If no error occurs, external logic responds by placing the required data
on VDAL31:00 and asserting RDY L. The chip then reads the data from the
VDAL bus. If an error occurs, external logic responds by asserting ERR L.
The chip ignores the data on VDAL31:00 in this case and, if the transaction
is a data read, initiates a machine check. Finally, the chip deasserts AS L
and DS L to end the CPU read bus cycle.

VS410 System Module Detailed Description 3-11



3.2.1.1.3 CPU Write Cycle

In a CPU write cycle, the chip outputs information to main memory or
I/O devices. A CPU write cycle requires a minimum of eight clock phases
(nominally 400 ns) and may last longer, in increments of four clock phases
(nominally 200 ns). The chip drives the physical longword address onto
VDAL29:02. BM3:0 L and CS2:0 are asserted as required, WR L is asserted.
The chip asserts AS L, indicating that the physical address is valid. The chip
then drives the output data onto VDAL31:00 and asserts DS L, indicating
the data bus contains valid data. If no error occurs, external logic responds
by reading the required data from the VDAL bus and asserting RDY L. If
an error occurs, external logic responds by asserting ERR L, and the chip
initiates a machine check. Finally, the chip deasserts AS L and DS L to end
the CPU write bus cycle.

3.2.1.1.4 Interrupt Acknowledge Cycle

In an interrupt acknowledge cycle, the chip inputs a vector from an inter-
rupting device. An interrupt acknowledge cycle requires a minimum of
eight clock phases (nominally 400 ns) and may last longer, in increments of
four clock phases (200 ns). The chip drives out the IPL of the interrupt be-
ing acknowledged on VDAL04:00 (IRQO L is IPL 14). VDAL29:05 are zero,
VDAL31:30 are 10. BM3:0 L are all asserted, CS2:0 indicate an interrupt
acknowledge cycle, and WR L is unasserted. The chip asserts AS L, incfi-
cating that the IPL level is valid. The chip then asserts DS L, indicating that
the VDAL bus is free to receive the incoming vector. If no error occurs,
external logic responds by placing the interrupt vector on VDAL(09:02 and
the normal processing flag on VDALOO and asserting RDY L. The chip reads
the vector from the VDAL bus. If an error occurs, external logic responds
by asserting ERROR L. The chip ignores the data on the VDAL in this case
and cancels the interrupt transaction. The chip deasserts AS L and DS L to
end the interrupt acknowledge cycle.

The detailed timing of an interrupt acknowledge cycle is identical to a CPU
read cycle.

3.2.1.1.5 External Processor Read Cycle

In an external processor read cycle, the chip inputs information (either status
or data) from an external processor. An external processor read cycle lasts
four clock phases (nominally 200 ns). The chip drives the cycle status onto
CS1:0, precharges and sustains CS2 high, and asserts EPS L. The external
processor responds by placing the required information onto the VDAL bus.
The chip reads the information off the VDAL bus and deasserts EPS L and
the external processor then removes its information from the VDAL to end
the external processor read cycle.
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3.2.1.1.6 External Processor Write Cycle

In an external processor write cycle, the chip outputs information (either
command or data) to an external processor. An external processor write
cycle lasts four clock phases (nominally 200 ns). The chip drives the cycle
status onto CS1:0, precharges and sustains CS2 high, and asserts EPS L. The
chip then places the outgoing information onto the VDAL bus and deasserts
EPS L. The external processor responds to the deassertion of EPS L by
reading the information off the VDAL bus to end the external processor
write cycle,

3.2.1.1.7 External Processor Response Cycle

In an external processor response cycle, the chip inputs information (either
status or data), and a completion or confirmation signal from an external
processor. An external processor response cycle lasts four clock phases
(nominally 200 ns). The chip drives the cycle status onto CS1:0, precharges
and sustains CS2 high, and asserts EPS L. The external processor responds
to the assertion of EPS L by placing the required information on the VDAL
bus and, optionally, by driving CS2 low with an open drain driver. In any
case, the chip deasserts EPS L. The external processor then removes its
data from the VDAL, and stops driving CS2, if driven to end the external
processor response cycle.

3.2.1.1.8 DMA Cycle

The chip can relinquish its control of the VDAL bus and related control
signals upon request from the lance chip on the network interconnect option
module for a DMA cycle. The lance chip requests control of the bus by
asserting DMR L. At the conclusion of the current bus cycle, the CPU chip
responds by floating (three-stating) VDAL31:00, ASL, DSL, WR L, and DBE
L by driving BM3:0 L and CS2:0 high and by asserting DMG L (BM3:0 and
CS2:0 are then floated also). The lance chip may now use the VDAL bus to
transfer data. To return control of the VDAL bus to the CPU, the lance chip
stops driving AS L, DBE L, and DS L, if driven, and deasserts DMR L. The
chip responds by deasserting DMG L and starting the next bus cycle.
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3.2.1.2 General Registers
There are sixteen general registers in the CPU chip. These registers contain
32 bits.

* Twelve general purpose registers (R0 - R11)

* One argument pointer register (R12,AP)

* One frame pointer (R13,FP)

* One stack pointer (R14,SP)

* One program counter (R15,PC)

3.2.1.3 Processor Status Longword (PSL) Register

The PSL determines the execution state of the processor at any time. Fig-
ure 3-4 shows the format of the processor status longword.

3.2.1.4 Internal Processor Registers (IPR)

The internal processor registers are explicitly accessible only by the move
to processor register (MTPR) and move from processor register (MFPR) in-
structions. Internal processor register space provides access to many types
of CPU control and status registers such as the memory management base
registers, parts of the process status longword, and the multiple stack point-
ers.

Table 3-2 enumerates the available processor registers and indicates how
they are implemented in the V5410 system module. Registers that are not
listed are reserved. Attempts to access a reserved register results in a re-
served operand fault.
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Figure 3-4: Processor Status Longword Register

332222222222 11
109876543210 65 876543210
CIT F|I DIFIT|TIN|Z|V|C
M{P| O [P|S|CUR|PRV|O IPL 0 ViUV
D

Data Bit Definition

31 CM—Compatibility mode

30 TP—Trace pending

29:28 0—Must be zero (0)

27 FPD—First part done

26 IS—Interrupt stack

25:24 CUR—Current mode

23:22 PRV —Previous mode

21 0—Must be zero (0)

20:16 IPL—Interrupt priority level

15:08 0—Must be zero (0)

07 DV-—Decimal overflow trap enable

06 FU—Floating underflow fault enable

05 IV—Integer overflow trap enable

04 T—Trace enable

03 N—Negative condition code

02 Z—Zero condition code

01 V—Qverflow condition code

00 C—Carry condition code
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Table 3-2: Internal Processor Registers

Number Name Description Type Note
0 KSP Kernel stack pointer RIW 1
1 ESP Executive stack pointer R/W 1
2 sspP Supervisor stack pointer RIW 1
3 usp User stack pointer RIW 1
4 ISP Interrupt stack pointer RIW 1
8 POBR PO base register RIW 1
9 POLR PO length register R/W 1

10 P1BR P’1 base register R/W 1
11 PILR P1 length register R/W 1
12 SBR System base register RIW 1
13 SLR System length register RIW 1
16 PCBB Process control block base R/W 1
17 SCBB System control block base RIW 1
18 IPL Interrupt priority level RIW 1R?
19 ASTLVL AST level RIW 1R
20 SIRR Software interrupt request W 1
21 SISR Software interrupt summary RIW 1R
24 ICCS Interval clock control RIW 2R’
41 SAVISP Console saved interrupt stack pointer R/W 2
42 SAVPC Console saved PC RIW 2
43 SAVPSL Console saved PSL RIW 2
56 MAPEN Memory management enable R/IwW 1R
57 TBIA Translation buffer invalidate all W 1
58 TBIS Translation buffer invalidate single W 1
62 SID System identification R 1
63 TBCHK Translation buffer check w 1

'A 1is Implemented as specified in the VAX Architecture Reference Manual (DEC STD 032).
ZAn R following the note number indicates that the register is cleared during power-up.
A 2 is Implemented as specified in the MicroVAX CPU Chip Specification (A-PS-2120887-0-0).
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3.2.1.4.1 Interval Clock Control and Status Register (ICCS)

The ICCS register controls the interval timer (INTTIM L) interrupt. The
ICCS register is implemented as specified in the VAX architecture reference
manual but it only contains a single bit to enable or disable the interval timer
interrupt. Figure 3-5 shows the format of the ICCS register.

Figure 3-5: Interval Clock Control and Status Register (ICCS)

3
1 7 6 5 0
..0.. IEN] ..0..

Data Bit Definition

31:7 Not used. Read as zero (0). Ignored on writes.

IEN Interrupt enable (bit 6). When this read/write bit is set,
interval timer interrupts are disabled. At power-on, IEN
is cleared.

5:0 Not used. Read as zero (0). Ignored on writes.

3.2.1.4.2 System ldentification Register (SID)

The SID register (internal processor register 62, read-only) has the format
shown in Figure 3-6. The TYPE field has the value 08h which identifies
the processor as a DC333 MicroVAX CPU chip. The contents of the type
dependent field are unpredictable.

Figure 3-6: System ldentification Register (SID)

w N

TYPE TYPE DEPENDENT

3.2.1.4.3 Console Saved Registers
The console saved registers (SAVISP, SAVPC, SAVPSL) record the value of
the interrupt stack pointer, program counter (PC), and program status long-
word (PSL), respectively, at the time a chip restart occurs. See Section 3.2.6
for more information on the restart process.
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3.2.1.5 Interrupts and Exceptions

Both interrupts and exceptions divert program execution from its normal
flow by pushing the processor status and program counter onto the stack and
then beginning execution at the address found in one of the interrupt vectors
in the system control block (SCB). An exception is typically handled by the
current process (for example, an arithmetic overflow), while an interrupt
typically transfers control outside the process (for example, an interrupt
from an external hardware device).

3.2.1.5.1 Interrupts

The interrupt system is controller by the interrupt priority level register (IPL,
internal processor register 18), the software interrupt request register (SIRR,
internal process register 20), and the software interrupt summary register
(SISR, internal process register 21). Figure 3-7 shows the format for all
three of these registers.

Figure 3-7: Interrupt Control Registers (IPL, IRR, SISR)

3
1 54 0
IGNORED, RETURNS ZERO (0) PSL 20:16 :IPL

3

1 4 3 0

IGNORED REQUEST :SIRR

3 11

1 65 10

PENDING SOFTWARE INTERRUPTS
0] :SISR
FEDCBAS9876654321
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3.2.1.5.1.1 Interval Timer Interrupts

An interval timer interrupt request is generated every 10 milliseconds by a
signal on the INTTIM pin which is derived from the processor clock crystal.
This interrupt is at IPL16h and uses interrupt vector 0COh.

The interval clock control and status (ICCS) register (internal processor reg-
ister 24, read/write) controls interval timer interrupts. Figure 3-5 shows the
format of this register.

3.2.1.5.1.2 Device Interrupts

All interrupt requests from the system’s I/O controllers are sent to the in-
terrupt controller which ranks their priority and sends a single interrupt
request to the CPU. The number of the interrupt is determined by the in-
terrupt controller according to the identity of the requesting I/O controller.
See Section 3.5.9.5 for a listing of the I/O controllers. Table 3-3 lists the
external interrupts that are signalled to the CPU via one of three CPU chip
pins.

Table 3-3: External Interrupts

CPU Pin Interrupt

ERR Machine check (bus error)
INTTIM Interval timer interrupt; level 16h
IRQO Device interrupt; level 14h

The PWRFL, IRQ3, IRQ2, and IRQ1 interrupt pins on the CPU chip are not
used and are held in the inactive state so the processor can never generate
an interrupt on these lines.
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3.2.1.5.2 Exceptions
The CPU chip recognizes six classes of exceptions, as follows.

Exception Class Instances

Arithmetic trap/fault Integer overflow trap
Integer divide by zero trap
Subscript range trap
Floating overflow fault
Floating divide by zero fault
Floating underflow fault

Memory management Access control violation fault
Translation not valid fault

Operand reference Reserved addressing mode fault
Reserved operand fault or abort

Instruction execution Reserved privileged instruction fault
Emulated instruction fault
Extended function fault
Breakpoint fault

Tracing Trace trap

System failure Memory read error abort
Memory write error abort
Kernal stack not valid abort
Interrupt stack not valid abort
Machine check abort

3.2.1.5.3 Machine Check Exceptions

A machine check exception results from either an internal CPU or FPU
chip error or from the assertion of the ERR signal by external logic. The
ERR signal is asserted when a RAM storage parity error is detected during
a memory read cycle, which results in a machine check exception with a
machine check code of either 80h or 81h. (Section 3.3.1.4 describes RAM
storage parity checking.)

Figure 3-8 shows the parameters that are pushed onto the stack when a
machine check exception occurs.
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Figure 3-8: Machine Check Exception Parameters

BYTE COUNT (0000.000Ch)

MACHINE CHECK CODE

VAP — MOST RECENT ADDRESS

INTERNAL STATE DATA

PC

PSL

Byte count—The byte count is 0000.000Ch.

Machine check code (in HEX)—The machine check code is listed below.
VAP—Most recent virtual address. Not valid for machine check code
81h.

PC—Program Counter at the start of the current instruction.
PSL—Current contents of program status longword.

Code Definition

Impossible microcode state (FSD)

Impossible microcode state (SSD)

Undefined FPU error code 0

Undefined FPU error code 7

Undefined memory management status TB miss
Undefined memory management status (M = 0)
Process PTE address in PO space

Process PTE address in P1 space

ol SIS - U ) B S O A

Undefined interrupt ID code

o
<

Read bus error, VAP is virtual address

[0 -]
—

Read bus error, VAP is physical address
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3.2.1.5.4 System Control Block

The system control block (SCB) is two physically-contiguous pages (1024
bytes) containing the vectors for servicing interrupts and exceptions. The
first of its pages is pointed to by the system control block base register
(SCBB, internal processor register 17). Figure 3-9 shows the format of the
SCBB register. Table 3-4 lists the SCB format of the vectors used by this
system.

Figure 3-9: System Control Biock Base Register (SCBB)

332
109 9 8 0
0|0| PHYSICAL LONGWORD ADDRESS OF SCB 0
Data Bit Definition
31 Must be zero.
30 Must be zero.
29:9 Contains the physical longword address of the first
page of the system control block.
8:0 Must be zero.
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Table 3-4: System Control Block Format

Vectors Vector Names Vector Types
000 Unused

004 Machine check' Abort

008 Kernel stack invalid Abort
00C Power fail’ Interrupt
010 Resv/Priv. instruction Fault

014 Customer resv. instr Fault

018 Reserved operand Fault/Abort
01C Reserved addressing mode Fault

020 Access control violation Fault

024 Translation not valid Fault

028 Trace pending Fault

02C Breakpoint instruction Fault

030 Unused

034 Arithmetic Trap/Fault
038:03C Unused

040 CHMK Trap

044 CHME Trap

048 CHMS Trap

04C CHMU Trap
050:080 Unused

084:0BC Software levels 1-15 Interrupt
0C0 Interval timer ° Interrupt

TRefer to Section 3.2.1.5.3.
IRefer to Section 3.2.1.5.
3Refer to Section 3.2.1.5.1.1.
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Table 3-4 (Cont.): System Control Block Format

Vectors Vector Names Vector Types
0C4 Unused

0C8 Emulation start Fault

0ccC Emulation continue Fault
0DO0:0FC Unused

100:1FC Adapter vectors Interrupt
200:3FC Device vectors Interrupt

4Refer to Section 3.5.9.
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3.2.2 DC337 FPU Chip Specifics

Figure 3-10 shows the pinout for the FPU chip. Table 3-5 lists the FPU pins
and explains their function.

Figure 3-10: DC337 FPU Chip Pinout

DC337

VDAL

VDAL30
VDAL29
VDAL28
VDAL27
VDAL26
VDALZS
VDALZ4
VDAL2Z3
VDAL22
VDAL21

VDAL2C
VDAL1G
VDAL18
VDAL17
VDAL16
VDAL1S
VDALT4
VDALTS
VDAL12
VDALY

VDAL10
VDALOS
VDALOB
VDALO7
VDALOE
VDALOS
VDALO4
VDALOS
VDALO2
VDALO!

VDALOO

R

DAL

0’0008000"NNNNNUUUUUUUg&A&
NOOOUMO DO O SN NmO

D000 00000 0000 6006 000060 508680

80

EPS —( 54
VWRITE —( 55
VCST — 57
VCSC 58

58 <Dr-vCs2

CPRESET —( 16 59 O~TEST —1
VCLK40 —{ 14 15 —cCLKo
VBB =1 45

MA-X0671~87
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Table 3-5: DC337 FPU Chip Pin Functions

Pin  Signal

Description

FPU Data and Address Bus

67:60 VDALO7:00
VDAL31:24
43:36 VDAL23:16
VDAL15:08
32:25

10:3
FPU Control

The data and address bus (VDAL31:00) is a bidirectional
bus. It is used to exchange data between the CPU chip
and the FPU chip. The CPU chip is always bus master.

58:56 VCS2:0
55 VWRITE
54 EPS

The control status lines provide status about the current
bus cycle. VCS1:0 are valid when EPS L is asserted.
VCS1:0 are inputs which indicate the type of informa-
tion being transferred. VCS2 is an open drain output
which is active L when the current bus cycle is an exter-
nal processor response enable and the FPU has completed
the current commanded operation.

EPS CS1:0 WR  Bus Cycle Type

L LL L Write external processor command
L LH H Read external processor data

L LH L Write external processor data

L HL L Command to external processors
L HH H External processor response enable

The write signal is used by the CPU chip to indicate the
direction of flow of data at the CPU. For the FPU, the
write signal indicates that data is being transferred from
the CPU.

The external processor strobe (EPSL) is used by the CPU

chip to qualify all communication between the CPU chip
and the FPU chip.
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Table 3-5 (Cont.): DC337 FPU Chip Pin Functions

Pin  Signal Description

Miscellaneous

59 Test This signal is not used and is connected to ground.

45 VBB This pin is connected to the back bias generator. It can be

used to test the function of the back bias generator or to
supply back biasing during a diagnostic debug procedure.

16 CPRESET The DC524 standard cell asserts the reset signal (CPRE-
SET L) to force the chip to a known, initial state.

15 CLKO This pin is not used.

14 CLKI This input supplies a 40 MHz square wave clock timing

to the FPU chip from an oscilator. This is the same clock
that is sent to the CPU chip. Jumper W4 can be removed
to disconnect the oscilator from the FPU chip for diag-
nostic purposes.

3.2.2.1 FPU Bus Cycle Descriptions
The FPU chip recognizes five types of bus cycles.

¢ FPU external processor command write
®  Other external processor command write
¢ External processor read

¢ External processor write

¢ External processor response enable

3.2.2.1.1 FPU External Processor Command Write Cycle

In an FPU external processor command write cycle, the CPU chip outputs
the instruction opcode to be read and executed by the FPU chip. An FPU
external processor command cycle lasts eight FPU clock phases (nominally
200 ns). The CPU chip drives the cycle status onto CS1:0 and WRITE L.
The CPU then loads the command onto the VDAL bus, and asserts EPS L.
The FPU chip reads the data on the VDAL bus. The CPU chip deasserts
EPS L and WRITE L to end the external processor command cycle.
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3.2.2.1.2 Other External Processor Command Write

In an ‘other’ external processor command write cycle, the CPU chip outputs
the instruction to be read and then executed by an external processor other
than the FPU. If this is encountered, the FPU suspends operation of any
instruction in progress and disables the output from responding to the CP'U
read cycle or response enable cycle until another FPU command is received.

3.2.2.1.3 External Processor Read Cycle

In an external processor read cycle, the CPU chip inputs information from
the FPU chip. An external processor read cycle lasts eight FPU clock phases
(nominally 200 ns). The CPU chip drives the cycle status onto CS1:0 and
WRITE L, then asserts EPS L. The FPU chip responds by placing the required
data onto the VDAL bus. The CPU chip reads the data off the VDAL bus
and deasserts EPS L to end the external processor read cycle.

3.2.2.1.4 External Processor Write Cycle

In an external processor write cycle, the CPU chip outputs information to
the FPU chip. An external processor write cycle lasts eight FPU clock phases
(nominally 200 ns). The CPU chip drives the cycle status onto CS1:0 and
asserts EPS L and WRITE L. The CPU chip then places the outgoing data on
the VDAL bus and deasserts EPS L and WRITE L. The FPU chip responds
to the deassertion of EPS L by reading the data off the VDAL bus.

3.2.2.1,5 External Processor Response Enable Cycle

In an external processor response enable cycle, the CPU tells the external
processor that it is ready to accept a completion signal and that it controls
the bus. The CPU drives the cycle status onto CS1:0 and WRITE L, then
precharges and tristates the CS2 line. The FPU, when it has completed the
current instruction, puts the status on the VDAL bus and pulls CS2 low with
an open drain output device during the time the CPU asserts EPS L.

3.2.2.2 FPU/CPU Communications Protocol

The FPU/CPU communications protocol permits the CPU chip to commu-
nicate efficiently with the FPU chip. The general protocol for external pro-
cessor communication follows these steps:

1. The CPU chip initiates the interaction by placing an FPU command
on VDAL31:00, the FPU external processor command status code
on CS1:0, and asserting WRITE L and pulsing EPS L. The FPU rec-
ognizes this as a command write cycle. Any instruction in-progress
within the FPU is immediately aborted. The FPU decomposes the
command to determine the operation to be performed and the num-
ber and size of the operands required.
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2. The CPU chip next fetches the required operands and executes one
or more external processor write cycles to transfer them to the FPU.

3. After the CPU chip has transferred the last operand, it asserts an
external processor response enable code on the CS1:0 lines and
pulses EPS L each microcycle that the CPU has control of the bus.

4. To signal non-completion of operations, the FPU does not affect
CS2 when the external processor response enable code is on CS1:0
and EPS is low.

5. To signal completion of operations, the FPU asserts CS2 L when the
external processor response enable code is on C51:0 and EPS is low.
At this same time, the FPU asserts the status of the just completed
operation.

6. The CPU chip recognizes the CS2 L and reads the status information
on the VDAL31:00 bus.

7. The CPU chip requests the status information again and is sent the
status of the completed operation again.

8. The CPU chip next executes zero or more external processor read
cycles to read the results of the computation, if any.

3.2.3 40 MHz CPU/FPU Clock

The processor clock input frequency is 40.0 MHz. This results in a micro-
cycle time of 200 ns and an 1/O cycle of 400 ns.

3.2.4 DMA Bus Access

The ThinWire Ethernet controller located on the network option module is
the only controller in the system that can request DMA control over the
system bus.
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3.2.5 Memory Management

This section describes the management of the memory addressing space.

3.2.5.1 Virtual Memory Address Space

The CPU provides four gigabytes ( 23%) of virtual memory address space.
This virtual space is divided into two sections, process space and system
space. Process space is further divided into a PO region and a P1 region as
shown in Figure 3-11. Process space (P0) virtual memory is mapped to phys-
ical memory by the PO page table which is defined by the P0 base register
(POBR) and the PO length register (POLR). Process space (P’1) virtual memory
is mapped to physical memory by the Il page table which is defined by the
P1 base register (P1BR) and the P1 length register (P1LR). System space vir-
tual memory is mapped to physical memory by the system page table which
is defined by the system base register (SBR) and the system length register
(SLR). The PO region is accessed when address bits VDAL31:30 are both
0. The P1 region is accessed when address bit VDAL31 is 0 and VDAL30
is a 1. The system space is accessed when address bit VDAL31 is a 1 and
VDAL30 is a 0.

3.2.5.2 Physical Memory Address Space

The CPU provides one gigabyte ( 237) of physical memory address space.
Figure 3-12 shows the physical memory address space.
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Figure 3-11: Virtual Memory Address Space

00000000
PO REGION
3FFFFFFF
40000000
P1 REGION
TFFFFFFF
80000000 SYSTEM
REGION
BFFFFFFF
C0000000 RESERVED
REGION
FFFFFFFF

Figure 3-12: Physical Memory Address Space

00000000
MEMORY
SPACE
1FFFFFFF
20000000
1/0
SPACE
3FFFFFFF
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3.2.5.3 Memory Management Control Registers

Memory management is controlled by three internal processor registers.
These registers are the memory management enable (MAPEN), translation
buffer invalidate single (TBIS), and translation buffer invalidate all (TBIA).
MAPEN contains one bit which enables memory management (MAPENGO)
as shown in Figure 3-13. TBIS controls translation buffer invalidation (Fig-
ure 3-14). Writing a virtual address into TBIS invalidates any entry which
maps that virtual address. TBIA also controls translation buffer invalidation
(Figure 3-15). Writing a zero into TBIA invalidates the entire translation
buffer.

Figure 3-13: Memory Management (Mapping) Enable Register (MAPEN)

31 2 1 0

0 MME

Figure 3-14: Translation Buffer Invalidate Single Register (TBIS)

31 0

VIRTUAL ADDRESS

Figure 3-15: Translation Buffer invalidate All Register (TBIA)

31 0
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3.2.5.4 System Space Address Translation

A virtual address with bits 31:30 = 2 is an address in the system virtual
address space. Refer to Figure 3-16. System virtual address space is
mapped by the system page table (SPT), which is defined by the system
base register (SBR) and the system length register (SLR). The SBR contains
the physical address of the SPT. The SLR contains the size of the SPT
in longwords, that is, the number of page table entries (PTEs). The PTE
addressed by the SBR maps the first page of system virtual address space,
that is, virtual byte address 80000000 (hex).

3.2.5.5 Processor Space Address Translation

A virtual address with bit 31 = 0 is an address in the process virtual address
space. Process space is divided into two equally sized, separately mapped
regions. If virtual address bit 30 = 0, the address is in region 0. If virtual
address bit 30 = 1, the address is in region P1.

3.2.5.5.1 PO Region Address Translation

Refer to Figure 3-17. The P0 region of the address space is mapped by the
PO page table (POPT), which is defined by the PO base register (POBR) and
the PO length register (POLR). The POBR contains the system virtual address
of the POPT. the POLR contains the size of the POPT in longwords, that is,
the number of PTEs. The PTE addressed by the POBR maps the first page
of the PO region of the virtual address space, that is, virtual byte address 0.

3.2.5.5.2 P1 Region Address Translation

Refer to Figure 3-18. The P1 region of the address space is mapped by
the P1 page table (P1PT), which is defined by the P1 base register (P1BR)
and the P1 length register (P1LR). Because P1 space grows toward smaller
addresses, and because a consistent hardware interpretation of the base and
length registers is desirable, P1BR and P1LR describe the portion of P1 space
that is not accessible. Note that PILR contains the number of nonexistent
PTEs. P1BR contains the virtual address of what would be the PTE for the
first part of P1, that is, virtual byte address 40000000 (hex). The address
in P1BR is not necessarily a valid physical address, but all the addresses of
PTEs must be valid physical addresses.
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Figure 3-16: System Space Virtual to Physical Address Translation

L Tt 11§+ 1 1T+ 1 P PTrT 11T T
MB82Z PHYSICAL LONGWORD ADDRESS OF SPT MBZ | :SBR
1l N T O T T S TS N O S S T T T T O O O O 1 i1

22

2 1 0

1 IR
MBZ LENGTH OF SPT IN LONGWORDS SLR

B T N D NN S S N T N U 10 N T S I N T T

—
—
-
-

33 2
10 o 3 8 0
7 IR R TP T T T
2 BYTE
N fremwvirua, bl it Uity
ADDRESS) EXTRACT AND
3 2|2 CHECK LENGTH
) 3)2 210
LR O 0
0 o
RN NN RE NN N N

ADD
R EEEEEE i
SBR PHYSICAL BASE ADDRESS OF SPT 0
S0 S TS O S O TN 0 NN A O TN N A G U U O N T O OO T N S
YIELDS
IR i
PHYSICAL ADDRESS OF PTE o

I 8 N N T T T T TN U O N N T T T S O (SO T O S O O O

-
Ow
oN
(=]

BRI

o

0N 0 S O T O N N O S N A |

CHECK ACCESS THIS ACCESS CHECK
2 IN CURRENT MODE
3 HE 0
- T T Y T 1 T
PHYSICAL ADDRESS L O L L B B B DR AR B B T 17
F DATA
oFD TN T U 0 N T U T U 0 O B OO O 0 A U B O O A A O
[
MADSAEET

3-34 VAXstation 2000 and MicroVAX 2000 Technical Manual



Figure 3-17: PO Virtual to Physical Address Translation
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Figure 3-18: P1 Virtual to Physical Address Translation
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3.2.5.6 Page Table Entry

The format of a valid PTE is shown in Figure 3-19. If bit 31 (the V bit) is
clear, the format of the remaining bits is not examined by the hardware.

Figure 3-19: Page Table Entry (PTE)

33 22222222
10 765643210 (¥
V| PROT [M|OjOWN! O PAGE FRAME NUMBER
Data Bit Definition
\Y% Valid bit (bit 31). This bit must be set,
PROT Protection code (bits 30:27)
M Modify bit (bit 26)
25 Must be zero
OWN Owner bits (bits 24:23)
20:0 Page frame number

3.2.6 Processor Restarts

When the CPU receives a RESET or HALT or detects severe corruption of
its operating environment, it performs a restart process. This restart pro-
cess saves some of the contents of the internal processor registers (SAV-
ISP, SAVPC, and SAVPSL), changes the CPU to unmapped memory mode,
and begins program execution in the system ROM at address 2004.0000.
Bits 14:8 of SAVPSL contain a restart code which indicates the cause of the
restart. The restart codes (in hex) are listed below.
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Restart  Definition

2 HALT asserted (See Section 3.2.6.2 below.)
3 Power on
4 Interrupt stack not valid during exception
5 Machine check during machine check, or kernel stack not valid exception
6 HALT instruction executed in kernel mode
7 SCB vector bits 1:0 = 11
8 SCB vector bits 1:0 = 10
A CHMXx executed while on interrupt stack

10 ACV or TNV during machine check exception

11 ACV or TNV during kernel stack not valid exception

The restart process sets the state of the chip as follows.

Register Contents

SAVISP Saved interrupt stack pointer

SAVPC Saved PC

SAVPSL Saved PSL bits 31:16 and 7:0 in bits 31:16 and 7:0
Saved MAPEN 0 in bit 15
Saved restart code in bits 14:8

SP Stack pointer at time of restart (not the stack pointer specified by bits
26:24 in the PSL)

PSL 041F 0000 (hex)

PC 2004 0000 (hex)

MAPEN 0

SISR 0 (power on only)

ASTLVL 4 (power on only)

ICCS 0 (power on only)

All other registers are undefined.
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3.2.6.1 Power-On Restart

The system performs a gower-or\ restart whenever power is switched on.
The CPU's RESET pin (CPRESET L signal) is held low by the standard cell
during the power-on initialization of the system. The standard cell holds
CPRESET low to ensure that the CPU sees an adequate number of clock
cycles while in the reset state. Once initialization is complete, the standard
cell allows CPRESET to go high. The CPU performs a power-on restart with
a restart code of 3 in bits 14:8 of SAVPSL.

3.2.6.2 HALT Restarts

The system performs a HALT restart when the CPU’s HALT pin (HALT L
signal) goes low. The HALT L signal drops low whenever the operator does
one of the two following things.

1. Pressing the operator’s halt button on the rear of the system box.

2. Pressing the BREAK key on the terminal connected to serial line 3
(printer connector) with a BCCO08 console cable.

Upon receiving the HALT L signal, the CPU enters console mode. The
operator can then examine and alter storage, run diagnostics, or initiate a
system bootstrap. The CPU performs a HALT restart with a restart code of
2 in bits 14:8 SAVPSL.

3.2.6.3 HALT Code Register (HLTCOD)

The halt code register (HLTCOD) is a read/write longword register at physi-
cal address 2008.0000. It is intended for use by the ROM-resident firmware
program which handles a processor restart. This program moves internal
processor register SAVISP to HLTCOD so that the restart code can be ex-
tracted without accessing any of the processor’s general registers or any
RAM locations.

Figure 3-20: Halt Code Register (HLTCOD)

NOTE: There is an interaction between the HLTCOD register and the SCD CNT
register (described in Section 3.9.4.2). The contents of HLTCOD must be 0 whenever
a program attempts to read the contents of SCD CNT; otherwise the value received
may be in error. The contents of HLTCOD do not affect program writes to SCD_
CNT and do not affect actual DMA operation.
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This section describes system memory (Figure 3-21), including the system

3.3 System Memory
RAM, video RAM, and ROM in detail.
memory module in detail.

Figure 3-21:
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3.3.1 RAM Memory

The system supports up to 16 megabytes of RAM memory. The actual
amount of RAM depends upon the option memory module installed. The
data path to RAM memory is 32 bits wide. Data integrity is checked by a
parity bit associated with each byte of memory.

3.3.1.1 System Module RAM

The system module contains 2048 Kbytes of RAM which occupies physical
addresses 0000.0000 through 001F FFFF. The RAM is stored in two banks
of 32 individual 256Kx1 chips which are in a zig-zag in line package (zip
packs). The chips have one data input line and one data output line which
connects to one data bit on the BDAL31:00 bus. When the chips are properly
addressed and selected, a single data bit from the BDAL31:00 bus is written
to or read from the address location on each of the 32 chips. The system
also provides memory refresh to the zip packs. Figure 3-22 shows the block
diagram of two zip packs in bank 0 for RAM bits 31:30.

Figure 3-22: RAM Zip Packs Block Diagram

DRAM DRAM
Mo
D DA—wp30
6 (D) (Q) 2 BDAL30 —1 6 (D) (Q) 2
MAGE — 5 %AB% 5 2!\8
MAQ7 — 13 (A7 13 (A7
MADE — 1 (AB) 1 (A8
MACS —| 14 (AS 14 (A5
MAGE —1 15 (A4 15 (hd
MAC3 ~ 16 (A3 16 (A3
MAOZ — 10 (A2} 10 (AZ
MADT ~— 11 (A1) 11 (AY)
MADD — @ (A0) 8 (A0)
BC E1 - I s—
3 (cas) 3 (cas
- 7 (w) b1 7 (W)
MA-XOB 7887
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There are 262144 storage cells in each zip pack which are arranged in an
array of 256 words (rows) by 1024 bits (columns). Addressing these cells
is done in two steps. The first step selects the row address location and
the second step selects the column address location. During the first step,
an address from the DC524 standard cell is put on the memory address
bus and the RAS control signal is asserted. One of the 256 rows is now
selected. Before the second step is started, the DC524 standard cell floats
the memory address bus to clear the row address. During the second step,
another address from the DC524 standard cell is put on the memory address
bus and the CAS control signal is asserted. The row and column addresses
have now uniquely defined a single storage cell for writing to or reading
from. If the system is writing to RAM (see Figure 3-23), the final step
asserts the WE control signal and puts the data bit onto the CPU data bus
which is then stored in the zip pack chip. If the system is reading from
RAM (see Figure 3-24), the final step outputs the value of the addressed
data bit onto the CPU data bus. This process occurs simultaneously on all
32 zip packs to get the 32-bit wide data bus. There are also four zip packs
(one for each byte) for parity.

Figure 3-23: Data In (Write) Memory Timing Cycle
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Figure 3-24: Data Out (Read) Memory Timing Cycle

Q < DATA OUT P

MAX~087 387

3.3.1.2 Video RAM

The video RAM (VRAM) is a dual port 64kx4 RAM. There are four VRAMs
on the system module. Addressing these VRAMs is done similar to the
DRAMSs so addressing is not covered here. The VRAMs each have four
1024-bit shift registers on their output which contain four rows of video data
that is put onto the video bus (VID15:00). These shift registers are loaded
once every four scan lines at the start of a refresh cycle by raising DT/OE
and asserting VRAS. This allows the current row of video data to drop into
the shift registers. There are two counters inside the standard cell; one is a
refresh counter that keeps track of the row address for the refresh and the
other is for keeping track of where the system is in the VRAM for the correct
dots.

The video bus is then multiplexed down by a johnson style counter to four
lines which go to the standard cell. The standard cell then generates the
proper signals to display the video data, along with the cursor data, onto
the video screen.
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3.3.1.3 Option Module RAM

A memory option module can contain up to 14,336 Kbytes of RAM which
begins at physical address 0020.0000 and continues through contiguous ad-
dresses to the capacity of the module. The presence and size of a memory
option module can be determined by reading the MTYPE bits of the config-
uration and test register (CFGTST) (see Section 3.11.2).

3.3.1.4 Memory Parity Checking

The system generates byte parity when writing to RAM memory and checks
byte parity when reading from RAM memory. Parity checking applies both
to CPU accesses and to DMA accesses generated by the network intercon-
nect option. Only those bytes selected by the processor byte mask are af-
fected and checked. Two I/O registers are associated with the parity system:
the memory system error register (MSER) and the memory error address
register (MEAR).

Parity generation and checking is active only in the physical address range
0000.0000 through O0FF .FFFF. Any read reference within this range to unin-
stalled memory may result in a parity error. References to uninstalled mem-
ory or nonexistent devices, in the physical address range 0100.0000 through
3FFF.FFFF, return unpredictable data upon reading and ignore this data
upon writing. No parity error ever results from references in this range.

3.3.1.5 Memory System Error Register (MSER)

The memory system error register (MSER) is a longword at physical address
2008.0004 that controls the parity generation and checking logic and indi-
cates when a parity error has been detected. Figure 3-25 shows the MSER
register,

Figure 3-25: Memory System Error Register (MSER)
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Data Bit

Definition

31:9
CDO

PER

5:2
WRW

Not used. Read as 0.

Memory Code 0 (bit 8). Read-only. Duplicates the state of the PER
bit (see below).

Not used. read as 0.

Parity Error (bit 6). When parity error detection is enabled (bit PEN
of this register is set), PER is set at the end of any CPU or DMA read
access to any byte in RAM memory which contains incorrect parity.
The first assertion of PER captures the number of the page containing
the incorrect byte in the MEAR register and asserts the ERR signal to
the CPU and to the network controller option module.

Once the PER signal has been set, the next CPU data stream (not in-
struction stream) read bus cycle or DMA read bus cvcle clears
ERR again. If that next bus cycle was issued by the CPU, then a ma-
chine check exception occurs, regardless of whether the parity er-
ror was detected during a CPU or DMA bus cycle.

If, however, the next bus read cycle following the detection of
a parity error is a DMA read bus cycle (that is, two consec-
utive DMA read cycles without releasing the bus to the CPU),
the ERR signal is cleared and the CPU does not see or gen-
erate a machine check (even though PER is still set). In or-
der that such a parity error not pass undetected, the network con-
troller option must monitor the ERR signal during DMA trans-
fers and must inform its driver software when it detects a par-
ity error.

In summary, when a parity error is detected and PER is not al-
ready set, then it is detected by either the CPU or the net-
work option controller, but not both. Further, the CPU may
see parity errors which occurred during either CPU or DMA cy-
cles, but the network controller sees only parity errors which oc-
curred during DMA cycles.

PER is cleared by writing to the MSER register with a 1 in the PER bit posi-
tion, writing a zero does not affect PER. PER is also cleared upon power-
on. Software which finds PER set must take appropriate ac-
tion (possibly using the contents of MEAR), and then clear PER. Un-
til PER is cleared again, no additional parity errors will be de-
tected.

Not used. Read as 0.

Write Wrong Parity (bit 1).  This read/write bit, when set, causes
incorrect parity to be written by write accesses to RAM mem-
ory (i.e. a parity value which when read will signal a par-

ity error). This bit is cleared during power-up and must be clear for nor-
mal operation.
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Data Bit

Definition

PEN

Parity Enable (bit 0). This read/write bit must be set to enable the
detection of incorrect parity to set the PER bit. When PEN is clear,
parity errors are not recorded and have no effect on system operation.
This bit is cleared during power-up.

3.3.1.6 Memory Error Address Register (MEAR)

The memory error address register (MEAR) is a longword at physical address
2008.0008 which captures part of the address of a byte that has incorrect
parity. Figure 3-26 shows the MEAR register.

Figure 3-26: Memory Error Address Register (MEAR)

3 11
1 5 4 0
FAILING ADDRESS
BITS 23:08
Data Bit Definition
31:15 Not used. Read as 0.
14:0 Failing address. These read-only bits record bits 23:09 (the page num-

ber) of the physical address of the failing byte when a parity error
is detected. They are latched at the same time that bit PER of the
MSER register is set and they are valid only when PER is set. In the
event that multiple parity errors occur before PER is cleared, MEAR
contains the address associated with the first error (that is, the error
which changed PER from 0 to 1).

If the MEAR register is read while PER is clear, bits 23:09 of the MEAR
register's own address are returned, that is, a value of 0000.0400.
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3.3.2 ROM Memory

The system module ROM contains processor restart, diagnostic and console
code, and 1/O device drivers. There is also a separate ROM located on the
system module that contains the ThinWire Ethernet hardware address. All
option modules contain their own separate ROM memory as well.

3.3.2.1 System Moduie ROM

The system module contains four 28-pin ROM sockets which can hold 128K
bytes or 256K bytes of data depending upon the type of ROM chips used.
Jumper W3 on the system module adjusts the sockets for 27256 or 27512 (or
equivalent) ROM chips. When 27256 chips are used, W3 must be on pins 2
and 3. When 27512 chips are used, W3 must be on pins 1 and 2 as shown
in Figure 3-27. ROM data appears at physical address 2004.0000 through
2007 FFFF (256 Kbytes). If 27256 chips are used, their image appears twice
in this address space. The data path to the system module ROM is 32 bits
wide.

Figure 3-27: System Module ROM Circuit Diagram (High Byte)
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When the address comes out of the CPU, part of the address VDAL09:02
is latched in the 74F373 8-bit latch and the entire address is latched inside
the DC524 standard cell. The standard cell decodes the ROM chip select
line and puts out a partial ROM address on the MEMAD lines. This partial
address combines with the latched high order address from the 74F373 at the
ROM latch to form the whole ROM address. The ROM instruction is then
put out onto the MD31:00 bus which is then buffered onto the BDAL bus and
on into the CPU chip over the VDAL bus. The ROM is also selected during
the interrupt cycle when the standard cell puts out the interrupt address lines
onto the high order address lines and a partial address on the MEMAD lines
to from the whole address. The interrupt vector is then put out on the MD
bus for the CPU to read.

The system ROMs are word addressed (16 bits) by the CPU for the low byte
address and by the DC524 standard cell for the high address byte (excluding
A15). Address bit A15 is controlled by jumper W3 which allows the VDAL17
bit from the CPU to address it when 64K x 8 ROMs are used or address bit
is pulled high by +5Vdc when 32K x 8 ROMs are used. During an interrupt
cycle, the standard cell takes control of address lines A14:A to send the
interrupt vector address to the ROM. The ROM then outputs the starting
address location of the interrupt service routine for the interrupting device.
The ROMs chip select and output enable control signals are controlled by
the standard cell. Refer to Section 3.5.2 for information on memory timing
cycles.

There are two types of information required in the system ROMs. One type
is a per part, or per chip, information which contains general information
about each chip such as the ROM index number and the checksum for each
chip. The second type of information is from the set, or collective ROM
storage, of all four chips. The main portion of the ROM which holds the
software and tables is contained in the set of the ROMs. Figure 3-28 shows
the format and starting addresses of the sections within the system ROM
and also whether the section is used on a per part or as a set basis. Table 3-6
lists physical addresses in the ROM that have fixed uses.
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Figure 3-28: System ROM Contents Layout

31 .. 2423 ..16 16 .. 87 .. 0

PROCESSOR RESTART ADDRESS 2004.0000 (SET)

SYS_TYPE 2004.0004 (SET)

VERS VERS VERS VERS 2004.0008 (PART)
03h 0Zh Oih 00h 2004.000C (PART)
55h 55h 55h 56h 2004.0010 (PART)
AAh AAh AAn 4Ah 2004.0014 (PART)
33h 33h 33h 33h 2004.0018 (PART)
LENGTH | LENGTH | LENGTH | LENGTH | 2004.001C (PART)

INTERRUPT VECTOR NUMBERS 2004.0020 (SET)
CONSOLE I/0 ENTRY POINTS 2004 .0040 (SET)
FONT DESCRIPTOR 2004.0070 (SET)

DIAG REV CONSOLE REV 2004.0078 (SET)
DIAGNOSTIC DESCRIPTOR 2004.007C (SET)
POINTERS TO KEYBOARD MAP 2004 .0080 (SET)
REST OF ROM SET DATA AND CODE 2004.0088 (SET)

CHKSUM | CHKSUM | CHKSUM | CHKSUM | LAST LONGWORD (PART)
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Table 3-6:

Fixed ROM Address Allocations

Address

Description of Firmware

2004.0000

2004.0004

2004.0008

2004.000C

2004.0010
through
2004.0018

2004.001C

2004.0020

Processor restart address. The hardware begins execution at this ad-
dress at power-up, at execution of a kernel mode halt instruc-
tion, when a break signal is received from the diagnostic con-
sole device, when the halt button is pressed, or when the CPU de-
tects a severe corruption of its operating environment.

SYS_TYPE. This longword is the system type register.  The value
for the VAXstation 2000 and MicroVAX 2000 is 0400.0000 as de-
scribed in Section 3.3.2.1.1 below

Version. This field contains the low eight bits of the version num-
ber of the console code for the system firmware. The same value ap-
pears in each of the four ROM parts so that a set of chips may be ver-
ified to be compatible.

ROM index number. This value indicates the position of the ROM
part among the set of ROMs used to implement the firmware.
This value ranges from zero for the low byte through three for the high byte.

Manufacturing check data. These three bytes are used for a quick verifica-
tion check of the ROM. The data are 55 h, AA h, and 33 h re-
spectively.

ROM part length. This field indicates the length of the ROM part.
It is the number of bytes in the ROM in Kbytes, for exam-
ple, a 64K byte ROM has the value 64, Note that the num-
ber of bytes in the ROM set is four times this value, since
there are four ROM parts in the system firmware ROM set.

Interrupt vector numbers. These eight longwords are used by the hard-
ware as part of its interrupt processing. When a device gener-
ates an interrupt, the interrupt controller in the DC524 stan-
dard cell sends an interrupt vector to the system ROM so the
ROM can then send the CPU the starting address of the in-
terrupt software routines to service the device. The following list in-
dicates the wvector generated by the standard cell and the de-
vice needing servicing.
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Table 3-6 (Cont.): Fixed ROM Address Allocations

Address Description of Firmware
Vector Interrupt source
0000.03FC  Disk controller
0000.03F8  Tape controller
0000.0248  Video controller secondary
0000.0244  Video controller end of frame
0000.0254  Network controller secondary
0000.0250  Network controller primary
0000.02C4  Serial controller transmitter
0000.02C0  Serial controller receiver

2004.0040 Console I/O routines. There are eight I/O routines provided in the
system ROM. Entry points for these routines are located at longword
intervals in this area.

2004.0070 Font descriptor. The system ROM contains an 8x15 character font
for each graphic character in the DEC multinational character set.
This font is used by the system firmware to display characters on
the monochrome bitmapped display. The first longword of this de-
scriptor is the size of the font table in bytes. The second longword
is the physical address of the beginning of the fonts.

2004.0078 System console firmware revision number. This word contains the
system console firmware revision number as an unsigned integer.

2004.007A System diagnostic firmware revision number. This word contains
the system diagnostic firmware revision number as an unsigned in-
teger.

2004.007C Diagnostic descriptor. This longword contains the physical address

of the beginning of the system level diagnostic boot block. A value
of zero indicates that there is no system level diagnostic present in
the system ROM.
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Table 3-6 (Cont.):

Fixed ROM Address Allocations

Address

Description of Firmware

2004.0080

2004.0088

Last Longword

Pointers to keyboard map. These two longwords point to the tables
used in translating LK201 main array keycodes to character codes.
The first longword contains the physical address of the beginning
of the keyboard tables. The second longword contains the physical
address of the beginning of the keyboard mapping tables.

ROM specific data and code.

Checksum. Each ROM part contains a simple eight-bit add and ro-

tate checksum in its last byte.

3.3.2.1.1 System Type Register (SYS TYPE)

The SYS TYPE register is a read-only longword in the system ROM at phys-
ical address 2004.0004. It has the format shown in Figure 3-29. The SYS_
TYPE field has a value of 04h which indicates that this is a VS410 system
module. The revision and type dependent fields must be zero.

Figure 3-29: System Type Register (SYS TYPE)
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3.3.2.2 ThinWire Ethernet Address ROM

A 32-byte ROM on the system module contains a unique ThinWire Ethernet
network address for the system. Data from this ROM is read in the low-
order bytes of 32 consecutive longwords at physical addresses 2009.0000
through 2009.007C. The network address occupies the first six bytes (ad-
dresses 2009.0000 through 2009.0014). The byte at 2009.0000 is the first
byte to be transmitted or received in an address field of an Ethernet packet.
Its low-order bit (bit 0) is transmitted or received first in the serial bit stream.
This ROM is installed in a socket so it can be removed from a failing system
module and reinstalled on the new system module. Figure 3-30 shows the
circuit diagram of the Ethernet address ROM.

Figure 3-30: ThinWire Ethernet Address ROM diagram
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ELAD4 —— 12 (A2)
ELAD3 —1 11 (A1)
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EDENA O 15

MA~XOE6BO—-87
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3.3.2.3 Option Module ROM

Each option module is required to have ROM memory that contains a stan-
dard signature to identify the option, as well as firmware initialization and
diagnostic code. Four standard address ranges are defined for these ROM
memories, each spanning 256K bytes. The system firmware and any operat-
ing system software that searches to determine what options are installed in
a particular system should examine the signature area of each of these four
ROM address ranges to see whether a valid option ROM is present and, if
so, what type of option. The address ranges allocated in system module
ROM are listed in Table 3-7.

Table 3-7: ROM Address Locations Option Module ROMs

Address Range Definition

2010.0000 to 2013.FFFF Network option

2014.0000 to 2017.FFFF Graphics video or serial line option
2018.0000 to 201B.FFFF Future co-processor

201C.0000 to 201F.FFFF Reserved

Each option module is required to have at least one ROM chip, which must
be connected to the low-order byte (data lines 7:0) of the data bus. The first
byte must contain the starting address of the address range. Its data is read
in the low-order byte of each longword address. If there is only one ROM
on the option module, then bits 31:8 of each longword are unpredictable. If
two chips are used, they should be connected to data lines 15:0 of the data
bus. Bits 31:16 are unpredictable. Four chips allow full use of the data bus
and direct execution of code in the ROMs. Three-chip configurations are
not allowed. If the size of the ROM is less than 256 Kbytes (for instance,
each chip stores less than 64 Kbytes), the ROM image may repeat in the
address range.
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The format of the option ROMs contents, assuming there are four as shown
in Figure 3-31, is setup similar to the system ROMs on the system module.
The exception is the first longword that contains four bytes, each of which
contains the value 04h to indicate the number of ROM chips on the option
module. Another exception is the set contents of the ROM which is also
described in this section.

Figure 3-31: Option ROM Address Allocation

31 .. 2423 ..1615 .. 87 .. 0
04h 04h 04h 04h base+00h (PART)
RESERVED BASE+04h
VERS VERS VERS VERS BASE+08h (PART)
03h 02h 01h 00h BASE+0OCh (PART)
55h 55h 55h 55h BASE+10h (PART)
AAh AAh AAh AAh BASE+14h (PART)
33h 33h 33h 33h BASE+18h (PART)
LENGTH | LENGTH | LENGTH | LENGTH | BASE+1Ch (PART)
ROM SET DATA BASE+20h (SET)
CHKSUM | CHKSUM | CHKSUM | CHKSUM | LAST LONGWORD (PART)
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3.3.2.3.1 Option ROM Set Format

For options that use only one or two ROM chips, the data from these ROM
chips must be moved into RAM. An option with four ROM chips uses the
full 32-bit ROM data path and may not have to be moved. The offset to the
beginning of the data in the collective set depends both on the number of
ROM parts used for the option and whether the header information (ROM
part data, eight bytes per chip) is included. For one chip, the header size
is 08h bytes; for two chips it is 10h bytes; and for four chips it is 20h bytes.
Figure 3-32 shows the set contents within the option ROM.

Figure 3-32: Option ROM Set Contents

31 .. .. 0

RESERVED OPTION REVISION NUMBER

RESERVED FOR EXPANSION (32 BYTES)

DEVICE CONFIGURATION BLOCK (DCB) TEMPLATE
WHICH CONTAINS...

31 .. .. 0

MINOR VERSION | MAJOR VERSION

HARDWARE ID EDIT VERSION

DEVICE NAME (8 BYTES)

POINTER TO DIRECTORIES

RESERVED FOR DEVICE STATUS

POINTER TO EXTENDED STATUS

SIZE OF EXTENDED STATUS

DIRECTORIES
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Each device in the system, including optional hardware, hasc ite own data
structure called a device configuration block (DCB), which is integrated into
the main configuration table (MCT) during power-up initialization. The
DCB contains static and dynamic data, and pointers to code required for
the device. There is a predefined set of routines used for diagnostics and
console device support that must be implemented by each device. Each
option must provide a template DCB for the device supported by the option.
This contains information used by ROM startup code to integrate the device
into the systems diagnostic structure, and information used by the next level
of testing to identify the device and its capabilities.

There are six directory entries required for each option: one each for the
selftest code, system exerciser code, utilities, console support, unjam, and
system exerciser console support. Each directory has the format shown in
Figure 3-33.

Figure 3-33: Option ROM DCB Directory Contents

31 .. .. 0

POINTER TO CODE

LENGTH OF CODE

ENTRY POINT

FLAGS DATA PATH
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3.4 Time-of-Year Clock (TOY)

The time-of-year clock (Figure 3-34) is an MC146818 CMOS watch chip that
keeps the date and time of day, and contains 50 bytes of general purpose
RAM. A 32.768 kHz time base oscillator provides the clock input and a
rechargable nickel-cadmium battery provides power to the chip and oscil-
lator while system power is off. The watch chip uses an L5646 transceiver
to buffer and control the data and addresses to and from the CPU bus.
Data from the watch chip is used to determine the date and time during the
power-up of the system. See Figure 3-35.

Figure 3-34: Time-of-Year Clock
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Figure 3-35: Watch Chip and Transceiver Chip Diagram
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3.4.1 Watch Chip Theory of Operation

The watch chip uses an 8-bit data and address bus for reading and writing to
the 64 eight-bit register storage. The first ten registers contain date and time
information, the next four registers control the operation and give a status of
the chip, and the last fifty registers are general purpose RAM registers used
by the system firmware. This bus is controlled by four discrete signals.
They are the address strobe (AS), data strobe (DS), write (WR), and chip
select (CS) signals. The DC524 standard cell controls the AS, DS, and CS
signals by the CLKAS, CLKDS, and CLKCS signals and the WR signal is
controlled by the CPU chips BWRITEO signal. Figure 3-36 shows the timing
diagrams used to read from and write to the watch chip. The transceiver
chip is used to buffer the CPU data and address bus to and from the watch
chip. It is enabled by the same chip select signal to the watch chip. When
enabled, the direction of data or address flow is determined by the DALDIR
signal from the DC524 standard cell. The first half of a watch chip read or
write cycle latches the address into the watch chip. The DALDIR signal
determines whether or not the second half of the cycle is a read, asserted,
or a write, unasserted, cycle. For a read cycle, the data from the watch chip
is buffered directly onto the CPU bus. For a write cycle, the data from the
CPU bus is buffered directly into the watch chip and stored in the latched
address location.

3-60 VAXstation 2000 and MicroVAX 2000 Technical Manual



LB TER0X -V

SIgwva

BTG

KOO AQL MmOud Ov3d

Siava

Hiava

#I0T AOL OL ALitm

Fidnvs
AQH

A04

SYXI0

SN

SO

L

L

<1

\|/||\

L

I N

128 €1

Sv

N

[4Y

ONINL dIHO H3IABOSNYHL ONY dIHO HOLYM

Bujwy) diyo sea@osues) pue diyd yosiepm :gg-¢ eanbig

VS410 System Module Detailed Description 3-61




The watch chip uses a 32.768 KHz clock crystal as the time base for the time
functions. Once every second, the time registers are put into update mode
and are incremented by one second. The time and date registers must not
be accessed by the program when in update mode. Update mode uses
1948 microseconds to complete the updates. The program must check the
update in progress (UIP) bit in register WAT_CSRA to determine whether
or not the chip is in update mode before attempting to access the time and
date registers. To set the date and time registers the update mode must
be halted by setting the set time (SET) bit in register WAT_CSRB. The SET
bit, when set to 1, allows the program to set the date and time registers
without being interrupted by the update mode cycle. Once the date and
time registers are set, the program must reset the SET bit to 0 to start the
update mode once again.

The clock crystal and the watch chip are protected from a power loss by
a rechargeable nickel-cadmium battery connected to the supply voltage pin
(BT). If the system loses power, or when the system is switched off, the
clock crystal and the watch chip are powered by this battery so they retain
the current time and date and also to retain the contents of the fifty RAM
registers. If the battery voltage drops below the level needed to sustain
the contents of the registers, the valid RAM and time (VRT) bit in register
WAT_CSRC clears to zero to invalidate the contents of the registers. The
program must check this bit during the power-up initialization to determine
the validity of the contents of the watch chip registers. During power-up, the
reset (CLR) signal is held low to allow the system supply voltage to stabilize.
The CLR signal does not affect the clock, date, or RAM contents within the
chip.

3.4.2 Watch Chip Registers

The watch chip contains 64 eight-bit registers. Ten of these contain date and
time data, four are control and status registers, and the remaining 50 provide
general purpose RAM storage for the system firmware. The registers occupy
64 consecutive longwords at address space listed in Table 3-8. Bits 9:2 are
used in each register for data storage. Bits 31:10 and 1.0 are ignored on
writing and undefined on reading.
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Since each register spans two bytes on the CPU bus, only word or longword
access instructions may be used to manipulate these registers. The effects of
using byte access instructions are undefined. Instructions for modifying bits
BBSS, BBSC, BBCC and BBCS must not be used because they generate byte-
access read-modify-write cycles which corrupt the portion of the register that
is not in the byte being accessed.

Table 3-8: Watch Chip Register Addresses

Address Name Definition

200B.0000 WAT SEC Time seconds, 0..59
200B.0004 WAT ALMS Alarm seconds (not used)
200B.0008 WAT MIN Time minutes, 0..59
200B.000C WAT ALMM Alarm minutes (not used)
200B.0010 WAT HOUR Time hours, 0..23
200B.0014 WAT ALMH Alarm hours (not used)
200B.0018 WAT DOW Day of week, 1..7
200B.001C WAT DAY Day of month, 1..31
200B.0020 WAT MON Month of year, 1..12
200B.0024 WAT YEAR Year of century, 0..99
200B.0028 WAT CSRA Time base divisor
200B.002C WAT CSRB Date mode and format
200B.0030 WAT CSRC Interrupt flags (not used)
200B.0034 WAT CSRD Valid RAM and time flag
200B.0038 First byte of RAM data
200B.00FC Last byte of RAM data

VS410 System Module Detailed Description 3-63



3.4.2.1 Control and Status Registers

Figure 3-37 shows the format of the time base divisor (WAT_CSRA) register.
Figure 3-38 shows the format of the date mode and format (WAT_CSRB)
register. Figure 3-39 shows the format of the valid RAM and time (WAT_
CSRD) register.

Figure 3-37: Watch Time Base Divisor (WAT CSRA)

3 1
1 0 9 & 65 21 0
NOT USED UIP DVX | RSX | NOT USED
Data Bit Definition
31:10 Not used. Ignored on writing and undefined on reading.
ulp Update in progress (bit 9). This read-only bit indicates when the date

and time registers are being updated and are hence unstable. It is set
to one 244 microseconds before the beginning of an update cycle and
remains one until the cycle is complete.

DVX Time base divisor (bits 8:6). These read/write bits set the amount
by which the time base oscillator input to the watch chip is divided.
These bits must be set to "010” to accomodate the 32.768 KHz time
base in this system.

RSX Rate select (bits 8:6). These read/write bits select the rate at which
the watch chip generates periodic interrupts. Since this feature is not
used, these bits must be set to zero (0000) to disable it.

1:0 Not used. Ignored on writing and undefined on reading.
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Figure 3-38: Watch Date Mode and Format (WAT CSRB)

3 1
1 0 9 8 7 6 5 4 3 2 1 0

NOT USED |SET |PIE |AIE |UIE [SQWE| DM |24/12|DSE | NOT USED

Data Bit Definition
31:10 Not used. Ignored on writing and undefined on reading.
SET Set time (bit 9). When this read/write bit is zero, the time and date

registers are updated once per second. When this bit is one, any
update cycle in progress is aborted and updates are inhibited so that
a program can set new date and time values.

PIE Periodic interrupt enable (bit 8). Must be set to 0.

AIE Alarm interrupt enable (bit 7). Must be set to 0.

UIE Update interrupt enable (bit 6). Must be set to 0.

SQWE Square-wave enable (bit 5). Must be set to 0.

DM Data mode (bit 4). This read/write bit selects the numeric represen-

tation in the time and date registers. If DM is one, the data format
is binary. If DM is zero, the data format is two 4-bit decimal digits
(BCD).

24/12 Hours format (bit 3). This read/write bit selects the format of the
WAT HOUR and WAT ALMH registers. A value of 1 selects 24-hour
mode. A value of 0 selects 12-hour AM/PM mode. In the latter case,
bit 7 of the hours registers is 0 for AM and 1 for PM.

DSE Dayvlight saving enable (bit 2). This read/write bit is 0 for normal
operation. If set to 1, two special time updates occur: on the last
Sunday in April the time increments from 01:59:59 AM to 03:00:00
AM, and on the last Sunday in October when the time first reaches
01:59:59 AM, it changes to 01:00:00 AM.

1:0 Not used. Ignored on writing and undefined on reading.
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Figure 3-39: Watch Valid RAM and Time Flag

3 1
i 0 9 8 0
NOT USED VRT NOT USED
Data Bit Definition
31:10 Not used. Ignored on writing and undefined on reading.
VRT Valid RAM and time (bit 9). This bit indicates whether the con-

tents of the time and RAM registers may have been corrupted by loss of power.
This bit is set to 0 whenever system power is off and the backup battery volt-
age drops below the value required for the watch chip to func-

tion properly. This bit is set to 1 after any read of this reg-
ister (the register may not be written).

8:2 Not used. Always read as 0's.

1.0 Not used. Ignored on writing and undefined on reading.

3.4.2.2 Date and Time-of-Year Registers

The time of year is kept in six registers. They are WAT_SEC, WAT_
MIN, WAT_HOUR, WAT_DAY, WAT_MON, and WAT_YEAR. A seventh
register, WAT_DOW, indicates the day of the week (days are numbered
from 1 (Sunday) through 7). The contents of each register may either be in
binary form or BCD (two 4-bit decimal digits) as selected by register WAT_
CSRB bit DM.

The time value is incremented once each second. Such an update requires
1948 microseconds, during which time the date and time register contents
are unstable and should not be read by a program. Register WAT_CSRA
bit UIP indicates when an update is in progress. This bit is one from 244
microseconds before the beginning of an update cycle until the cycle is
complete. Therefore a program should read WAT_CSRA until it finds bit
UIP zero, at which time it has at least 244 microseconds to read the date
and time registers. The program should inhibit interrupts while reading the
registers to ensure that an interrupt does not prolong its reading beyond the
244 microsecond window.
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3.4.3 Non-Volatile RAM Storage

The 50 bytes of RAM storage are used by the system firmware. Each byte
actually occupies bit positions 2 through 9 of successive longwords just like
the date, time, and control registers. This section lists the type of data stored
in the NVR by the system firmware. There are utilities to set the boot flags,
boot device, halt action, and keyboard type. These utilities are described
in the VAXstation 2000 and MicroVAX 2000 Maintenance Guide. Table 3-9 lists
the type of data stored in the NVR. All fifty registers are cleared when an

NVR failure is detected during power-up.

Table 3-9: Non-Volatile RAM Contents

Address Name Description

200B.0038 CPMBX Console mailbox (1 byte)

200B.003C CPFLG Console program flags (1 byte)
200B.0040 LK201 ID Keyboard variation (1 byte)
200B.0044 CONSOLE ID Console device type (1 byte)
200B.0048 SCR Scratch RAM physical address (4 bytes)
through

200B.0054

200B.0058 TEMP Used by system firmware (12 bytes)
through

200B.0084

200B.0088 BAT CHK Battery check data (4 bytes)
through

200B.0094

200B.0098 BOOT DEV Default boot device (4 bytes)
through

200B.00A4

200B.00AS8 BOOT FLG Default boot flags (4 bytes)

through

200B.00B4

200B.00B8 SCR LENGTH Number of pages of scratch ram (1 byte)
200B.00BC SCsSI Tape controller port data (1 byte)
200B.00C0 Reserved Reserved (16 bytes)

through

200B.00FC
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3.4.3.1 Console Mailbox Register (CPMBX)
Figure 3-40 shows the console mailbox register.

Figure 3-40: Console Mailbox Register (CPMBX)

3 1
1 09 87 6 b 4 3 21 0
NOT USED | RESERVED | HLT_SWX | RIP | BIP | HLT_ACT | NOT USED

Data Bit Definition

31:10 Not used.

9:8 Reserved for future use.

HLT SWX Halt switch, This is the permanent recovery action the console is
to take when a processor halt occurs (except for externally generated
halts such as the halt button):

0,1 - Restart. If that fails, boot. If boot fails, halt.

2 - Boot, If that fails, halt.

3 - Halt.

HLT SWXis set to 2 (Boot/Halt) when a NVR failure is detected during
power-up. This field is read and written to using the console test 53
command.

RIP Restart in progress. This restart in progress flag is set when the con-
sole attempts a restart. If it was previously set, the attempted restart
is abandoned, an error message is displayed, and a boot is then at-
tempted. This field is cleared during power-up and at entry to the
console program.

BIP Bootstrap in progress. This bootstrap in progress flag is set when the
console attempts a cold restart. If it was previously set, the attempted
bootstrap is abandoned, an error message is displayed, and the console
program is executed. This field is cleared at power-up and at entry to
the console program.

HLT ACT Halt action. This is the temporary recovery action the console takes
when the next processor halt occurs. The action taken is the same as
for the HLT SWX field.

1:0 Not used.
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3.4.3.2 Console Flags Register (CPFLG)
Figure 3-41 shows the contents of the console flags register.

Figure 3-41: Console Flags Register (CPFLG)

8 7 6 5 4 3 2 1 0

N/U [PFILE|LK201|VIDEO|CORRUPT |REENTER| MCS | CRT [GUARD| N/U

Data bit Definition

31:10 Not used.

PFILE Parameter file. This bit, when set, is used by VMB to load a parameter
file along with the operating system when booting over the ThinWire
Ethernet. This field is cleared when an NVR failure is detected during
power-up so that no parameter file is loaded.

LK201 Keyboard type. This bit indicates whether or not the LK201 type key-
board is connected. .

VIDEO Video Flag. This bit, when set, indicates that the console display is
a video display device, rather than a terminal. The particular device
type is encoded in the console type register (CONSOLE ID).

CORRUPT  Corrupted data flag. This bit is used by the console firmware during
initialization.

REENTER Reentry flag. This bit is used by the console firmware during initial-
ization.

MCS Multinational flag. This bit, when set, indicates that the console dis-
play understands the DEC multinational character set.

CRT CRT flag. This bit, when set, indicates that the console display is a
CRT display device.

GUARD Guard bit. This bit is used by the console firmware during initializa-
tion.

1:0 Not used.

VS410 System Module Detailed Description 3-69



3.4.3.3 Keyboard Type Register (LK201 ID)

The contents of this byte is a number encoding the LK201 keyboard variant.
This field is used to select the appropriate data processing keyboard map for
keycode translation. This field is ignored if an attached terminal is being
used as the console device. Table 3-10 lists the values available and the
language that they identify.

Table 3-10: LK201 Language Values for LK201 ID Register
Value (bits 9:2) Model Number  Language

0 LK201-xA American

1 LK201-xB Belgian (Flemish)
2 LK201-xC Canadian (French)
3 LK201-xD Danish

4 LK201-xE British

5 LK201-xF Finnish

6 LK201-xG German

7 LK201-xH Dutch

8 LK201-x1 Italian

9 LK201-xK Swiss (French)
10 LK201-xL Swiss (German)
11 LK201-xM Swedish
12 LK201-xN Norwegian
13 LK201-xP French

14 LK201-xS Spanish

15 LK201-xV Portuguese

This register is set to 0 (American) if an NVR failure is detected during
power-up. The console program asks the operator for the keyboard type
(LK201 ID) if, at entry to the console program, the keyboard type is unknown
or invalid (bit LK201 in register CPFLG is a zero or LK201 ID is out of range).
This field is used only if the console device is built-in.
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3.4.3.4 Console Type Register (CONSOLE ID)

The console type register contains the type of console device as listed in
Table 3-11.

Table 3-11: Console Type Register Contents
Contents Definition of Device

0 Undefined or unknown

1 Special attached terminal on serial port 3

2 Attached terminal on serial port 0

BO VAXstation 2000 base monochrome bitmapped display with keyboard

3.4.3.5 Scratch RAM Address Registers (SCR)

The scratch RAM address registers contain the physical address of the con-
sole program scratchpad area. This address is set during power-up by the
system firmware, and should never be modified.

3.4.3.6 Temporary Storage Registers (TEMPn)

The temporary storage registers holds miscellaneous data that the system
firmware needs to have stored in NVR. This temporary storage consists of
twelve consecutive longwords.

3.4.3.7 Battery Check Data Registers (BAT CHK)

The battery check data Registers are used by the system firmware as an ad-
ditional check on the validity of the contents of NVR. If the battery voltage
drops below the acceptable voltage level, the four battery check data regis-
ters are initialized to 55 h, AA h, 33 h, OF h respectively during power-up
initialization.

3.4.3.8 Boot Device Registers (BOOT DEV)

The boot device registers are used by the console to store the default boot
device. The device name is stored as up to four alphanumeric ASCII char-
acters, padded to the right with Os as necessary. If the battery voltage drops
below the acceptable voltage level, these four boot device registers are ini-
tialized to all Os during power-up initialization. These registers are read and
written to using the console Test 51 command.
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3.4.3.9 Boot Flags Registers (BOOT FLG)

The boot flag registers are used by the console to store the default boot
flags. If the battery voltage drops below the acceptable voltage level, these
four boot flag registers are initialized to all 0s during power-up initialization.
These registers are read and written to using the console Test 52 command.

3.4.3.10 Scratch RAM Length Register (SCR LENGTH)

The scratch RAM length register contains the number of pages of system
scratch RAM. The contents of this register is determined during power-up
initialization.

3.4.3.11 Tape Port information Register (SCSI)
Figure 3-42 shows the contents of the tape port register.

Figure 3-42: Tape Port information Register (SCSI)

3 1
1 s 5 4 21 0
NOT USED RESERVED HOST_ID NOT USED
Data Bit Definition
31:10 Not used.
9:5 Reserved for future use,

HOST ID SCSI bus host ID address. This three bit field contains the ID address
of the host on the SCSI bus. This field must always be 0 to indicate
that the tape controller on the system module is the host of the bus.

1:0 Not used.
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3.4.4 Initialization

When a program finds the VRT bit equal to 0, it must assume that the
contents of all other registers in the watch chip are invalid. To initialize the
chip, a program must do the following four steps.

1. Load register WAT CSRB with bit SET equal to 1 to inhibit time
updates and bits PIE, AIE, UIE and SQWE equal to 0 to disable
unused features. Bits TM, 24/12 and DSE should be set for the
desired date format.

2. Load the seven time registers with the current date and time. The
addresses are listed in Table 3-8.

3. Load register WAT CSRA to set the proper time base divisor. The
DVX bits should be set to “010" and the RSX bits to "0000".

4. Load register WAT CSRB with the same value used in step 1 except
that bit SET should now be 0 to enable normal time updating.

3.4.5 Battery Backup

A nickel-cadmium battery in the system box supplies power to the watch
chip and its time base oscillator while system power is off. When starting
from a fully charged condition, the battery maintains valid time and RAM
data in the watch chip for a minimum of 100 hours. The battery recharges
while system power is on.

As long as the backup battery voltage is sufficient, the contents and opera-
tion of the watch chip are not affected by system power-on and power-off
events.
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3.5 DC524 Standard Cell

This section describes the operation of the DC524 standard cell Figure 3-43.
Figure 3-44 shows the DC524 standard cell pinout and Table 3-12 lists the
pins and their signals and describes the function of each.

Figure 3-43: Standard Cell
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Table 3-12: DC524 Standard Cell Pinout

Pin Signal Description

69:72 BDAL31:00 The data and address bus (BDAL3L:00) is a bidi-

74:82 rectional time-multiplexed bus. It is connected to the CPU

84:92 chip DAL31:00 bus through four 8-bit 74F245 tri-

94:103 state bus transceivers. These transceivers are con-
trolled by the bus direction {DALDIR} and bus dis-
connect {DALDIS) signals from the standard cell.

117:123 MEMADS:2 These signals form the memory address bus. This bus sup-

125,126 MEMAD1:0 plies a partial address to the system ROM, system
RAM, and the video RAM. See Section 3.3.2.1 for a de-
tailed explanation of address flow.

112,113 PBIT03:02 These signals are the parity bit logic lines.  They

115,116 PBIT01:00 read or write parity when memory is read or writ-
ten to. If a parity error occurs, the parity er-
ror signal is asserted.

57 PERROR This signal is the parity error signal. 1t is as-
serted when a parity error is detected.

68 VAS This signal is the address strobe from the CPU chip. It indi-
cates when a valid address is on the BDAL bus,

67 VDS This signal is the data strobe from the CPU chip. It in-
dicates when valid data is on the BDAL bus.

66 VDBE This signal is the data buffer enable signal from
the CPU chip.

54 Cs2 This signal is the control status 2 line from the
CPU  chip. This signal indicates that an inter-
rupt cycle is in progress when this line is asserted.

53 VCs1 This signal is the control status 1 line from the
CPU chip. The combination of this signal and CS2 in-
dicate which cycle the system is in.

55 VDMG This signal is ther DMA grant line from the CPU
chip. It indicates when the Ethernet network con-
troller is in control of the system.  Only the con-
troller in the network option port has the abil-
ity for DMA.

56 WRITE This signal indicates when a write cycle is in progress.

It is asserted any time BWRITE1l is low or RE-
FCYC is low. It is deasserted when both of these sig-
nals are high.
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Table 3-12 (Cont.): DC524 Standard Cell Pinout

Pin Signal Description

135 SCYC/AD2 These signals have two functions. One function is
136 DCYC/IAD1 the cycle speed control function and the other is an
137 STFH/IADO interrupt vector address bit during the interrupt cycle.

The cycle speed control funtion allows the system to
access devices that are not as fast as the CPU chip.
The CPU normally runs at 400 ns unless one of these
lines are asserted. When the SCYC (slow cycle) line
is asserted, the CPU slows down the second half of
the cycle so the whole cycle runs at 600 ns. When the
DCYC (double cycle) line is asserted, the CPU runs the
second half of the cycle twice for a total cycle time of
800 ns. When the STFH (stall on the first half) line
is asserted, the CPU is stalled on the first half of the
cycle until this line is deasserted.

The second function of these signals is utilized dur-
ing an interrupt cycle where IAD2, IAD1, and 1ADO
are controlled by the standard cell and contain the
interrupt vector address of the device requesting the
interrupt. This vector address is sent to the system
ROM where it is decoded into the starting address of
the service routine for the device requesting the inter-

rupt.
60 VBM3 These signals are the byte mask signals from the CPU
61 VBM2 chip. They indicate which portions of the VDAL bus
62 VBM1 are valid. Each byte mask signal validates eight lines
63 VBMO on the VDAL bus. VBM3 validates lines 31:24, VBM2

validates lines 23:16, VBM1 validates lines 15:8, and
VBMO validates lines 7:0. Any combination of these
byte mask signals may used during a cycle to validate
any combination of the four &-line segments of the
VDAL bus.
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Table 3-12 (Cont.): DC524 Standard Cell Pinout
Pin Signal Description

58 READY This signal is used to indicate to the CPU the end of
certain cycles. The standard cell controls READY and
asserts it to indicate a normal termination of the cur-
rent CPU read , CPU write, or interrupt acknowledge
cycles. During a CPU read cycle or interrupt acknowl-
edge cycle, RDY L indicates that the standard cell has
placed the required input data on the DAL bus. Dur-
ing a CPU write cycle, RDY L indicates that the infor-
mation is available on the DAL bus. When the CPU
chip recognizes the assertion of RDY L, it terminates
the current bus cycle and proceeds. The standard cell
then deasserts RDY L,

104 DALDIS This signal controls the tri-state function of the VDAL31:00
to BDAL31:00 bus transceivers. When set high, this
signal disconnects the VDAL bus (which disconnects
the CPU) from the system.

105 DALDIR This signal controls the data flow direction of the
VDAL to BDAL buses. This signal allows data to flow
out from the CPU chip when high and into the CPU

chip when low.
127 CAS3 These signals are the column address strobes for the
128 CAS2 memory devices in the system. The standard cell con-
129 CAS1 trols the memory addresses for all memory devices in
130 CASO the system. Each segment of the system memory is

controlled by one of the CAS lines. The video RAMs
are controlled by CAS1 and CASO lines. All four of
these signals appear at the three option ports for op-
tion module memory control.

145 DZRINT This signal indicates when the serial line controller
is requesting service. This line is asserted when the
serial line receiver or silo is full,

146 DZTINT This signal indicates when the serial line controller
is requesting service. This line is asserted when the
serial line transmitter is done.

147 NIIRQ1 These signals indicate when the network controller is

148 NIIRQ2 requesting service. The NIIRQ1 line is the primary
interrupt line and the NIIRQ2 line is the secondary
interrupt line for the network controller.
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Table 3-12 (Cont.): DC524 Standard Cell Pinout

Pin Signal Description
149 OPTEOF These signals indicate when the option module in
150 OPTIRQ the general purpose option port is requesting ser-

vice. The OPTEOF is the primary interrupt line
and the OPTIRQ line is the secondary interrupt line for
the option module. When a color option mod-
ule is installed, the primary line indicates that a
video end of frame has occurred.

151 SCSIIRQ This signal indicates when the 5380 tape controller is
requesting service.

152 RDXIRQ This signal indicates when the 9224 disk controller is
requesting service.

144 INTREQ This signal is generated by the standard cell whenever

an interrupt request is received from one of the eight
interrupt lines mentioned in this table.

64 INTTIM This signal is generated by the standard cell and is the
interval timer for the CPU chip. This timer provides
a source of interrupts at a 10 millisecond rate.

108 CPRESET This signal is generated by the standard cell to initial-
ize the CPU and the system to a known state. During
power-up, this signal is held low long enough for the
CPU and the rest of the system to initialize, and then
it is held high for normal operation.

65 VCLKO This signal is a clock signal from the CPU chip. It is
half of the VCLKA40 signal.

59 VCLK40 This signal is the 40 MHz clock from a crystal oscilla-
tor.

107 PWRON This signal is the power on line from the power-

up/power-down circuitry. It is asserted high when
valid power is supplied to the system.

106 TEST This signal is the test line. It must be grounded by
jumper W5 for normal operation.

157 SHSILO This signal is used to shift the contents of the serial
line silo following a read from the silo.
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Table 3-12 (Cont.):

DC524 Standard Cell Pinout

Pin Signal Description

2 SELY These signals are generated by the standard cell to con-

3 SELX trol the video multiplexer. These signals are decoded
by the multiplexer to allow four out of sixteen video
lines from the VID15:00 bus onto the VDAT3:0 bus.
The data on the VDAT3:0 bus is input to the standard
cell.

163 SRAMO These signals control the video RAM. The SRAMT line

164 SRAM1 controls the high byte and the SRAMO controls the low
byte from the video RAMs.

162 DT/OE This signal has several functions. It controls the video
RAM chips for either a normal access or a video shift
register update cycle. Also, it is used as a cycle type
select bit for ROM cycles.

161 VDAT3 These signals are the video data bus (VDAT3:0). These

160 VDAT2 four lines are from the four video multiplexers. Each

159 VDAT1 video multiplexer is a four to one multiplexer which

158 VDATO takes four signals from the video RAMs on the VID15:00
bus and outputs it to one of the VDAT lines. This
type of circuit allowed the standard cell to use twelve
pins for purposes other than the VDAT bus, since the
VDAT bus can be multiplexed down to four lines with-
out any timing problems.

12 CURA3 These signals are the cursor plane A bits from the

13 CURA2 DC503 cursor sprite chip.

14 CURA1

15 CURAOQ

16 CURB3 These signals are the cursor plane B bits from the

17 CURB2 DC503 cursor sprite chip.

18 CURB1

19 CURBO

8 VCLK69 This signal is the video clock input. It is from the 69
MHz video timing and refresh oscillator.

4 BLANK This signal is generated by the standard cell and is
used by the cursor chip for blanking timing informa-
tion.

5 HSYNC This signal is generated by the standard cell to syn-

chronize the horizontal output in the cursor chip
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Table 3-12 (Cont.):

DC524 Standard Cell Pinout

Pin Signal Description

6 HSVS This signal is generated by the standard cell and is
used together with the DOTS signal for the video out-
put signal to the monitor.

7 NIBCLK This signal is generated by the standard cell and is
used by the cursor chip for timing.

9 DOTS This signal is generated by the standard cell and is
used together with the HSVS signal for the video out-
put signal to the monitor.

10 CURSEL This signal is generated by the standard cell and is
used by the cursor chip for its data strobe input signal.

20 SCSICS This signal selects the 5380 tape controller. It is the
tape controllers’ chip select.

21 SCSIRD This signal is generated by the standard cell to set up
the read cycle for the 5380 tape controller.

22 SCSIWR This signal is generated by the standard cell to set up
the write cycle for the 5380 tape controller.

23 SCSIEQP This signal is the end of process indicator. This line
is asserted when the data transfer to or from the disk
data buffer and the tape controller is complete. 1t is
deasserted 150 ns after it is asserted.

24 SCSIDACK This signal is the DMA acknowledge line to the 5380
tape controller.

25 SCSIDRQ This signal is received from the tape controller to indi-
cate the tape controller is requesting a DMA transfer.

26 CTRLOAD This signal is used to load data into the DMA address
register.

131 SRASO These lines are the row address strobes for the mem-

143 SRAS1 ory devices in the system. The two SRAS signals are

132 ERAS for the system RAM. SRASO contains the row address

133 VRAS strobe for the first bank of RAM on the system mod-
ule. SRASI contains the row address strobe for the
second bank of RAM on the system module. The
ERAS signal is the row address strobe for the expan-
sion memory. The VRAS signal is the row address
strobe for the video RAM.

48 (59224 This signal selects the 9224 disk controller. It is the

controller’s chip select.
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Table 3-12 (Cont.):

DC524 Standard Cell Pinout

Pin

Signal

Description

49

50

51

27

28

29

30

31

33

34

36

40

43

WR9224

DS9224

DBUFCE

RDUNIT

SELECTRX

SELHIDEN

RDIDAT

RDODAT

RXDATA

RDGATE

vCO020

VCO2

FMDELAY

RDATA

This signal sets up the read cycle for the 9224 disk
controller.

This signal is the data strobe signal to the 9224 disk
controller.

This signal enables the disk data buffer. It is the data
buffer’s chip select.

This signal selects one of the two hard disk drives
when asserted.

This signal selects the RX33 floppy disk drive when
asserted and the hard disk drives when deasserted.

This signal selects the data rate and rotation speed of
the RX33 floppy diskette drive. When asserted (high),
the data rate is 500 kHz at 360 rpm. When deasserted
(low), the data rate is 250 kHz at 300 rpm.

This signal is the raw data stream from the hard disk
in the expansion box. This signal is selected when
SELRX is low and RDUNIT is high.

This signal is the raw data stream from the hard disk
in the system box. This signal is selected when SELRX
is low and RDUNIT is also low.

This signal is the raw data stream from the floppy
diskette drive in the system box.

This signal indicates that the raw data from the hard
disk drives is valid.

This signal is the output of the 20 MHz voltage con-
trolled oscillator and is used for data recovery for the
hard disk drives.

This signal is from the output of the voltage-controlled
oscillator and is used for data recovery for the floppy
diskette drive.

This signal is from the delay line that is used with the
hard disk drives to provide the normal half bit delay
for the phase detector.

This signal is sent to the 9224 disk controller. It con-
tains the raw read data from the disks.
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Table 3-12 (Cont.):

DC524 Standard Cell Pinout

Pin Signal Description

41 RCLK This signal is sent to the 9224 disk controller. It indi-
cates when the raw read data from the disks should
be examined to determine the value of the signal at
that point in time.

37 PUMPUP This signal is used to increase the frequency of the
external voltage-controlled oscillator.

38 PUMPDWN This signal is used to decrease the frequency of the
external voltage-controlled oscillator.

39 TODELAY This signal is sent to the external delay line which
provides the half-bit time delay used to control the
phase comparator for the hard disk drives. This out-
put drives that delay line.

47 CLK5 These signals are a 5 MHz clock and a 10 MHz clock

46 CLK10 used by the 9224 disk controller.

44 TP1 These signals are used to assess the performance of

45 TP2 the phase looked loop. There is also a TP3 that is
connected to ground.

156 OPTROMENA This signal enables the ROM on the module in the
general purpose option port.

154 OPTVIDENA This signal is a general enable signal for the module
in the general purpose option port.

153 SLUENA This signal enables the four-line serial controller.

138 NIENA This signal enables the network controller option in
the DMA option port.

139 NIROMCS This signal selects the ROM chip on the network con-
troller option module.

140 EIDENA This signal enables the Ethernet address ROM on the
system module.

109 CLKAS This signal is the toy-clock watch chip address strobe
signal.

110 CLKCS This signal selects the toy-clock watch chip. It is the
watch chip’s chip select.

111 CLKDS This signal is the toy-clock watch chip data strobe sig-

nal.
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Table 3-12 (Cont.): DC524 Standard Cell Pinout

Pin Signal Description

141 ROMCS This signal selects the system ROM. It is the system
ROM’s chip select.

142 SYSREGEN This signal enables the configuration and test reg-

ister.  This register holds the data on the configura-
tion of the system and also the test output sig-
nal from the DC503 cursor sprite chip. This sig-
nal can also reset the disk controller and the tape
controller, as well as the network controller op-
tion module and the module in the general pur-
pose option port, without resetting the whole sys-
tem.

3.5.1 Power-Up Initialization

When power is first applied to the system, the power-up/power-down cir-
cuitry holds the PWRON signal to the standard cell low as power is applied
to the system and goes high after the +5 Vdc supply has risen to greater
than 4.75 Vdc. PWRON is received into the standard cell by a schmitt re-
ceiver and allows the interval counter to begin counting. The standard cell
then waits for 12,829 clock cycles of CLK40 (320 microseconds) to assure
that all circuits are stable before deasserting the reset signal (CPRESET).
This ensures that the CPU and other devices requiring initialization see an
adequate number of clock cycles while in the reset state. As soon as the
CPRESET signal is deasserted, the CPU chip addresses the system ROM
and fetches the first instruction.

3.5.2 Memory Control

The DC524 standard cell supplies row address strobe (RAS) and column
address strobe (CAS) addresses for dynamic RAMs needing either 8-bit or
9-bit addressing.

Memory cycles may be initiated by the CPU chip or the network controller
operating as DMA bus master. A memory cycle begins by causing AS to
change from high to low with CS2 high. All timing is then determined by
the timing cycles from the input signal CLKO. Additional memory cycles are
initiated to update the VAXstation 2000 video RAM memory internal shift
registers and to perform memory refresh. The MicroVAX 2000 does not use
the video circuits. These additional cycles are requested by counters driven
from the video timing which may deassert the CPU RDY line if necessary
while the memory is busy.
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3.5.2.1 Multiplexed Address Signals (MEMADS:0)

Data from several sources is multiplexed onto the memory address bus,
MEMADS8:0. Data comes from the latched CPU DAL bus, the refresh ad-
dress counter, the video RAM update address counter and is selected ac-
cording to memory type and the current requested cycle.

3.5.2.1.1 Program RAM Cycle, CPU or DMA Read or Write

Program RAM uses 256K x 1 DRAMs as explained in Section 3.3. These
chips use a 9-bit row address and a 9-bit column address. However, the
only cycle to use all 9 bits is the refresh cycle. The addresses comes from
the latched DAL bus as shown below.

RAS address: MEMADS:0 = LDAL19:11
CAS address: MEMADS:0 = LDAL10:02

3.5.2.1.2 Video RAM Cycle, CPU or DMA Read or Write

Video RAM uses four 64K x 4 video RAMs. These chips require an 8-bit
RAS address taken from the latched DAL bus and two CAS addresses on
the DAL bus per cycle (the memory is 16 bits wide). The high order 7 bits
of the two CAS addresses also come from the DAL bus, the LSB is selected
by whether the cycle is a write or a read and which half of a longword
is being accessed. A longword read requires that the high word within a
longword be accessed first, and a longword write requires the low word
within a longword be accessed first.

RAS address: MEMADD7:0 = LDAL17:10

CAS address: (cyclel) MEMADD7:1 = LDAL09:02, MEMADDO = 0 for
WRITE(L) and 1 for WRITE(H)

CAS address: (cycle2) MEMADD7:1 = LDAL09:02, MEMADDO = 0 for
WRITE(H) and 1 for WRITE(L)

3.5.2.1.3 Video RAM Cycle, Shift Register Update

These cycles require an 8-bit RAS address which comes from an 8-bit
counter that is incremented after each cycle, and a CAS address of all ze-
roes which indicates that the entire video shift register is to be updated.
These cycles occur every 4 line times within the active video region and
once immediately preceding the active video region.

RAS Address: MEMADD7:0 = VIDADD7:0
CAS Address: MEMADD7:0 = (0000000(Binary)
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3.5.2.1.4 Refresh Cycles

All RAM memories in the system are updated at the same time during a
RAS only refresh operation. The address comes from a 9-bit counter that is
incremented after each cycle. Six cycles occur as a block during each refresh
operation. These groups of six cycles occur immediately after a video RAM
shift register update cycle.

RAS Address: MEMADS:0 = REFADDS:0

3.5.2.1.5 ROM Cycles

The ROMCS signal is used to access the system ROM for both normal pro-
gram operation and during interrupt acknowledge cycles when the ROM
supplies the interrupt vector to the CPU. The type of cycle is indicated by
the DT/OE signal. When the ROM is accessed during non-interrupt acknowl-
edge cycles, MEMADD7:1 supply a partial address with DT/OE held high.
The remainder of the ROM address is supplied from external latches. When
the ROM is accessed during an interrupt acknowledge (INTACK) cycle, the
number of the highest level device with an interrupt pending is output on
the IAD2:0 signals and DT/OE is set to a logic 0. Having both DT/OE=0
and ROMCS active indicate that the ROM cycle is an INTACK cycle.

ROM partial address: MEMADD?7:1 = LDAL16:08, and DT/OE is high

3.5.2.1.6 1/O Cycles

For cycles which perform only a single data transfer operation, the MEMADD
lines are used to provide latched DAL17:10 for general peripheral controller
use outside the standard cell. For I/O cycles where a double data transfer
operation occurs, MEMADDO indicates which half of a double cycle is ac-
tive.

I/O partial address: MEMADD7:1 = LDAL16:10 for single I/O cycle,
and MEMADDO = cycle for double /O cycle

3.5.2.2 Memory Control Signals

For non-DMA cycles, the standard cell bus timing starts every time AS
changes from high to low with CS2 high, if neither a video RAM update
cycle nor a refresh operation is in progress. For DMA cycles, where the
relationship of AS generated by the DMA Bus Master to CLKO is unknown,
a dual rank synchronizer is added to AS. Depending on the address which
has been latched at the fall of AS, one of three row address strobes may be
generated, followed by some combination of column address strobes.
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All timing is generated from the CPU chip signal CLKO. The low to high
transition of CLKO following the transition of AS from high to low enables
any row address strobe that is required. The next CLKO low to high tran-
sition changes the address output by the cell from the row address to the
column address if any row address strobe is active. For a bus read cycle,
the next high to low transition of CLKO enables column address strobes,
selected by the byte mask signals BM3:0. For a bus write to program RAM
cycle, column address strobes are enabled at the low to high transition of
CLKO following the end of the row address strobe address to allow time for
the parity to be computed and output to the memory parity bits. For pro-
gram RAM, the byte mask bits map into the CAS lines directly. For video
RAM, where two cycles to the RAM are required for each CPU cycle, the
signal CYCLE is used in conjunction with the byte masks and the WRITE
signal to control CAS1:0. BM0, BM2, CYCLE and WRITE control CAS0;
BM1, BM3, CYCLE and WRITE control CAS1; CAS3:2 are not used. The
column address strobes are also used in some peripheral device cycles.

3.5.2.2.1 Program RAM Row Address Strobes (SRAS0 and SRAS1)

The system module has 2 megabytes of program RAM using 256K x 1 DRAM
chips organized in 32-bit longwords, plus byte parity. This occupies address
range 00000000:001FFFFF hex. The signal SRASO is generated when the
CPU, or the network controller, if it is the DMA bus master, has output an
address in the lower half of the address range with CS2 = 1 and when AS
changes from high to low. The signal SRAS1 is generated when the address
is in the upper half of the range. SRAS0/1 is active (low) from the low to
high transition of CLKO following the change of state of AS from high to
low until the low to high transition of DS for that bus cycle. SRASO and
SRASI are both generated when a refresh cycle occurs.

3.5.2.2.2 Extended Program RAM Row Address Strobe (ERAS)

Optional program RAM can be added to the system up to a maximum of 14
megabytes using 256K x 1 DRAMS. The address range 00200000:00FFFFFF
hex is decoded and the signal ERAS generated when the CPU, or the net-
work controller operating as a DMA bus master, has output an address in
range with CS2 = 1 and when AS changes from high to low. ERAS is active
low from the low to high transition of CLKO following the change of state
of AS from high to low until the low to high transition of DS for that bus
cycle. ERAS is also generated when a refresh cycle occurs. (Note that the
14 megabyte expansion limit is the address decode limit of the standard cell
and does not reflect what memory expansion modules may be available for
the system).
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3.5.2.2.3 Video RAM Row Address Strobe (VRAS)

The VAXstation 2000 standard video RAM supports a single screen display
of 1024 x 864 pixels. This is provided by four 64K x 4 video RAM chips.
The address range 30000000:3001FFFF hex is decoded and the signal VRAS
generated when the CPU, or the network controller operating as a DMA bus
master, has output an address in range with CS2 = 1 and when AS changes
from high to low. VRAS remains active low from the low to high transition
of CLKO following the change of state of AS from high to low until the low
to high transition of DS for that bus cycle. As video RAM is only word wide,
the memory control generates two back to back page mode memory cycles
for each bus cycle, stretching the bus cycle by deasserting RDY.

3.5.2.2.4 CAS3:2 Column Address Strobes (CAS3:2)

CAS3:2 are selected by BM3:2. CAS3:2 become active (low) after SRAS,
ERAS or VRAS has gone low or after an I/O device select has been asserted.

3.5.2.2.5 CAS1:0 Column Address Strobes (CAS1:0)

CAS1:0 are selected by BM3:0 during both cyclel and cycle2 but only two of
the four byte masks select CAS1:0 and this is controlled by WRITE. During
cyclel, when WRITE is low, BM1:0 select CAS1:0. When WRITE is high,
BM3:2 select CAS1:0. During cycle2, when WRITE is low, BM3:2 select
CAS1:0. When WRITE is high, BM1:0 select CAS1:0. CAS1:0 become
active (low) after VRAS or an /O device select has been asserted.

3.5.2.2.6 DAL Bus Transceiver Direction Control (DALDIR)

The standard cell uses bidirectional bus buffers to isolate it from the CPU
chip. DALDIR controls the direction of data flow through these buffers.
When DALDIR is high, data is passed from the CPU chip to the system.
When DALDIR is low, data is passed from the system to the CPU ship.
DALDIR is high if WRITE is low or DBE is high. DALDIR is low when
WRITE is high and DBE is low.

3.5.2.2.7 DAL Bus Transceiver Enable Control (DALDIS)

DALDIS enables the DAL bus buffers for data transfer operations to and
from the standard cell and peripheral devices during an extended bus cycle.
DALDIS is also asserted twice during bus read cycles, once while AST is
high and DS is high to avoid possible bus contention with very fast devices
being accessed and again from the time DS has gone high again until AS1
goes low to remove data from the bus as soon as possible. DALDIS is driven
high when DMG is low and when a write to the system configuration register
has been decoded. When DALDIS is low, the bus buffers are enabled in
the direction set by DALDIR. Table 3-13 lists the functions of the DAL bus
transceiver enable control and the status of the controlling signals.
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An extended bus cycle is generated when the memory or peripheral device
addressed is not a full 32-bits wide and it is necessary to perform two read
or write operations on sequential word addresses of the device to satisfy
the CPU long word data requirement. Note that longword accesses to word
wide peripheral devices may cause unpredictable results.

During cycle 1 of an extended bus read operation, the least significant ad-
dress of the selected device is set to a logic 1, indicating that the high 16
bits of a longword is being requested. This is done by setting MEMADDO
to a logic 1. Data is taken from the RAM or peripheral onto buffered DAL
bus bits BDAL15:00 and then into the standard cell where it is stored in a
temporary register, the internal data latch. During cycle 2, this stored data
is output onto BDAL31:16 and the least significant address now presented
to the RAM or peripheral is set to a logic 0, indicating that the low 16 bits
of the long-word is now being requested. The RAM or peripheral supplies
these data bits on BDAL15:00.

For a write operation, during cycle 1 the low word address of the longword
pair is sent to the selected device, the CPU data on BDAL15:00 written to
the selected device and the high word data on BDAL31:16 stored in the
internal data latch. During cycle 2, the word address to the device is set
to the high word of the longword and the data from the internal data latch
placed on BDAL15:00 to be written to the device with DALDIS driven high
to disable the DAL buffers.

Table 3-13: DAL Bus Transceiver Enable Control
Signals

DALDIS DMG Cycle2 WRITE Function

LOW H L L CPU data to the device and standard cell
HIGH H L Standard cell data to the device

HIGH H L H Device data to the standard cell

LOW H H H Standard cell data to the CPU chip

HIGH L X X Data transfers to and from the DMA controller

3.5.2.2.8 Data Transfer/Output Enable for VRAM (DT/OE)
This output has several functions. It controls the video RAM chips to cause
either a normal access (DT/OE is high as AS falls), or a video shift register

update cycle (DT/OE low as AS falls). It is also used as a cycle type select
bit for ROM cycles
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3.5.2.3 Memory and Peripheral Timing
Memory and peripheral timing diagrams are located in Appendix A.

3.5.2.4 Control of CPU Cycle Slips
This section describes the CPU cycle timing control signals.

3.5.2.4.1 Single and Double Cycle Slips

To guarantee a single microcycle slip, the CPU chip RDY line is deasserted
at the start of T3 of an extended cycle and reasserted at the end of the
following T2 for a single microcycle slip, or the end of the next T2 for a two
microcycle slip (TOY clock cycles).

AS is asserted (low) during state T2 following the CLKO low to high tran-
sition that starts T2, AS is re-synchronised within the standard cell using
CLKO, so AS1 is set at the start of CPU state T3. The CPU samples RDY
from T4 + 30 ns to T4 + 90 ns, so if RDY is de-asserted from AS1 to AS1
+ 3CLKO later, a single microcycle slip will occur. In fact RDY may be
deasserted up to AS1 + 5CLKO later and there will still only be a single

slip.
3.5.2.4.2 Two Cycle Requests from Optional Devices

The logic used to extend the bus cycle and to generate two word cycles
per extended bus cycle may be used by any optional device by its asserting
the control line DCYC/IAD2. A peripheral device needing the controller
to perform a double cycle must assert DCYC/IAD2 low within 100 ns of
receiving its device select from the standard cell or decoding its device
select separately.

3.5.3 Video Control

3.5.3.1 Video Shift Register Update and RAM Refresh

The shift registers within the four video RAM chips contain sufficient data
for four display lines, thus an update of the shift registers is required every
four line times (74.1 microseconds). A single video RAM cycle with DT/OE
low as VRAS falls updates all shift registers. The RAS address for such an
update cycle is taken from an 8-bit counter which is preset with an offset into
the video RAM address space at the end of each frame and incremented
after each update cycle. As there are 864 displayed lines and an update
cycle occurs each 4 lines, the counter range is INITIAL VALUE to (INITIAL
VALUE + 215). If the INITIAL ADDRESS is reater then 40, the counter
wraps to the start of the video RAM after line 86 * (40 - INITIAL VALUE).
The CAS address for update cycles is set to zero to cause all shift registers
to be used.
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Following the shift register update, memory refresh is performed. During
each refresh operation, sufficient refresh cycles must take place to ensure
that the worst case refresh interval is not exceeded. As there are a total of 216
refresh operations for each display frame time (16.67 microseconds), this
requires that six RASO-only refresh cycles must be performed during each
refresh operation (256 addresses must be accessed every 4 microseconds;
every 4 microseconds there are 51 shift register update cycles; 5 cycles per
operation yields a worst case refresh interval of 3.9 microseconds. But there
are no refresh cycles during the vertical retrace interval, hence 6 refresh
cycles per operation). The addresses for these cycles come from a 9-bit
binary counter, initially cleared and incremented after each refresh. (Only
eight bits are used for the present RAMs, the ninth bit is for possible future
RAMs using 1 megabit chips).

The sequence of video shift register update and the six refresh cycles is
started by the video timing prior to the beginning of the displayed region and
subsequently every four display lines until the end of the displayed region.
A request for control of the memory system is posted by either of these two
events. A synchronizer then monitors AS and waits for it to be high when
CLKO changes from low to high. At this time a hold state is entered and
DCYC/IADL1 is driven low to indicate to external logic that a video RAM
update is in progress. While hold is true, any attempt by the CPU, or the
network controller operating as a DMA master, to access memory (AS going
low), causes the RDY line to be de-asserted and the requested memory cycle
to be held off until the update/refresh cycles have been completed. If AS
goes low with CS2 high while hold is true, the CPU line RDY is deasserted
and a cycle counter is started. When the update/refresh cycle is completed,
RDY is kept deasserted until the cycle counter indicates that the CPU is in
state T2. That is, the CPU is in a state equivalent to where it asserted AS,
thus the cycle continues as though it had started normally.

3.5.3.2 Video Timing Diagrams
The video timing diagrams are Jocated in Appendix A.
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3.5.3.3 Video RAM and Cursor Data Combination and Output

Figure 3-45 shows a simplified block diagram of the video RAM and cursor
data combination and output circuits.

Figure 3-45: Video RAM and Cursor Block Diagram

CURA3:0 —— [ SERIAL
ouT
CURB3:0 ———— AND VIDRESULT
XOR 3:0 4-BIT
P! SHIFT
REG.
VDAT3:0
LOAD LD
VIDCLK Lﬁ SHIFT

PORTION OF STANDARD CELL

3.5.3.3.1 Video RAM Input Data (VDAT3:0)

The 16-bit output from the video RAMs are multiplexed to four bits which
are input to the standard cell on VDAT3:0. VDATO is the first of the four
bits output in the serial dot stream.

The basic video clock input to the standard cell is VIDCLK. It is divided by
four to produce NIBBCLK. This is the count input to the horizontal timing
generation and is also output to the cursor chip. Data input to the standard
cell is four bits wide as described above. The four bits are selected from
the 16 bits from the video RAMs by the two signals SELY and SELX. During
one cycle of NIBBCLK, the current four bits of data are converted to serial
output when LOAD ENABLE is asserted as shown in Figure 3-46.
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Figure 3-46: Video Dot Cycle Timing
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3.5.3.3.2 Cursor Data (CURA3:0 and CURB3:0)

The 8-bit output from the cursor control chip is input to the standard cell
on these 8 lines and is combined with the video RAM output data to form
the final video dot stream (DOTS). The combination is done on a bit basis
prior to the result being loaded into a 4-bit shift register. For example,
VIDRESULTO is derived from the logical AND of VDATO0 and CURBO. The
result of this logical AND is then exclusive-ORed with CURAQ. This is done
for all four bits.

3.5.3.3.3 Synchronization OQutput Pulses (HSYNC and HSVS)

The video clock (VIDCLK) is divided by four to form NIBBCLK, this then
is used as the clock to the horizontal timing which generates HACTIVE
(internal signl) and HSYNC. The overflow from the horizontal timing is
used as an enable to the vertical timing counters which produce VACTIVE
(internal signal) and VSYNC (internal signal). HSYNC and HSVS are output
to the monitor. HSVS is the logical OR of HSYNC and VSYNC. Horizontal
timing is generated by a synchronous 8-bit counter whose states are decoded
to generate HSYNC and HACTIVE as shown in Figure 3-47.
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Figure 3-47: Horizontal Timing Generation
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Vertical timing is generated by an 8-bit asynchronous counter which is
clocked by the low to high transition of HACTIVE as shown in Figure 3-48.

Figure 3-48: Vertical Timing Generation

VACTIVE N\ 1 ‘ / N /
VSYNC N N

“f— COUNTER STATE = 3§

“®— COUNTER STATE = 3
“€— COUNTER STATE = 0
- TOTAL COUNT = S01 B i

MA-X0928-87

3-94 VAXstation 2000 and MicroVAX 2000 Technical Manual



3.5.3.3.4 Video RAM Shift Pulses (SRAM1:0)

Pairs of video RAM chips are shifted separately using two shift pulses, the
second of which is delayed from the first by two NIBBCLK periods (116 ns).
This allows the maximum time for the video RAMs to present new data to
the standard cell.

3.5.3.3.5 Shift Register Update Mode Select (DT/OE)

This output line selects whether the video RAMs are operating in normal
random access read/write mode (DT/OE high when VRAS changes from high
to low), or shift register update mode (DT/OE low when VRAS changes from
high to lowy).

3.5.4 Input/Output Control

Input and output (I/O) decode is done for all the devices and for some of the
options. Addresses are decoded only to the level necessary to specify the
device. All I/O cycles are extended to at least 600 ns. The TOY clock cycles
are extended to 800 ns and certain operations involving the Ethernet network
controller cause even longer cycles to occur by controlling the SCYC/IAD2
input to the standard cell. This section describes how the I/O control signals
are implemented.

3.5.4.1 Configuration and Test Register Enable (SYSREGEN)

This is an enable signal to a general purpose register that is active low when
an address in the range 20020000:200200FF hex is decoded and also when
CS2 goes high when AS changes from high to low. It is low from the CLKO
low to high transition following the AS transition until AS returns to the high
state. If WRITE is low when this address is decoded then DALDIS is driven
high.

3.5.4.2 System ROM Enable (ROMCS)

The system ROM occupies 1/O space and is controlled by ROMCS. ROMCS
goes true (low) for addresses in the range 20040000:2007FFFF hex when CS2
is high and AS has changed from high to low when WRITE is high and
DBE is low. ROMCS also goes low when DBE is low during an interrupt
acknowledge cycle where CS2 is low when AS goes from high to low, so
that the ROM may output a vector for the interrupting device. For these
cycles, ROM address bits 2:0 are output on lines IAD2:0.

3.5.4.3 Network Option ROM Enable (NIROMENA)

To allow for the network interface controller to have on-board ROM, this
output signal goes active (low) under the following conditions. An address
in the range 20010000:2013FFFF hex is decoded with CS2 high, when AS
has gone from high to low, and, WRITE is high and DBE is low.
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3.5.4.4 Video Option ROM Enable (OPTROMENA)

A signal similar to NIROMENA, except that it is active for the address range
20140000:2017FFFF hex. It is intended for use by the option in the general
purpose port.

3.5.4.5 TOY Clock Control (CLKCS, CLKAS, and CLKDS)

The time-of-year clock chip requires a longer bus cycle than other peripheral
devices. Bus cycles directed to the TOY chip are extended by an additional
microcycle and three control signals are generated to accommodate the slow
chip timing.

e CLKCS is asserted (low) when an address in the range 200B0000:
200BOOFF hex has been decoded with CS2 high, from the high to
low transition of AS, to the following low to high transition of DS.

* CLKAS is asserted (low) 75 ns after CLKCS goes low and is de-
asserted at the next low to high transition of DS.

* CLKDS is asserted (high) as a function of the CPUs WRITE signal.
If WRITE is high (read from the TOY clock chip), CLKDS goes true,
(high) 200 ns after CLKCS goes true, and remains high until the next
low to high transition of DS. If WRITE is low (write to the TOY clock
chip), DS goes high 200 ns after CLKCS goes low and remains high
for 350 ns.

3.5.4.6 System Error, Interrupt Control and Video Control Registers

There are four registers internal to the standard cell that report and control
parity error generation and checking, provide interrupt masks for all the
standard peripheral devices and provide an offset into the video RAM for
the start of screen.

3.5.4.6.1 Memory System Error Register (MSER)

Register MSER (address 20080004 hex) contains information relating to the
parity checking of the machine. Some bits are read-only and some are
read/write. Parity generation and checking is performed for all program
RAM on a byte basis.

Detection of a parity error causes the CPU ERR line to be asserted (low)
and held low until the end of a subsequent data stream read cycle. At the
time a parity error is detected, the memory page address is latched and
held until the error has been cleared. Note that there is no provision for
detection of further parity errors in the interval between the time that the
parity check logic has detected an error and the time that the initial error
has been cleared (by a write to the MSER Register). See Section 3.3.1.5 for
an explanation of this register.
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3.5.4.6.2 CPU Error Address Register (CEAR)

Register CEAR (address 20080008 hex) is used to save the address at which
a parity error was detected. The contents of this register are only valid when
a parity error has occurred and CPU LPE is set (MSER5 = 1). This register
is read-only. Bits 31:15 are read as 0 and 14:00 are the failing address bits
23:09.

3.5.4.6.3 Diagnostic Register

The diagnostic register (address 20080000 hex) is used for diagnostic pur-
poses. This register is a read/write and is a full 32-bits wide.

3.5.4.7 Interrupt and Video Control Register (IVCR)

This 32-bit register (address 2008000C hex) is made up of four separate 8-bit
registers; the system interrupt mask register (INT MSK)), the display origin
register, the single bit (the other seven bits are not used) register used to
select the source of the end of frame interrupts which can be the internal
video controller or the optional video controller, and the pending interrupt
status register (INT REQ). Figure 3-49 shows the contents of this register.

Figure 3-49: Interrupt and Video Control Register (IVCR)
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Data Bit Definition

INT_REQ Read/write (bits 31:24).  This 8-bit register contains the latched re-
sult of an active INT_CLR transition on any one of the eight in-
terrupt lines. Interrupt level 7 is reported in bit 31, inter-
rupt level 0 is reported in bit 24 A write to this 8-bit reg-
ister clears any bits set according to the bit pattern in 31:24.

23:17 Not used. Read as 0.
SVINT Read/write (bit 16). Selects the source of end of frame inter-
rupts. If cleared, the interrupt source is the internal video con-

troller. This bit is cleared during power-up.

DOR Read/write (bits 15:08). These bits are loaded with a value used
by the internal video controller as an offset from the base ad-
dress of the video RAM. The video RAM starts at address 30000000H, and with
the offset register cleared, this address maps to the first 32 pix-
els of the first scan line of the display. The offset register al-
lows the first scan line data to be taken from 30000000H + DOR=*400H.
If the programmed value of the offset is greater than 40, the
video controller wraps back to 30000000H following access to ad-
dress 3001FF80H as the video RAM is only 128 kbytes.  The off-
set register is cleared during power-up.

INT_MSK Read/write (bits 07:00). Individual interrupt enables for the eight
sources of interrupts supported by this chip All interrupt en-
ables are cleared during power-up.

3.5.4.8 Serial Line Controller Enable (SLUENA)

This signal is asserted (low) when an address in the range 200A0000:200A000F
hex has been decoded with CS2 high when AS goes from high to low. It is
used as the enable to the four line serial line controller.

3.5.4.9 Shift Silo (SHSILO)

This signal is asserted (high) for approximately 100 ns following any read
to address 200A.0004. It is used externally to shift the contents of the SLU
SILO following a read from the SILO.
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3.5.4.10 9224 Control Signals (CS9224, DS9224, and WR9224)
These three signals control the 9224 disk controller chip.

¢ (CS9224 is asserted (low) when an address in the range 200C0000:
200C0007 hex has been decoded and CS2 is high and AS has gone
from high to low. It remains low until AS returns high.

¢  When DS9224 is asserted by the CPU, it is low after C59224 has
gone low, which is approximately 100 ns after DS goes low, to allow
for the long address strobe setup time of the 9224 chip. It goes
high again when DS goes high. When not asserted by the CPU,
this pin becomes an input and may be driven by the 9224 chip to
access the disk buffer RAM. When used by the tape controller chip,
it again is an output, used to control data transfer to and from the
tape controller chip and the disk data buffer.

¢ WR9224 is asserted (low) when the 9224 chip is being addressed
by the CPU or when the tape control logic needs to write to the
disk data buffer. It is low when CS9224 is low and WRITE is low,
approximately 100 ns after DS has gone low. It returns high when
DS returns high.

3.5.4.11 Tape Port Control Signals (SCSICS, SCSIRD, and SCSIWR)

Control of the tape port (SCSI) requires reading and writing registers within
the tape controller chip, reading and writing the DMA address register,
writing the byte count register, and specifying the transfer direction. Several
address ranges are decoded as follows.

¢ 200C0080:200C009F is used to address read/write registers within
the tape controller chip. The signal SCSICS is asserted (low) and
either SCSIRD or SCSIWR is asserted depending on whether the
operation is a read or write. The tape controller chip is byte wide
and accepts data from or presents data to BDAL07:00.

¢ 200CO00AO is used to load data into the DMA address register. This
register is external to the standard cell and is byte wide, write only.
When this address is decoded, SCSICS is generated, followed by
CTRLOAD.

¢ 200C00C0 is a read/write DMA byte count register. On a write,
BDAL15:00 are loaded into the DMA byte count register, as selected
by byte mask bits 1:0. Byte mask bits 3:2 and BDAL 31:16 are ig-
nored. The DMA byte count register is internal to the standard cell.
On a read, the contents of the DMA byte count register are returned
as BDAL15:00 as selected by BM1:0.
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e 200C00C4 is used to address the tape port direction bit which is
a single bit write only register. SCSI DIR is loaded from BDALOO.
Any reads at this address returns all zeros.

3.5.4.12 Disk RAM Buffer Control (DBUFCE)

This signal is asserted when the disk buffer RAM is addressed by either the
CPU, the tape control logic or the 9224 disk controller chip. For CPU ac-
cesses, this signal goes low when an address in the range 200D0000:200D1FFF
hex has been decoded and CS2 is high, and AS has gone from high to low
and remains low until AS returns high. For 9224 accesses, this signal follows
DS9224.

3.5.4.13 Ethernet/SID ROM Enable (EIDENA)

This signal is asserted (low) when an address in the range 20090000:2009007F
hex has been decoded and CS2 is high and AS has gone from high to low
and WRITE is high. It remains low until DS goes from the low to high again.
It is used to access the machine ID ROM which also serves as the Ethernet
address ID ROM.

3.5.4.14 Network Interface Controller Enable (NIENA)

This signal is asserted (low) when an address in the range 200E0000:200EFFFF
hex has been decoded and CS2 is high and AS has gone from high to low.
It becomes inactive when AS returns high. It is used as the device enable
to the network controller option.

3.5.4.15 Cursor Chip Enable (CURSEL)

This signal is asserted (low) when an address in the range 200F0000:200F00FF
hex has been decoded and CS2 is high and AS has gone from high to low.
It becomes inactive when AS returns high. It is used as the device enable
to the cursor control chip.

3.5.4.16 Video RAM Enable (SRAMO and SRAM1)
The video RAM occupies I/O address space as described in Section 3.5.3.

3.5.4.17 Video Option Enable (OPTVIDENA)

The signal is asserted (low) when an address in the range 38000000:3FFFFFFF
hex has been decoded and CS2 is high and AS has gone from high to low.
It is a general enable for use by an add-on video controller.
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3.5.5 Disk Control

Some of the disk control functions for both the floppy and hard (winchester)
disks are implemented within the standard cell and are described here.

3.5.5.1 Fioppy Disks

Transitions received from the floppy disk are synchronized and delayed us-
ing a 40 MHz clock before being presented to the 9224 for data separation to
perform the nominal half-bit period delay. Signal RXDATA is synchronized
to the 40 MHz clock and then delayed by 500 ns or 1 microsecond (deter-
mined by SELHIDEN) before being used to control the PUMPUP/PMPDWN
control lines to the VCO circuits on the system module.

3.5.5.1.1 Density Select (SELHIDEN)

When this signal is high, it indicates that the diskette is being read or written
at a data rate of 500 kHz and that the disk rotation speed is 360 rpm. When
it is low, the data rate is 250 kHz and the rotation speed is 300 rpm.

3.5.5.1.2 Select Floppy Disk/Winchester Disk (SELRX)

When this signal is high, it indicates that a floppy disk is selected. When it
is low, it indicates that a winchester disk is selected.

3.5.5.1.3 Read Gate (RDGATE)

This signal is from the 9224 disk controller chip and indicates that valid data
is being read from the selected disk drive. It is also used to switch the phase
comparator logic from the internal clock to the recovered clock.

3.5.5.1.4 Drive to External Delay Line (TODELAY)

For winchester disks, an external delay line is used to provide the nominal
half-bit time delay used to control the phase comparator rather than the
digital delay used with the floppy disk drives. This output drives that delay
line. It is a bidirectional pin so that I/O pad driver delays on this signal and
on the signal FMDELAY may be equalized.

3.5.5.1.5 Receive from External Delay Line (FMDELAY)

The output from the delay line that is used with the winchester disks is used
to provide the nominal half-bit delay for the phase detector.

3.5.5.1.6 Floppy Disk Read Data (RXDATA)

Transitions received from the floppy disk are received on this signal. If
SELRX is high, a low to high transition on this line causes the ARM phase
detector flipflop to be set. This enables the digital half-bit time delay.
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3.5.5.1.7 2 Megahertz Voltage-Controlled Oscillator (VCO2)

This signal is from the output of the VCO circuits on the system module
and is used for floppy disk data recovery.

3.5.5.2 Winchester Disks
This section describes the signals associated with the winchester disk drives.

3.5.5.2.1 Drive 0 Read Data (RDODAT)

This signal is the raw data stream from the winchester disk and is selected
when line SELRX is low and line RDUNIT is low.

3.5.5.2.2 Drive 1 Read Data (RD1DAT)

This signal is the raw data stream from the winchester disk and is selected
when line SELRX is low and line RDUNIT is high.

3.5.5.2.3 Select Winchester Unit (RDUNIT)
This signal selects one of two winchester disk drives as described above.

3.5.5.2.4 20 Megahertz Voltage-Controlled Oscillator (VC020)

This signal is the output of the 20 MHz VCO and is used for winchester disk
data recovery.

3.5.5.3 Common Signals
This section describes the common signals used by the standard cell.

3.5.5.3.1 40 Megahertz Clock (CLK40)

This signal is the input of a nominal square wave from an XTAL oscillator
and it is divided to produce 0.5, 1, 5 and 10 MHz. All of these are used
within the standard cell. The 5 and 10 MHz signals are also outputs on
CLKS5 and CLK10 signals, respectively.

3.5.5.3.2 Read Clock to 9224 Disk Controller (RCLK)
This signal is sent to the 9224 disk controller chip.

3.5.5.3.3 Pump UP Control Signal to VCO (PMPUP)
This signal is used to increase the frequency of the external VCO.

3.5.5.3.4 Pump Down Control Signal to VCO (PMPDWN)
This signal is used to decrease the frequency of the external VCO.
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3.5.5.3.5 Read Data (RDATA)
This signal is sent to the 9224 disk controller chip.

3.5.5.3.6 10 Megahertz Clock (CLK10)

This signal is a 10 MHz clock which is generated by dividing the CLK40
signal by four. This signal is high for 50 ns and then low for 50 ns.

3.5.5.3.7 5 Megahertz Clock (CLKS)

This signal is a 5 MHz clock which is generated by dividing the CLK40 signal
by eight. This signal is high for 100 ns and low for 100 ns.

3.5.5.3.8 Test Points (TP1, TP2, and TP3)

These signals are used to assess the performance of the phase locked loop.
TP3 is connected to ground. TP1 and TP2 are connected to the input side of
the edge-catching flip-flops of the phase comparator. The output of these
flip-flops are the PUMPUP and PUMPDWN signals on the standard cell. To
use them for troubleshooting the phase locked loop, set the phase locked
loop to one of the reference frequencies by inhibiting the disk controller
from reading data from the disks so the pulses are steady. Measure the
phase error on the positive edges of the signals. It does not matter which
signal (TP1 or TP2) you sync on. For the hard disks, there should be no
more than 3 ns of phase error between TP1 and TP2. (Typically, it should
be .5 to .2 ns.) For the floppy diskette, there should be no more than +/-14
ns of phase error.

3.5.6 Tape Control (SCSI)

The control signals SCDRQ, SCSIDACK and SCSIEOP, with the DMA byte
count register (SCD_CNT) and the SCSI direction bit (SCDIR), control the
operation of the tape port. When the tape controller has been programmed
for a transfer to the disk buffer by the CPU chip, the transfer sequence is
as follows.

1. The tape controller asserts SCSIDRQ (high).

2. The signal SCSIDACK is then generated by the standard cell. The
signals SCSIRD and WR9224 are also generated at this time.

3. One CLKO period later, DS9224 is generated.

4. When the byte count register (SCD CNT) contains FFFF, SCSIEOP
is asserted.

5. DS9224 and SCSIEOP are asserted for three CLKO periods (150 ns)
and then both deasserted.
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6. One CLKO period later, WR9224, SCSIRD and SCSIDACK are de-
asserted,

When the tape controller has been programmed for a transfer from the disk
buffer by the CPU chip, the transfer sequence is as follows.

1. The tape controller asserts SCSIDRQ (high).

2. The signal SCSIDACK is then generated. The signal WR9224 is also
generated at this time.

3. One CLKO period later, SCSIWR is asserted.

4. When the byte count register (SCD CNT) contains FFFF, SCSIEOP
is asserted.

5. Three CLKO periods later, SCSIWR and SCSIEOP are de-asserted.
6. One more CLKO later, SCSIDACK is deasserted.
The tape port timing diagrams are located in Appendix A.

3.5.7 Parity Generation and Checking (PBIT3:0)

For all program RAM (address range 00000000:00FFFFFF hex), parity is gen-
erated on write and checked on read as specified by the byte mask bits if
parity check is enabled. Parity is not carried in the video RAM.

A parity error causes a fatal machine check. The line ERR is asserted from
the time of the parity error detection until after the next data stream read
cycle. ERR causes control to be passed to the ROM restart address 20040000
hex.

3.5.8 Interval Timer Interrupt Generation (INTTIM)

This signal provides a source of interrupts at a 10 millisecond rate. It counts
down the 40 MHz clock.
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3.5.9 Interrupt Controller

The interrupt controller portion of the standard cell uses three registers to
process interrupts generated by 1/O devices. These registers are interrupt re-
quest (INT REQ), interrupt mask (INT MSK), and interrupt clear (INT CLR).
Table 3-14 lists these registers and Figure 3-50 shows the format of these
registers. Note that the definition of each bit is the same in all three registers
and that each bit is in the same position in all three registers.

Table 3-14: Internal Interrupt Registers

Register Name  Definition

INT_REQ This register holds the latched interrupt requests received from /O de-
vices (read-only}.

INT_MSK This register contains a mask which determines which interrupt re-
quests generate a processor interrupt {read/write).

INT_CLR This register, which occupies the same physical register as INT_
REQ, enables a program to selectively reset interrupt request
bits in the INT_REQ register (write-only for INT_CLR).

Figure 3-50: Interrupt Register Formats (INT REQ, INT MSK, INT CLR)

SR ST NP NS VF VS SC DC

Data Bit Definition

SR Serial line receiver or silo full
ST Serial line transmitter done
NP Network controller primary
NS Network controlier secondary
VF Video end of frame

Vs Video secondary

SC SCSI controller

DC Disk controller
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3.5.9.1 Interrupt Request Register (INT REQ)

The interrupt request register is an 8-bit read-only register at physical ad-
dress 2008.000F. Each bit reflects the state of the interrupt request latch for
one interrupt source. Bits 7:0 correspond to interrupt ranking as described
in Section 3.5.9.5.

A bit in the INT REQ register is set only by an active transition on the
corresponding device’s interrupt request line. The bit is set by an active
transition regardless of the state of the corresponding bit in the interrupt
mask register INT MSK. However, an interrupt request is sent to the CPU
only when the corresponding bits in both INT REQ and INT MSK are set.

A bit in the INT REQ register is cleared by writing to the INT CLR register
with a one in the corresponding bit position. However, the highest bit set
in INT REQ is cleared automatically during a CP'U interrupt acknowledge
cvcle as long as the corresponding bit in INT MSK is also set. Note that
INT CLR and INT REQ are the same physical register and that the clearing
function occurs during writes to this register. Also, INT REQ may be read
at any time. Readmg it does not alter the state of the system in any way.

The INT REQ is cleared to 0 during the power-up sequence.

3.5.9.2 Interrupt Mask Register (INT MSK)

The interrupt mask register is an 8-bit read/write register at physical address
2008.000C. Each bit is a mask for one interrupt source. Bits 7:0 correspond
to interrupt numbers 7:0 as listed in Section 3.5.9.5. Each mask bit is logi-
callv ended with the corresponding bit of the INT REQ register and a non-
zero result is needed before starting the priority encoder or sending the
CPU interrupt request signal. If a mask bit is 0, the corresponding device's
latched request (if any) is not presented to the CPU.

A 0 in a mask register bit does not prevent the corresponding device from
setting its interrupt request register bit. If a request bit is set whose corre-
sponding mask bit is 0, a CPU interrupt is not requested until the mask bit
is subsequently set to 1 (assuming that the request bit has not meanwhile
been cleared by writing to INT CLR). A program which is changing from
polled to interrupt servicing of a device should be sure to clear the device's
bit in INT REQ prior to setting its corresponding bit in INT MSK in order
to avoid a possible false interrupt signal to the CPU.

The interrupt mask register is cleared to 0 during the power-up sequence.
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3.5.9.3 Interrupt Clear Register (INT CLR)

The interrupt clear register is an 8-bit write-only register at physical address
2008.000F, which is used to selectively clear bits in the INT REQ.

For each bit of INT CLR that is a one, the corresponding bit of INT REQ is
cleared. The effect of writing to INT CLR is transient. Its contents are not
stored and writing to it does not prevent any INT REQ bits from being set
in the future.

3.5.9.4 Interrupt Vector Generation

Once an interrupt is declared valid, the controller asserts the interrupt re-
quest line to the CPU. When the CPU acknowledges the interrupt, the inter-
rupt controller sends the address of the interrupt vector to the system ROM
over the address bus. This address is calculated using the interrupt number
(7 through 0) of the 1/0O device, which also corresponds to the bit position
in INT REQ, in the following formula.

ROM address = 2004.0020 + (interrupt number * 4)

This address, once it is calculated, points to one of eight longwords in the
system ROM, which holds the interrupt vector for that particular I/O device.
Figure 3-51 shows the format of an interrupt vector longword in ROM.

Figure 3-51: Interrupt Vector Longword

3 1
i 09 0
Y ¢ DR VNUM
Data Bit Definition
31:10 lgnored. Should be 0.
VNUM Interrupt vector number:
Vector Source
2C0 Serial line controller receiver done or silo
full.
2C4 Serial line controller transmitter done.
250 Network controller primary (network op-

tion module).
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Vector Source

254 Network controller secondary (network op-
tion module).

244 Video end-of-frame (system module or video
option module, according to the VDC SEL
register).

248 Video controller secondary (video option mod-
ule).

3F8 Tape controller (5380).

3FC Disk controller (9224).

Bit 0 is the priority level flag which selects
the IPL in the CPU. If this bit is 0, the IPL
is 14h. If it is 1, the IPL is 17h.

3.5.9.5 Interrupt Sources and Ranking

Table 3-15 lists the interrupt sources from highest to lowest priority. The
interrupt numbers 7:0 indicate their bit positions in the INT REQ, INT MSK,
and INT CLR registers and also indicate their relative priority when more
than one request is pending. Interrupt 7 represents the highest priority.
The edge column indicates the signal transition, positive or negative, that
sets the device’s bit in the INT REQ register (the opposite transition has no
effect).

Interrupts 0, 1, 6 and 7 are dedicated to devices on the system module.
Interrupts 2, 4, and 5 come from devices attached to option module
connectors. Interrupt 3 comes from either the system module or from the
video option connector, according to the setting of the VDC_SEL register.

3-108 VAXstation 2000 and MicroVAX 2000 Technical Manual



Table 3-15: Interrupt Priority Ranking

Priority ~ Name Edge Interrupt source

7 SR Positive Serial line controller receiver done or silo full

6 ST Positive Serial line controller transmitter done

5 NP Negative Network controller primary (network option mod-
ule)

4 NS Negative Network controller secondary (network option
module)

3 VF Negative Monochrome video end-of-frame or video op-
tion module according to the VDC SEL register

2 VS Negative Video controller secondary (video option mod-
ule)

1 SC Positive Tape controller

0 DC Positive Disk controller

3.5.9.6 Video Interrupt Select Register (VDC SEL)

The source of the video end-of-frame interrupt signal (priority 3 in Ta-
ble 3-15) is determined by the VDC SEL register, which is a one-byte
read/write register at address 2008.000E. Figure 3-52 shows the video in-
terrupt select register.

Figure 3-52: Video Interrupt Select Register (VDC SEL)

7 1 0
RESERVED I30PT
Data Bit Definition
7:1 Reserved. Returns unpredictable data when read. Must be written as
0’s.
13OPT Interrupt 3 source. If this bit is 0, interrupt 3 comes from the

monochrome controller on the system module. If bit 0is 1, the inter-
rupt comes from the controller on the video option module. This bit
is cleared to 0 during power-up initialization.
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3.5.10 Monochrome Video Display Controller

The video display controller generates a monochrome image which is 1024
pixels wide by 864 pixels high. The controller consists of one bit-mapped
display data plane. It can superimpose a cursor at any position on the
display independently of the contents of the data plane.

3.5.10.1 Video Timing

All video timing is derived from the pixel clock crystal whose frequency
is 69.1968 MHz, which yields a pixel time of approximately 14.5 ns. The
timing of the synchronization and blanking signals cannot be changed by a
program. Table 3-16 shows monochrome video timing.

Table 3-16: Monochrome Video Timing

Frequency Type Frequency

Pixel 69.1968 MHz
Horizontal 54.06 kHz

Vertical 60.0 Hz

Horizontal Timing Microseconds  Pixels
Entire line 18.50 1280
Visible raster 14.80 1024
Active line time 14.798 -
Blanking 3.70 256
Sync front porch 0.173 12
Sync pulse width 1.85 128
Sync back porch 1.676 116
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Vertical Timing Milliseconds Lines

Entire frame 16.667 901
Visible raster 15.982 864
Blanking 0.684 37
Sync front porch 0.000 0
Sync pulse width 0.055

Sync back porch 0.629 34

3.5.10.2 End-of-Frame Interrupt

An interrupt request is generated at the trailing edge of each vertical sync
pulse, which is three horizontal scan times after the beginning of each ver-
tical blanking interval. (The interrupt vector is listed in Section 3.5.9.4).
The time between this interrupt and the end of the vertical blanking inter-
val is approximately 620 microseconds (34 line times). Interrupts occur at
the frame rate of 60 Hz. Interrupts may be masked by clearmg bit VF of
the interrupt mask register (INT MSK) to zero (See Section 3.5.9.3). Upon
power-up, this mask bit is cleared to zero. In order for this end-of-frame sig-
nal to be recognized as an interrupt, the VDC SEL register (Section 3.5.9.6)
must be set to select this source rather than the video option module.

3.5.10.3 Data Plane Storage

The display data plane is stored in a 128K byte block of dual port RAM. It
occupies the physical address range 3000.0000 through 3001.FFFF. Access
to the RAM can be byte, word, or longword.

One displayed line of 1024 pixels is represented by 32 consecutive long-
words, beginning at an address whose low-order 7 bits are all 0 (that is,
a multiple of 128 decimal). Each longword appears as 32 consecutive pix-
els on a display line. Bit 0 of a longword (least significant) is displayed as
the leftmost pixel and bit 31 (most significant) is displayed as the rightmost
pixel of the 32-pixel group. Long\« ord addresses increase from left to right
across a displayed line and exactly 32 longwords are required for each line.
The 128K byte data plane storage holds 1024 line images, 864 of which are
visible on the display at any one time.

NOTE: An error in the standard cell allows part of the 865th line fo be visible. To
fix this problem, ensure that the 32 longwords following the last display scan line
contain 0.
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3.5.10.4 Display Origin Register (VDC ORG)

The address in the data plane storage which corresponds to the top line of
the display raster is determined by the 8-bit read/write register VDC ORG,
whose address is 2008.000D. This register supplies bits 16:9 of the address
of the top line. Thus, the address of the first longword in the topmost
displayed line is:

Address = 3000.0000 + (VDC ORG * 512)

The visible display can begin on any 4-line boundary and wraps from the
last line in the data plane storage (beginning at 3001.FF80) to the first line
(beginning at 3000.0000). The contents of VDC ORG are used at the begin-
ning of the vertical blanking interval to reset the video controller address
counter. Register VDC ORG can be written to at any time. The contents of
VDC ORG are cleared to 0 at power-up.

Changing VDC ORG does not affect the displayed position of the cursor
sprite on the screen. The sprite’s position registers operate relative to the
first line displayed, regardless of what memory address it comes from.

3.5.11 Test Mode (TEST)

This signal is a general test input which modifies some internal connections
to facilitate the standard cell’s chip test as explained below. The standard
cell is in test mode when jumper W5 is removed.

3.5.11.1 Interval Counter

This consists of four sections: divide by 10, divide by 25, divide by 25 and
divide by 32 counters. These are normally cascaded to count down the 20
MHz clock to 100 Hz. In test mode, each counter has the input clock gated
directly to its count input and each section output may be observed at the
INTTIM output which is selected by DAL31:30 as shown in Table 3-17.

Table 3-17: Standard Cell Test Mode Addressing
DAL31  DAL30 INTTIM

0 0 Divide by 32

0 1 Second divide by 25
1 0 First divide by 25

1 1 Divide by 10
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3.5.11.2 Vertical Timing

When TEST is high, the input to the vertical timing counters is changed from
HACTIVE to NIBBCLK to allow a faster test.

3.5.11.3 Video RAM Shift Register Update/Refresh

When TEST is high, the count inputs to the update address counter and
the refresh counter can be accessed using CLK40 and a combination of
DAL02:00.

3.6 DC503 Cursor Sprite Chip
This section describes the DC503 cursor sprite chip (Figure 3-53).

3.6.1 Overview

The DC503 cursor sprite chip generates a cursor display on the video moni-
tor. The cursor is generated from a two plane memory array within the cur-
sor chip. Refer to Section 3.5.3 for video timing and control information.
This chip is not implemented when the system module jumper is set for
MicroVAX 2000 usage. Figure 3-54 shows the pinout of the DC503 cursor
chip and Table 3-18 lists the chip signals and their description.
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Figure 3-53: DCS503 Cursor Sprite Chip
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Figure 3-54: DCS503 Cursor Sprite Chip Pinout
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NIBCLK

VS410 System Module Detailed Description

0CS503
—+ 4
—+ 42
— 43
—t 44
— 1
-2
-+5
s DAL
-+ 27
-+ 26
—+ 25
—t 24
—+23
—t 22
—+19
— 18
- 10
—+9
—+8
— 7
—Cr—ﬂ
14
15
—+17
116
—+13
39 4—
381+
X7 4
36 4—
354—
291+
304—
3+
324—
334—
344

CURAO
CURA1
CURA2
CURA3
NOT USED

CURBO
CURB1
CURB2
CURB2
NOT USED

CURTST

MAX- 088387

3-115



Table 3-18: DC503 Cursor Sprite Chip Pin Description

Signal Pin  Description Signal Pin Description
BDAL15 41 Data bus bit 15 BDAL14 42 Data bus bit 14
BDALI13 43 Data bus bit 13 BDALI12 44 Data bus bit 12
BDAL11 1 Data bus bit 11 BDALI10 2 Data bus bit 10
BDALQ9 5 Data bus bit 9 BDALOS 6 Data bus bit 8
BDALO7 27 Data bus bit 7 BDALO6 26 Data bus bit 6
BDALOS 25 Data bus bit 5 BDALO4 24 Data bus bit 4
BDALO3 23 Data bus bit 3 BDALO2 22 Data bus bit 2
BDALO1 19 Data bus bit 1 BDALOO 18 Data bus bit 0

VDALO5 10 Address bus bit 3 VDALO4 9 Address bus bit 2
VDALO3 8 Address bus bit 1 VDALO2 7 Address bus bit 0

VAS 11 Address strobe CURSEL 14 Data strobe
BWRITEO 15 Write enable HSYNC 17 Horizontal sync
BLANK 16 Blank NIBCLK 13 Clock input
CURAO 39 Plane A bit 0 CURAL 38 Plane A bit 1
CURA2 37 Plane A bit 2 CURA3 36 Plane A bit 3
CURAQ 29 Plane B bit 0 CURA1 30 Plane B bit 1
CURA2 31 Plane B bit 2 CURA3 32 Plane B bit 3

CURTST 34  Test pin

3.6.2 Cursor Coordinate Offsets

The visible raster is 1024 pixels wide in the X direction and 864 lines high in
the Y direction. The nominal range of cursor coordinates is 0 through 1023
(left to right) and 0 through 863 (top to bottom). An offset must be added to
nominal raster coordinate values before loading the values into the cursor
position and region limits registers, because the X and Y position counters
are reset at some time prior to the beginning of the visible display. The
offset values are listed in Table 3-19.
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Table 3-19: Cursor Coordinate Offsets

Offset Value
X offset 216 pixels
Y offset 33 lines

For example, to display a sprite cursor with its upper left corner in pixel 100,
line 300, a program must load CUR XPOS with (100 + 216) and CUR YPOS
with (300 + 33).

3.6.3 Cursor Generation

The cursor can take two forms: a 16-bit by 16-bit pattern (sprite), or a
crosshair whose lines may extend to the edges of the visible raster or may
be clipped to a programmed region. The cursor hardware uses a DC 503
programmable sprite cursor chip which generates two display planes called
the A and B planes. Bits from these planes are combined with bits from the
data plane and the possible combinations are listed in Table 3-20.

Table 3-20: Cursor Generation Values

Data Aplane Bplane Displayed Cursor appearance

0 0 0 Black Invisible

0 0 1 Black Black

0 1 0 White Inverted data
0 1 1 White White

1 0 0 White Invisible

1 0 1 Black Black

1 1 0 Black Inverted data
1 1 1 White White

3.6.4 Cursor Control Registers
The cursor chip contains the following programmable elements:

* Two 16-word arrays to store a 16-bit by 16-bit sprite pattern for each
cursor plane.

* X and Y position registers to control where the cursor pattern is
displayed in the raster.
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* Two region detectors, each of which defines a rectangle in the raster
which can be used to clip the display of a crosshair cursor.

* A control register which determines how the cursor is generated.

To a program, the cursor chip appears as 12 write-only registers, each one
word (16 bits) wide. These registers should always be written with word-
access instructions; they cannot be read (hence read-modify-write instruc-
tions such as BIS cannot be used). The register’s contents after power-up
are indeterminate. The addresses and names of the registers are listed in
Table 3-21.

Table 3-21: Monochrome Cursor Control Registers

Address Name Note Function

200F.0000 CUR CMD Cursor command register
200F.0004 CUR XPOS D Cursor X position
200F.0008 CUR YPOS D Cursor Y position
200F.000C CUR XMIN 1 D Region 1 left edge
200F.0010 CURXMAX1 D  Region 1 right edge
200F.0014 CUR YMIN 1 D Region 1 top edge
200F.0018 CUR YMAX 1 D Region 1 bottom edge
200F.002C CUR XMIN 2 D Region 2 left edge
200F.0030 CUR XMAX 2 D Region 2 right edge
200F.0034 CUR_YMIN 2 D Region 2 top edge
200F.0038 CUR YMAX 2 D Region 2 bottom edge
200F.003C CUR LOAD Cursor sprite pattern load

In order to prevent unsightly effects on the display, the registers marked
"D" in the Note column are buffered, as are some of the bits in the cursor
command register. The processor may write into such a register or bit at any
time (except within three horizontal scan times following the beginning of
vertical blanking), but the new value takes effect only at the beginning of the
next vertical blanking interval. Since the processor receives its end-of-frame
interrupt signal three line times after vertical blanking begins, a program may
ensure that it has ample time to perform a multi-register update by waiting
for the end-of-frame interrupt before starting to load new values. From the
time of the interrupt, it has nearly an entire frame time (16.612 milliseconds)
to load the registers.
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3.6.5 Cursor Command Register (DUR CMD)

The cursor command register is a 16-bit write-only register at address 200F.0000.
As in the preceding list of cursor registers, the bits marked with "D” in Fig-
ure 3-55 are buffered and do not take effect until the beginning of the next
vertical blanking interval.

Figure 3-55: Cursor Command Register (CUR CMD)

16 14 13 12 11 10 9 8
TEST | HSHI | VBHI |[LODSA [FORGZ |ENRG2 [FORG1 [ENRG1
D D
7 6 & 4 3 2 i 0
XHWID [XHCL1 |XHCLP [XHAIR | FOPB | ENPB | FOPA | ENPA
D D D D D D

Data Bit Definition

TEST Diagnostic test (bit 15). This bit must be 1 for normal operation.
When this bit is 0, the chip is placed in test mode, which is discussed
below.

HSHI Horizontal sync polarity (bit 14). This bit must be 1 to indicate to the
chip that the horizontal sync input from the video controller is active
high.

VBHI Vertical blanking polarity (bit 13). This bit must be 1 to indicate to
the chip that the vertical blanking input from the video controller is
active high.

LODSA Load/display sprite array (bit 12). When this bit is 0, the cursor sprite
is displayed normally from the contents of the sprite arrays. When
this bit is 1, display of the sprite is inhibited and the sprite arrays can
be loaded by successive writes to the CUR LOAD register. Upon the
transition of LODSA from 1 to 0, the internal array address counter
is reset so that the next write to CUR LOAD will load the top row of
sprite plane A.
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Data Bit

Definition

FORG2

ENRG2

FORG1

ENRGI1

XHWID

XHCL1

XHCLP

XHAIR

FOPB

Force region detector 2 output to 1 (bit 11). When this bit is 1, the
output of region detector 2 is forced to 1 (true). When this bit is 0,
the detector operates normally,

Enable region detector 2 (bit 10). When this bit is 0, the output of
region detector 2 is inhibited; it is 0 (false) unless the FORG2 bit is
also set, which takes precedence and forces the output to 1 (true).
When ENRG2 is 1, the detector operates normally.

Force region detector 1 output to 1 (bit 09). When this bit is 1, the
output of region detector 1 is forced to 1 (true). When this bit is 0,
the detector operates normally.

Enable region detector 1 (bit 08). When this bit is 0, (false) the output
of region detector 1 is inhibited; it is 0 unless the FORG1 bit is also
set, which takes precedence and forces the output to 1 (true). When
ENRGT1 is 1, the detector operates normally,

Crosshair cursor line width (bit 07). When this bit is 0, the crosshair
cursor lines are one pixel wide. When this bit is 1, the lines are two
pixels wide. The extra pixels are added to the right of and below
the pixels which lie on the lines corresponding to the cursor X and Y
positions.

Select crosshair clipping region (bit 06). If this bit is 1, region detector
1 is used to clip the crosshair cursor; if it is 0, region detector 2 is
used. This bit is effective only if the crosshair cursor is selected (bit
XHAIR is 1) and crosshair clipping is selected (bit XHCLP is 1).

Clip crosshair inside region (bit 05). If this bit is 1, the crosshair cursor
is clipped so that it is displayed only within the region selected by the
XHCL1 bit. If this bit is 0, the crosshairs extend to the edges of the
displayed raster. This bit is effective only if the crosshair cursor is
selected (bit XHAIR is 1).

Crosshair/sprite cursor select (bit 04). If this bit is 1, the cursor chip
generates a crosshair whose lines intersect at the cursor X, Y position.
If this bit is 0, the cursor chip generates the sprite pattern with its
upper left corner at the cursor X, Y position.

Force cursor plane B output to 1 (bit 03). When this bit is 1, the output
from cursor plane B is forced to 1 throughout the display, regardiess
of the settings of bits ENPB, XHAIR, XHCLP, XHCL1, XHWID, and
of the contents of the sprite plane B array. When this bit is 0, the
cursor is displayed normally.
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Data Bit Definition

ENPB Enable cursor plane B (02). When this bit is 0, the output from cursor
plane B is inhibited; it is 0 throughout the display. When this bit is 1,
the output from cursor plane B is displayed normally.

FOPA Force cursor plane A output to 1 (bit 01). When this bit is 1, the output
from cursor plane A is forced to 1 throughout the display, regardiess
of the settings of bits ENPA, XHAIR, XHCLP, XHCL1, XHWID, and
of the contents of the sprite plane A array. When this bit is 0, the
cursor is displayed normally.

ENPA Enable cursor plane A (bit 00). When this bit is 0, the output from
cursor plane A is inhibited; it is 0 throughout the display. When this
bit is 1, the output from cursor plane A is displayed normally.

3.6.6 Loading the Cursor Sprite Pattern

The cursor sprite pattern is stored in two arrays, each made-up of sixteen
16-bit words. Each word of an array is displayed as 16 pixels on a scan line
with bit 0 (least significant) in the leftmost display position. All 32 words are
loaded by writing to the CUR LOAD register. An internal address counter
in the chip is incremented after each write to point to the next word in the
array to be loaded.

Cursor command register bit LODSA controls access to the sprite arrays.
When this bit is 0, the arrays are read during normal raster scanning to
display the sprite pattern. When LODSA is 1, normal display of the sprite
is inhibited and data can be written into the arrays. Changing LODSA from
1 to 0 resets the internal array address counter. The next write to CUR_
LOAD loads the top line of the A plane array; the next fifteen writes load
its remaining lines. The 16th through 32nd writes load the B plane array
from top to bottom. When loading is completed, cursor command register
bit LODSA must be reset to 0 to resume normal sprite display.

Loading the sprite arrays should be synchronized by waiting for the end-of-
frame interrupt so that loading is done during the vertical blanking interval.

NOTE: Only writes to CUR LOAD advance the address counter. Any of the other
registers of the cursor chip may be written to while the sprite arrays are being loaded.
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3.6.7 Cursor Region Detector

There are two region detectors, 1 and 2, each of which defines a rectangular
area of the raster which can be used to clip the display of a crosshair cursor.
Each region detector is programmed by setting four registers: CUR XMIN,
CUR XMAX, CUR YMIN, and CUR YMAX. The horizontal boundaries of a
region are controlled by the CUR X... registers and can be specified only
to a four-pixel boundary: the least significant two bits of their contents are
ignored and the system behaves as if those two bits were always 0. The
vertical boundaries are controlled by the CURY... registers and can be
specified to any line boundary. The offsets described in Section 3.6.2 must
be applied to the values loaded into these registers.

The contents of the ... MIN registers determine the leftmost pixel or topmost
line in a region. The contents of the .. MAX registers determine the first
subsequent pixel or line which is no longer in the region. In other words,
a ..MAX register should be loaded with the sum of the ... MIN value and
the width or height of the region. The contents of a ... MAX register must
always be greater than those of its corresponding ...MIN register.

3.6.8 Displaying a Sprite Cursor

A 16-by-16 pixel sprite cursor is displayed when cursor command register
bit XHAIR is cleared to 0. The displayed position of the upper left corner
of the sprite is controlled by the contents of the CUR XPOS and CUR YPOS
registers. The values loaded into these registers must include an offset as
described in Section 3.6.2. The cursor may be positioned at any pixel in
both axes and may be positioned so that part of it falls outside the visible
raster.

3.6.9 Displaying a Crosshair Cursor

A crosshair cursor is displayed when cursor command register bit XHAIR
is set to 1. This cursor consists of a vertical line and a horizontal line which
cross at the point determined by the contents of the CUR XPOS and CUR_
YPOS registers. The values loaded into these registers must include an
offset as described in Section 3.6.2. The cursor may be pesitioned at any
pixel in both axes.

Cursor command register bit XHWID controls the width of the lines. If
XHWID is 0, the lines are 1 pixel wide. If XHWID is 1, the lines are doubled
in width by adding another line one pixel to the right of the vertical line and
below the horizontal line.
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The length of the lines is controlled by cursor command register bit XHCLP.
If XHCLP is 0, the lines extend the full width and height of the raster. If
XHCLP is 1, the lines are clipped by the region detector selected by cursor
command register bit XHCL1: a 1in XHCLI selects region 1 and a 0 selects
region 2.

3.6.10 Controlling Cursor Plane Outputs

For each cursor plane (A and B), there are two bits in the cursor command
register which control each plane’s output, the enable bit and the force bit.
The enable bit for plane A is ENPA and the enable bit for plane B is ENPB.
If either of these is 1, normal cursor data (sprite or crosshair) is generated
for the corresponding plane. If either of these is 0, the corresponding plane
output is always 0. Setting both of these bits to 0 suppresses the cursor
display so that the screen shows only the contents of the data plane. These
bits are buffered so that they take effect only at the start of a vertical blanking
interval.

The force bit for plane A is FOPA and the force bit for plane B is FOPB.
If either of these is 1, the output of the corresponding plane is always 1
throughout the entire display raster regardless of the state of the plane’s
enable bit. The force bits are not buffered. They take effect immediately
upon loading. These bits must be 0 for normal display operation.

3.6.11 Blanking the Display

The screen may be blanked without disturbing the display data plane or
the cursor by using the cursor plane control bits to force the output of the
B plane to 1 (set cursor command register bit FOPB) and the A plane to 0
(clear cursor command register bits FOPA and ENPA).

3.6.12 Cursor Chip Test

The cursor chip has a test flipflop which can be used to verify that the chip
is functioning correctly. The state of this flipflop appears in bit 4 of the con-
figuration and test register CFGTST. The value of this bit is the complement
of the flipflop output, so a flipflop value of 0 appears as a 1 in bit 4 and vice
versa.

To activate the test feature, cursor command register bit TEST must be
cleared to 0. The test flipflop is cleared to 0 whenever the cursor com-
mand register is written to. The test flipflop is set to 1 by the logical OR
of the outputs from cursor plane A, cursor plane B, region detector 1, and
region detector 2.
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Note that a test requires one full frame time to execute. A test procedure
should wait for an end-of-frame interrupt, set up the test conditions, wait
for another end-of-frame interrupt, write to the cursor command register to
clear the test flipflop, wait for the next end-of-frame interrupt, and then look
at the test flipflop value.

3.6.13 Power-Up Initialization
Power-up initialization sets the following to true.
* Controller select register VDC SEL is 00h.
* End-of-frame interrupt is masked off.
¢ Display origin register VDC ORG is 00h.
* Cursor chip register contents are indeterminate.
* Data plane storage contents are indeterminate.

The cursor chip requires two vertical blanking cycles to perform internal ini-
tialization before its registers can be loaded. To provide a clean appearance
on the monitor, the startup code should wait for at least 50 milliseconds (for
cursor chip internal initialization) and then set cursor command register bits
TEST, HSHI, VBHI and FOPB to 1 and clear the others. This sets the proper
sync signal polarity and blanks the screen by forcing the B plane output to
1 and the A plane output to 0.

NOTE: The cursor command register bits TEST, HSHI, and VBHI must always be
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