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| rdering Information

CIO2 Chip

Contact your AT&T Technologies Sales Account Representative
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nternal ordering: part code 327CA rev?2
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Feature Card PC Board
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01) 329-3605
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e S w B e B
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Price (not loaded) ~§30
(loaded) ~8§250

Extender Board

arlon Z. Kasprzyk

T&

ickory Ridge Training Ctr.
195 Summerhill Drive

isle, I11. 60532

312) 971-5195

ornet 323-5195
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PROFILE: UNIX SYSTEM
AT& T 3B2 Computer Hardware
Interface Cards for OEM Designersp
COURSE UC2302— STUDENT GUIDE

COURSE HISTORY

None

COURSE DESCRIPTION

This course provides a description of the hardware/ software interface
requirements for the AT&T 3B2 Computer mcluding I/0, mnterrupt

priorities, and direct memory access.

PREREQUISITES

AT&T 3B2 Computer Hardware Overview course (UC2301). Knowledge of
"C" language and some assembler. Knowledge of hex and binary encoding
and microcomputer hardware operations or a course on the WE32000
architecture.

TARGET POPULATION

Persons who require hardware specifications to design and (or) maintain
- system interface cards.

COURSE LENGTH

five days

AT&T Technologies, Inc.
All Rights Reserved



PROFILE: UNIX SYSTEM
3B2 Computer Hardware

Interface Cards for OEM Designers
COURSE UC2302— UDENT GUIL

Upon completion of this course the student will be able to:

. Design programmed and intelligent feature cards for the AT&T
3B2 Computer.

2. Pinpoint potential design problems before designing the board.
3. Use the I/O Bus incorporating the proper handshaking protocol.

AT&T Technologies, Inc.
All Rights Reserved
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10.1 UNIX SYSTEM — AT&' T ZEZ2 Computer Hardware Interface Cards for OEM Designers
SG Issue 8/85 CPU - Input/Output Interface

CPU - INPUT/OUTPUT INTERFACE

on completion of this unit the student will be able to:

. Describe major components and features of the AT& T 3B2 computer.

. Identify and differentiate between programmed and intelligent feature
cards for the 3B2 computer.

. Describe the 3B2 system board, dual port dynamic random access
memory, and addressing protocols.

. Interpret and implement pre-design considerations before building a
new board.

. Define I/O Bus signals and examine their application using a dual trace
oscilioscope.

. Manipulate 3B2 feature card timing signals.

AT&T Technologies, Inc.
All Rights Reserved




UNIX SYSTEM — AT&T 3B2 Computer Hardware Interface Cards for OEM Designers 1.1.0
CPU - Input/Output Interface ' ' SG Issue 12/85

UNIT 1

CPU - INPUT/OUTPUT INTERFACE

lLesson 1

Course Overview

AT&T Technologies, Inc. ~
All Rights Reserved



1.1.1 UNIX SYSTEM — AT&T 3B2 Computer Hardware Interface Cards for OEM Designers
SG  Issue 12/85 CPU - Input/Output Interface

This diagram will be used to show the relationships between the various
parts of the course and which topics will be covered next. The first two
lessons will be a general overview of the AT&T 3B2 Computer.

AT&T Technologies, Inc.
All Rights Reserved




UNIX SYSTEM — AT&T 3B2 Computer Hardware Interface Cards for OEM Designers 1.1.2
CPU - Input/Output Interface : SG Issue 12/85
' 2302 Outline
rogrammed | Design Tools Intelligent | ; Feat. Card
. Feat. Card || | Feat. Card | | Construction |
- 3 — ----i _g——'-— - T m———— ]
o Software
Initialization | ,
' Interrupts Busmaster
Queues
I — smavro—— S - :
Interrupts

AT&T Technologies, Inc.

1ights Reserved



L

1.1.3 NIX SYSTEM — AT&T 3B2 Computer Hardware Interface Cards for OEM Designers
SG  Issue 12/85 CPU - Input/Output Interface

MAJOR COMPONENTS - 3B2/300/310 COMPUTERS

e System Board
e Hard Disk Drive
e I'loppy Disk Drive

e Power supply

AT&T Technologies, Inc.
All Rights Reserved
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UNIX SYSTEM — AT&T 3B2 Computer Hardware Interface Cards for OEM Designers

SG

CPU - Input/Output Interface

MAJOR COMPONENTS
3B2/300/310 COMPUTERS

POWER SUPPLY .

SYSTEM BOARD

FLOPPY DISK

HARD DISK

AT&T Technologies, Inc.

All Rights Reserved



1.1.5
SG

UNIX SYSTEM — AT&T 3B2 Computer Hardware Interface Cards for OEM Designers
Issue 12/85 CPU - Input/Output Interface

JOR COMPONENTS - 3B2/400 COMPUTER

e System Board

e Hard Disk Drive

e ['loppy Disk Drive

e Cartridge Tape Drive

e Power supply

'

""'\‘1'\-
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r i A
¥, 3 L

AT&T Technologies, Inc.
All Rights Reserved
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UNIX SYSTEM — AT&T 3B2 Computer Hardware Interface Cards for OEM Designers

CPU - Input/Output Interface

SG

MAJOR COMPONENTS

3B2/400 COMPUTER

POWER SUPPLY

HARD DISK

| FLOPPY DISK

| DRIVE
CARTRIDOGE
TAPE DRIVE

{
{

AT&T Technologies, Inc.
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FEATURES of the 3B2 COMPUTER

The AT&T 3B2 Computer is capable of supporting a wide range of
configurations and wusage options and is compatible with an office
environment. Up to four optional feature cards can be installed in the
3B2/300/310 to enhance its operation, and if four "Ports" cards are
installed, up to 18 users can be connected. The 3B2/400 Computer has
room for 10 additional feature cards, and if they were all "Ports" cards, 46
users could be connected.

The unbundling of the UNIX software through the use of UNIX System
Utility Packages allows the used to tailor the system to his own needs.
This gives more flexibility and control over costs and hard disk usage.

The 3B2 Computer comes equipped with a number of diagnostic programs.
Some of these are automatically run when power is turned on to insure
that all of the hardware is working correctly before you start to operate
the computer. If the hardware is "sane" the automatic configuration
system then checks to determine what peripheral equipment is installed.
Only those hardware drivers that are needed for the equipped devices are
then added to the UNIX kernel. When this automatic self configuration is
finished, the UNIX system is ready to run.

Passwords, file access permissions, and data encryption are all available to
insure the security of the data and software stored in the computer. The

user can control which of these security features are used to safeguard the
information.

The Simplified System Administration feature is particularly helpful to
first-time computer users. It allows inexperienced users to handle
administrative functions that have traditionally been performed only by
"super-users”". One of the Simple Administration procedures walks the user
step-by-step through the initial setup of the computer. Other procedures
lead the user through such tasks as adding new users to the computer,
formatting floppy disks, making backup copies of data, and installing
software packages.
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e Designed for Multi-Tasking
e Uses UNIX Operating System

e Optional UNIX System Utility Packages
e Automatic Diagnostics on Power-Up '

. e Automatic Execution of Operating System
on Power-Up

e Security System Provided

e Simplified System Administration

e Battery Time-Of-Day Clock

AT&'T Technologies, Inc.
All Rights Reserved
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HARD DISK DRIVE

The 3B2 computer can be ordered with either a 10, 30, or 72 megabyte
disk drive. It is used to store the operating system, diagnostic programs,
etc. When 1t is being shipped, the read-write heads may be locked. Be
sure to unlock the heads before applying power to the computer.

Specifications:

Speed 3600 RPM
Average Latency .33 milliseconds
Average Access Time
10 Megabyte Disk
30 Megabyte Disk
72 Megabyte Disk
Data Transfer Rate

Milliseconds

5 milliseconds
5 milliseconds

,000,000 bits per second

QU QU W O

AT&T Technologies, Inc.
All Rights Reserved
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HARD DISK DRIVE

- o5 1/4 inch Winchester

e [lither 10, 30, or 72 megabytes

e Non-removable medium

AT&T Technologies, Inc.
All Rights Reserved
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FLOPPY DISK DRIVE

The floppy disks that are used must be double-density, double-sided, soft
sectored, 96 tracks per inch, and free of defects. They should not be
inserted or removed when the light on the front of the disk drive is on.

In order to store information on the disk the write-enable notch on the left
edge of the disk must be uncovered. When this notch is covered the disk
is said to be "write protected.”

Specifications:

Tracks per Drive 160
Speed 300 RPM
Average Rotational Latency 100 milliseconds

Average Track Access Time 90 milliseconds
Data Transfer Rate 200,000 bits per seconds

AT&T Technologies, Inc.
All Rights Reserved
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FLOPPY DISK DRIVE

e 5 1/4 inch

e 720 kilobytes

e Removable medium

AT&T Technologies, Inc.
All Rights Reserved
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CARTRIDGE TAPE DRIVE

One of the uses of the Cartridge Tape Drive is for backing up the files on
the hard disk. Data is recorded on the tape in six streams or tracks, each
holding about four megabytes. The tape moves at 78 inches per second
while streaming, and to fill one cartridge tape with data from the hard
disk takes about 17 minutes.

A Cartridge Tape Drive can be used in a similar manner to a floppy disk
for holding a mounted file system. This would be useful for applications
such as data base log files or temporary work files.

The Cartridge Tape Drive can also be used to improve the access efficiency
of the hard disk. This is accomplished by first copying the file system
from the hard disk to the tape. The hard disk is then restructured and the
file system is copied from the tape back onto the hard disk.

The Cartridge Tape Drive interfaces with the 3B2 via a Cartridge Tape
Controller (CTC) card that must be installed in one of the I/O slots in the
3B2.
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CARTRIDGE TAPE DRIVE

e Used to Backup Hard Disk
o 23 Megabyte Capacity
e 1 MB/min Backup Speed -

e Removable 1/4 inch Tape
Cartridge

e O tracks -

treaming Mode

AT&T Technologies, Inc.
All Rights Reserved
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TYPES OF FEATURE CARDS

Feature cards can communicate with the system board or DPDRAM, but
not with another feature card.

Option straps are minimized through the use of unique feature card select
signals that the system board generates.

Feature cards must be installed in the I/O expansion board connectors
without any intervening empty connectors. This will allow the daisy-
chained bus acknowledge and interrupt acknowledge signals to reach all
cards.

The single slot feature cards are 6.45 by 7.40 inches, and the double slot
cards are 13.40 by 7.40 inches.

When the system board is I/O Bus master it can address either main
memory or a feature card. If a feature card is addressed, mutually
exclusive select lines are used to identify the card that is to be the slave.

In order to become bus master, a feature card must send a request to the
system board. When the system board acknowledges the request the
feature card will become bus master. While it is bus master, a feature
card can read or write the main memory (DPDRAM), but it can not access

the CPU or another feature card.

A feature card slot can also be used to hold a circuit board that is not
electrically connected to the I/O Bus. This card could draw its power
from the I/O connector, but the input and output signals would come via
cables from other feature cards or from external devices.
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TYPES OF FEATURE CARDS

e 8 bit or 16 bit data words
e One or two slots wide

e Programmed or Intelligent
e Can be bus master or slave

e Can use up to 10 watts per slot

AT&T Technologies, Inc.
All Rights Reserved
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PROGRAMMED (dumb) FEATURE CARDS

*

A programmed feature card is one that does not use request and
completion queues to communicate with the system board. Typically it
will not contain a microprocessor. '

A deadlock occurs when the system board and a feature card both attempt
to gain control of the I/O bus. The designer of the feature card must
include circuits to prevent this from happening.

An example of a programmed feature card would be a serial asynchronous
communication feature card consisting of eight dual UARTSs each having
16 byte-wide internal registers. This card would have 128 registers

addressable from the system board in addition to the four standard
registers.

Since programmed feature cards just use reads and writes to communicate
with the system board, no special firmware protocol is needed for them.
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PROGRAMMED (dumb
- FEATURE CARDS

e Does not use queues

e Usually slave devices, but may be bus
master after being programmed

e If it is a bus master, the feature card
must prevent any I/O bus deadlocks

e Can read or write DPDRAM

e Contains up to 4 standard registers that
can be read by the system board (L.D.,
Control, Status, and Interrupt

e May use a DMA controller as an aid in
transferring data to or from DPDRAM

AT&T Technologies, Inc.
All Rights Reserved
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INTELLIGENT (smart) FEATURE CARDS

Two examples of intelligent feature card are the Expansion Ports board
(CM 195B) and the Network Interface board (CM 195A). Both of these
cards use the Common I[/O circuit (CIO) to interface with the system
board. This circuit contains a 16-bit 80186 CPU, EPROM, RAM, and a
logic sequencer (sometimes called a state machine), and occupies
approximately 2/3 of the card. The remaining space is used for the
application circuit (in these two examples the Ports or Network Interface
circuits).

The queues are blocks of main memory (DPDRAM) that can be written by
the system board and read by the feature card or vice versa. The system
board fills the request queue with all of the job information that is needed
by the feature card and then sends a single interrupt to the feature card.
The feature card fills the completion queue while doing the job and then it
sends an interrupt to the system board to indicate that the completion
queue has been filled. This use of queues minimizes the traffic on the I/O
Bus, and the time that would be lost if the feature cards communicated
directly with the system board.
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INTELLIGENT (smart
- FEATURE CARDS

eContain a CPU and firmware

eRestricted interface with the system board

-One 8/16 bit register that can be
read by the system board

-Can read and write DPDRAM via
programmed access or DMA

-Communicate with the system board
by way of two one-way queues in

DPDRAM (Request queue and
Completion queue

-Interrupts are sent from one CPU to the
other CPU to signal a non-empty
queue

AT&T Technologies, Inc.
All Rights Reserved
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SYSTEM BOARD

Four sockets are provided for Read-Only Memory (ROM or EPROM) chips.
They can hold either 32K bytes or 64K bytes, depending on whether the
DEMON Debugging Monitor firmware i1s included. This memory is also
used for the self-test sanity checks, auto configuration, and system
initialization.

The nonvolatile memory is used to store system configuration parameters
such as terminal baud rates and the firmware password. It also stores error
information, in the event of a system failure, for later analysis. This CMOS

static RAM holds 1024 4-bit nibbles.

Three timers are on the board. The time-of-day (TOD) timer maintains a
time-of-day clock which provides the time in tenths of seconds, and 1s
accurate to within 1.3 minutes per month. The periodic (or interval) timer is
used to periodically interrupt the CPU. The bus timer is used to produce an
interrupt 1f some nonresponding address 1s accessed by either the system
board or an I/O Bus device.

The 3B2/300 operates with a clock speed of 7.2 MHz, while the model 310
and 400 have a 10 MHz clock.

The disk controllers provide data and access control for the disk drives. Data
transfers are accomplished under DMA control, while controller setup occurs
under programmed control.

A dual UART chip 1s used to provide the two RS-232-C ports for the console
and contty connectors on the back of the 3B2. |

The main memory is dual-ported; that is it can be accessed from two
different directions. The CPU uses one port, while the other port 1s used by
both the I/O Bus devices and the system board resident Direct Memory
Access Controller (DMAC).

The 3B2/310 and /400 have room to add the WE32106 Math Acceleration
Unit (MAU) co-processor that greatly improves floating point performance.

The system board (CM 190A, 190 B, or 190 C) dissipates 26 watts.

AT&T Technologies, Inc.
All Rights Reserved
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SYSTEM BOARD

- WE32100 or WE32002 Processor Module

with a Memory Management Unit (MMU)
Programmable Read-Only Memory
Nonvolatile memory

Timers A0V

Interrupt structure

7.2 or 10 MHz Clock

Controllers for the Floppy Disk and Hard Disk
Two integral RS-232-C ports

One or two vertically mounted memory boards

Dual-Ported Dynamic RAM (DPDRAM)

A vertically mounted I/ O Expansion Features
Board which supports up to four horizontally
mounted Feature Cards. (12 Feature Cards

R 00 IIl for | a M A U { ﬁiﬂ f fﬂ%} .fﬁf. ERP P - 5
| - i_ “ﬁ‘m’g‘ F B I{F_f \&%m 83; '3{{; i :f

AT&T Technologies, Inc.
All Rights Reserved



12.3 UNIX SYSTEM — AT&T 3
S8SG Issue 6/8S

MEMORY ADDRESSES

Memory words contain 32 bits plus 4 parity bits. (One for each byte.)
parity bits are calculated for each memory write operation, and automatically
checked on each memory read. Even parity is used. The bits in each word
are numbered from right to left. (LSB = 0, MSB = 31) An IBM-like byte
ordering called high-byte-first 1s used. When the CPU sends an address to
memory, an entire 32 bit word 1s read and placed on the data bus.

AT&T Technologies, Inc.
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W

DDRESSES

Address Bits
(HEX) 23 16

byte 2 byte 3

byte 0
000004 byte 4 byte 5 byte 6 byte 7

000008

00000C




The bus between the CPU and the DPDRAM is called the Microbus,
the bus to the feature cards i1s called the 1/ O bus.

AT&T Technologies, Inc.
All Rights Reserved



DUAL PORTDYNAMIC RANDOM
' ACCESS MEMORY
(DPDRAM)

!
l
!
}
i
i
i
|
!
i
|

-

Address (24)

L ]

CPU | Address (32)

MMU DPDRAM - Expansion

SR i e e AR demwr i W

Module [ Data (32) - Data (16) : Interface

T L ] -~y i whipaie i L T b L




o 4 ' . R

12.7 UNIX SYSTEM — AT&T 3B2 Computer Hardware Interface Cards for OEM Designers
SG Issue 6/85 CPU - Input/Output Interface

SYSTEM BOARD BLOCK DIAGRAM

The CPU used is the WE32002 or WE32 100 microprocessor module which,

like larger machines, uses a full 32 bits for its registers and buses. The
- Memory Management Unit accepts virtual addresses from the CPU and
translates them into physical addresses. This allows each process to have a
full four gigabyte virtual address space.

The Address Bypass Circuit i1s used to allow the CPU to reach across the
DPDRAM controller to communicate directly with the feature cards. The
Byte Rotate Unit provides data alignment and packing for mterfacing 8 and

16 bit feature cards to the CPU’s 32 bit data bus.

The Address Bypass Circuit and Byte Rotate Unit also allow the CPU to
access a group of circuits on the system board that are known as the DMA
Sub-system. The chip selects for these circuits are generated by the same
address decoder that produces the feature card select signals.

A unique feature card select signal 1s generated by the system board for each
I/0O slot, thus the feature cards do not have to decode the address bus

mmformation.

AT&T Technologies, Inc.
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CPU PHYSICAL ADDRESS SPECTRUM

The addresses from 200000 to 1ffffff (hex) are used by the system board to
access the feature cards. (In the 3B2/300 Computer only the addresses from
200000 to 9fffff are needed for the 4 feature cards.) When the CPU assert:
one of these addresses, one of the fifteen peripheral chip selects PCS[15-01]0
becomes active, identifying the card that 1s selected. The lower 24 bits of the
address are sent to the feature cards via the I/O bus.

EN

AT&T Technologies, Inc.
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CPU PHYSICAL ADDRESS SPECTRUM

0 - Address Description Width Size
_ 0 (EP)ROM - 32 32/64KB
| 40000 MMU -
41000 TOD Clock
42000 PIT (8253)
42010 CSR-6 Clear
43000 NVRAM
44000 CSR 1
45000 DMA Page Reg 1 (Hard Disk)
46000 DMA Page Reg 2 (UART A)
47000 DMA Page Reg 3 (UART B)
48000 Int. DMA Control (9517)
49000 UARTSs (2681)
49010 Cir UDMA Int.
4A000 Int. Disk (7261)
4B000 (Reserved)
4C000 DPDRAM Size Reg.
4D000  Floppy Disk (2797)
4E000 DMA Page Reg 4 (Floppy)
4F000 (Reserved)
200000 I/O Board 1 _ 8/16 2MB max |
400000 I/0O Board 2 " 8/16 2MB max |
600000 I/O Board 3 8/16 2MB max |
i 800000 I/O Board 4 | 8/16 2MB max |
| A00000 I/O Board 5 8/16 2MB max |
| C00000 I/O Board 6 8/16 2MB max
| E00000 I/O Board 7 8/16 2MB max
i 1000000 I/O Board 8 8/16 2MB max
| 1200000 I/O Board 9 -~ 8/16 2MB max ||
| 1400000 I/O Baoard 10 8/16 2MB max |
| 1600000 I/O Board 11 8/16 2MB max |
1800000 I/O Board 12 8/16 2MB max |
|1A00000 I/O Select 13 8/16 2MB max |
1 1C00000 I/0 Select 14 8/16 2MB max |
1E00000 I/O Select 15 8/16 2MB max |

- 16B
4B
1B
1KN
2B
1B
1B
1B
16B
16B
1B
2B

00 00 00 00 00 00 00 O\ £ = 00 00

1B
4B
1B

Q0 OO OO0
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FEATURE CARD OFFSET ADDRESSES

PROGRAMMED FEATURE CARD

The four registers shown are the standard ones that are used by programmed

feature cards. These cards can also use other registers to communicate with
the CPU.

The offset address 1s added to the base address for the selected feature card

slot (see page 1.2.10) to get the actual address that is sent out on the I/0
Bus.

eg: To access the status register of the card in slot 3 the address used would
be 600005. (A base address of 600000 for slot 3, and an offset of 5 for the
status register.)

INTELLIGENT FEATURE CARD

INTO performs two functions. On power-up or after a reset of the feature
card 1t 1s used to read the feature card identification code. After that its
function 1s to signal the feature card that there is an express job request entry
‘1n the request queue in the DPDRAM. INTO 1is therefore known as an
‘express’ interrupt. '

INT1 1s an ’attention’ interrupt that is used by the system board to indicate
to the feature card that there is a new entry in the job request queue. INT1
1s known as a 'normal’ interrupt.

By addressing the Status register of an intelligent feature card, that one card
can be reset without having any effect on the other feature cards.

AT&T Technologies, Inc.
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FEATURE CARD OFFSET ADDRESSES

PROGRA] D FEATURE CARD

entification
ntrol
Status
| Interrupt Vector

ENT FEATURE CARD

INTELLI

EGISTER | ACTION
AKEN

| OFFSET
ADDRESS

ID/ Vector

Control

* For a 16-bit Feature Card the offset address 1s zero for
the ID register. o

AT&T Technologies, Inc.



TS (DATA BUS)

The Byte Rotate Unit (BRU) on the system board provides the data
alignment and packing for interfacing 8 and 16-bit feature cards with the

2-bi n memory. Regardless of which device initiates the data transfer,
the feature card that indicates to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>