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Preface
This book 1is for engineers and technicians who test,
troubleshoot, and repair DEC MicroServer hardware. The book may
also be useful to specialists and service engineers who give
£™, technical support to customers.
' NOTE
This book is a DIGITAL internal document and
contains propriatry information. DO NOT use it
with, or show it to customers.
£ Document Structure
\ The book has five parts:
I Introduction -- 1is an overview of what the DEC
MicroServer is, what it’'s used for, and its major
components.
II Functional and Circuit Description -- is a detailed
~ description of the hardware.

¢ I1I Firmware -- is an overview of the On-Board Tests (OBT)
and other firmware in the DEC MicroServer.

IV  Troubleshooting -- provides help on how to trace faults
on the circuit boards and in the power supply.

Vv  Appendixes -- is a collection of reference information
backing up the main body of the book. This part also
contains a 1list of other books that have more
information on certain topics.

At the back of the book there is an index, and some pages for
your own notes.
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You can use the notes pages to write any information you may want
to add to the book (such as new troubleshooting hints). Since
the pages are loose leaf, you can move the notes into the main
body of the book.

How To Use the Book

This book is intended as a reference source, not as a tutorial on
the DEC MicroServer hardware. You can, however, use the book as
a backup to a detailed technical course.

When using this book, you’ll find it helpful to have the DEC
MicroServer Print Set and the Error Document available. Appendix
I gives the order numbers for these documents.

Many of the devices mentioned in this book are multi-purpose.
This book concentrates on the features of each device that the

DEC MicroServer uses. For further information on any device,
refer to the sources listed in Appendix I.

Number Bases

All addresses and offsets are in hexadecimal. All other numbers
are in decimal.

xxvi




DIGITAL Internal Use Only

PART I
INTRODUCTION







A
£ 4
g !

; er 1
The DEC MicroServer and its Uses

1.1 wWhat is the DEC MicroServer?

A server is a dedicated node on a Local Area Network (or LAN),
such as an Ethernet, that provides some form of service for all
other LAN nodes. The DEC MicroServer is a communications server
that gives access to synchronous communications services. Figure
1-1 shows an example of a DEC MicroServer in a LAN.

VAX VAX VAX | VAX

Y ==

Figure 1-1: Example of a LAN Containing a DEC MicroServer
Advantages of using the DEC MicroServer rather than providing
individual links to other nodes are:
o Nodes no longer have the overhead of managing the
communications links =-- this task is taken over by the
DEC MicroServer

© The number of links required can be minimized

o The links can be shared among all the LAN nodes
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o The use of the links can be maximized

1.2 General Features
The DEC MicroServer is based on MicroVAX chip technology and has:
© MicroVAX processor
o 1M byte of code/data RAM
o 1M byte éf I/0 buffer space
o Up to 256K bytes of firmware ROM
© 8K bytes of Non-volatile RAM (NVRAM) for error logging
© 4 synchronous communications ports
© 1 Ethernet port
The DEC MicroServer can handle data at speeds of up to 2M bits/s.
This range of speeds is split into three bands. 1In each band a
certain number of sockets can be used. Table 1-1 shows the three

bands, the number of 1lines available in each band, and the
identification of the sockets available. [1]

Table 1-1: Synchronous Ports Available at Various Data Speeds

tem—— e —————— o ———— o —————— +
| | | |
| Maximum Data | Number of | Ports to |
| Speed (in | Lines | Use ]
| bits/s) | Supported | i
o ————— - - e fem— e ————————— +
| | | i
| 0 to 64K | 4 1 0, 1, 2, 3 |
| | | |
| above 64K up | 2 | 0 and 1 |
| to 256K | | |
] ' | | |
| above 256K up | 1 | 0 only |
| to 2M | I |
Frm - ———————— o e ot e e ———— +

[1] These are raw data speeds that include protocol and user
information. The amount of wuser data will be less and
depends on the protocol overhead.

1-2




The DEC MicroServer and its Uses
DIGITAL Internal Use Only

So, ‘there is a trade-off between the line data speed and the
number of lines.
For more detailed specifications of the DEC MicroServer, see
Appendix D.
1.3 BAapplications
The DEC MicroServer can provide access to a wide range of
communications services, depending on the software it is running.
Typically, though, it is used to give access to a wide area
network, as Figure 1-2 shows.

; VAN w

DG Mosherar
g Figure 1-2: The DEC MicroServer Often Provides Access to a Wide

£ 0 Area Network

Some examples of the access that a DEC MicroServer can provide
are:

1. DECnet/SNA Gateway =-- provides communication between
nodes in a DECnet network and those in an IBM SNA
network.

2. X.25 Router -~ provides access to a PSI network such as
PSS, TELENET, or TYMENET.

3. DECnet Router -- provides a number of widely separated

LANs to be connected as a single DECnet network. The
Router manages the flow of information through the

1-3
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network.

1.4 Operation

To give the customer as much flexibility as possible, the DEC
MicroServer’s software runs in RAM rather than being encoded in
ROM. This means that the software has to be loaded from
somewhere. The DEC MicroServer has no mass storage of its own,
and so it depends on a host node elsewhere on the LAN to hold the
software.

On power up, the DEC MicroServer broadcasts a message on the LAN
asking for its software to be loaded. All other nodes on the LAN
examine their DECnet databases to see if they are to act as a
load host for the DEC MicroServer. Any that are load hosts can
send a reply indicating that they can load the unit.

In many cases, only one host replies (in fact, most installations
have only one 1load host), but if two or more were to reply the
DEC MicroServer would choose the first to answer.

Once a host is selected, the DEC MicroServer begins to receive
the software from the host. Typically, the host will hold the
software on one of its disks and sends it (together with any
configuration data) to the DEC MicroServer over the LAN.

Once the load is complete, the DEC MicroServer can start
executing the software.

1.5 The Rest of this Book

This chapter has provided some background information on the DEC
MicroServer and the tasks it performs. The remainder of this
book provides a detailed description of the unit and its
circuitry. The next chapter describes the major physical
components of the DEC MicroServer. Then there’s a detailed
functional description followed by a description of the firmware.
Appendixes at the back of the book give you reference
information.

1-4
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Chapter 2
Major Components and Specifications

2.1 Overview

This chapter covers the general construction of the DEC
MicroServer:

o Size, shape, and construction of the box and casing
o Layout of items on the back panel
o Construction of the communications sockets
o Layout of the circuit boards
o General construction of the power supply
This chapter does not give details of how the DEC MicroServer is

built from its components. This information is kept by the
manufacturing plants.

2.2 Box and Casing

The DEC MicroServer uses the standard corporate box as its
housing (Figure 2-2 shows the box dimensions). The box itself is
enclosed in plastic casing that allows the unit to be free
standing. The DEC MicroServer can also be mounted in a rack, by
removing the plastic casing and attaching a pair of rack mounting
brackets.

Figure 2-1 shows the construction of the enclosure.
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—

Figure 2-1: The DEC MicroServer Box and Casing

Figure 2-2 shows the dimensions of the box with and without the

plastic enclosure.
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Cased 3 3cm

Wagnt
98ag
(21 oy

A3 4 em
(194 .y

Rack Mounted

Weght
13%g
118 thw)

Figure 2-2: The Dimensions of the DEC MicroServer

The box contains the circuit boards, power supply, panel display,
and communications sockets. All the sockets and the panel
display are on the back panel.

The following sections give more information on the construction
of the major elements.

2.3 Back Panel

Figure 2-3 shows the layout of the DEC MicroServer’s back panel.
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Circunt breaker Voltage setting Synchronous ports Display

71

’ 1
,,,,, y ®:

7 /F

Power socket Ethernet port Dumb switch

Figure 2-3: Layout of the Back Panel

2.4 Communications Sockets

As Figure 2-3 shows, the DEC MicroServer has 5 communications
sockets:

¢ 1 Ethernet connection
¢ 4 Synchronous communications connections
The synchronous sockets are mounted on the chassis and attached

to a distribution panel. The Ethernet connection is also mounted
on the chassis, but does not use a distribution panel.

2.4.1 Ethernet Socket

The Ethernet socket is a 15-way D-type which accepts a
transceiver cable. If the unit is to be connected to a LAN
conforming to the IEEE 802.3 standard, the transceiver is assumed
to handle the conversion between that standard and Ethernet.

=
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2.4.2 Synchronous Connections
Physically, the four synchronous connections are identical.
Functionally, the difference is in the speeds that each can
operate, as Section 1.2 shows.

Figure 2-4 shows the allocation of the pins on the synchronous
sockets.

PIN 1 PIN 34

0000000600000000
00000000000000
000000000000000

nN17 | mmso
PN 33

Figure 2-4: Pin allocation of the Synchronous Communications
Sockets
2.5 Circuit Boards
The DEC MicroServer contains four circuit boards:
o Main logic module
o Distribution panel
o Synchronous support logic
o Power supply
Sections 2.5.1 to 2.5.3 give more information on the main logic

module, the distribution panel, and the synchronous support logic
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boards. Section 2.6 provides information on the power supply.

2.5.1 Main Logic Module

The main logic module is a 26.4 cm by 38.6 cm (10.4 in. by 16
in.) board that contains most of the DEC MicroServer’s logic.
Figure 2-5 shows the layout of this module, and highlights the
position of some of the major components.

™S 32020

Figure 2-5: Layout of the Main Circuit Board

The board is supported by 8 standoffs (3 on each shorter edge of
the board, and 1 on each longer edge) and by 6 rubber bumpers, as
Figure 2-6 shows. (Note that the standoffs and bumpers are not

shown to scale.)
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Main Logic
Board

] ® n ® =n /

n 9o [ ]

(] ® = ® =

Figure 2-6: Standoffs and Bumpers Supporting the Main Logic
Module
2.5.2 Distribution Panel

The distribution panel is a 26.4 cm by 9.7 cm (10.4 in. by 4
in.) board that contains:

o The 50-way synchronous connectors
o The panel display

¢ The level conversion components for the transmit and
receive circuits on all synchronous ports

Figure 2~7 shows the layout of this board.
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Figure 2-7: Layout of the Distribution Panel
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The board is mounted on the chassis behind the back panel, and is
held in place by the fixing screws on the 50-way connectors.

2.5.3 Synchronous Support Logic (SSL)

The synchronous support logic is on a 26.4 cm by 19.3 cm (10.4
in. by 8 in.) board and consists of:

o Bit rate generators

0 Receive FIFOs

o Transmit synchronizers

o Multiplexing and loopback logic

Figure 2~-8 shows the layout of this board.

el =3 &3 ==
C:nL:Lchj' 3= B
C:BE%%ﬁ@LgLﬂuzjzjaanLJtﬁll‘C:*
=3 (o el (E3 Ty ==
m{ i l(m{ﬂm?}agu ™ gmmi
E’@@m 5‘!&-1!{«:{{”'{{:@’@3
Lo [ e ﬂm{’( ™ ?’”E‘:’

E:][ i %LgLJLg;ﬂczzl ) s'FE%?E;i
(e c:}ga;::ht:j UﬁJLJLer E y
CE:E:"B [ ril sewﬂ 19 ji{ [ j i ;
o g R o oo T s R §
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Figure 2-8: Layout of the Synchronous Support Logic

The board is mounted above ‘the main logic module. Five pillars
keep the board separate from the main logic module, as Figure 2-9
shows (note that the standoffs are not to scale). Electrical
connection is through a 145-pin socket, with an extra pin
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.

providing orientation.

SSL Board

] {? [ / (trom above)

8  Sancoft Pllars
[ 1457 socke

Figure 2-9: Standoffs and 145-Pin Socket Supporting the
Synchronous Support Logic Board

2.6 Power Supply

The DEC MicroServer draws power from the local AC mains. An
internal power transformer (part number: 54-15086-02) provides
the DC voltages listed in Table 2-1.

Table 2-1: DC Voltages

b —————— o ——————— tm—————————— +
I | | | -
| Voltage* | Typical | Maximum |

] | Current | Current |

o e e o e e dom e ———————— +

| | | I

| +5 VvV i 11 a | 16 A |

- ————— frmm— .. ———— trmm - ——. +

i +12 Vv | 1.9 A | 3 A ]

e, ———— R o ———————— +

| -12 Vv ] 0.5 A | 1A |

e ———— o —————— o o e e +

| |

| *All DC voltages have a tolerance |

| of +/- 5% |

o e o e e e e o o e e e +

2-10
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The table alsoc shows the current supplied on each voltage rail,
The middle column lists the current typically drawn by the DEC
MicroServer when in use. This figure includes 1 A at 12 V for
the Ethernet connector. The right hand column lists the maximum
current the power supply can deliver for each voltage.

The power supply is a 208 W unit that can operate from 120 V or

240 Vv AC mains at either 50 Hz or 60 Hz. Table 2-2 lists the
amount of current used at these AC voltages.

Table 2-2: AC Power Consumption

fom————————— tom e ———— +
{ | |
| AC Voltage | Typical |
| | Current |
e ————— tmm—— e ———— +

| |
| 120 v | 1.25 A |
| 240 V | 0.60 A |
o —————————— o ———————— +

The DC power is passed to the main logic board through a 15-way
wiring harness.
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PART II

FUNCTIONAL AND CIRCUIT DESCRIPTION







Chapter 3
System Architecture

3.1 Overview

The following sections explain the architecture of the DEC
MicroServer, showing:

© The functional blocks that make up the system
© The way those blocks are connected together

© How the blocks communicate with one another

0 How the system operates as a whole

Succeeding chapters give more details of the content and function
of each block.

3.2 General Architecture

At the most basic level, the DEC MicroServer has two parts,
connected as shown in Figure 3-1.

MicroVAX,
memory and DMA Sync?/gnous
Ethernet VO

Figure 3-1: The Major Divisions of the DEC MicroServer
Architecture
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The DMA devices connect the parts together allowing them to
communicate and work in parallel. In addition, they allow the
MicroVAX processor to control the synchronous ports. :

Sections 3.2.1 and 3.2.2 show each side in more detail. Section
3.2.3 gives some information on the DMA devices, and Section
3.2.4 gives a complete picture of the architecture.

3.2.1 MicroVAX Side

Figure 3-2 shows the major blocks on the MicroVAX side of the
architecture. The figure also shows how the blocks are connected

together.

8 To DMA
S
Ethemet
Port
Buffer
Ram
Registers
Isolator
[+
2| ] e
%
=
1 NVRAM
MicroVAX Firmware
Processor | PROM
|
VIC L %w

Figure 3-2: Architecture of the MicroVAX Processor, Memory and
Ethernet Interface

3-2
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Notice that there are two major buses:
¢ MicroVAX bus

o I_O bus

Both are 32-bit DAL buses, and the following sections show what'’s
in each.

3.2.1.1 MicroVAX Bus - The major blocks on this bus are:

© MicroVAX Processor and Vectored Interrupt Controller
(VIC) -- providing overall control of the system

o System RAM -- 1M byte of storage holding the system’s
operational software

o Firmware PROM -- holding the system’s firmware and
on-board test ‘

o Non-Volatile RAM (NVRAM) -- holding permanent system
parameters and error information

© System Registers -- providing overall control/status
information (includes the seven-segment display on the
unit’s rear panel).

3.2.1.2 I_O Bus - The major blocks on this bus are:

o Ethernmet Interface ~-- providing access to the Ethernet
and the host computers

o Buffer RAM -- 1M byte of storage that holds data
received from, or about to be sent to, one ¢of the 5
communication ports

3.2.1.3 Why Two Buses? - Both are basically MOS buses, and so
have limited drive capabilities. This makes it difficult (if not
impossible) to connect all the major blocks to a single bus.
However, there are alsoc performance benefits in using two buses.

The two buses can work independantly, which maximizes bus
bandwidth. For example, the MicroVAX can execute code at the
same time as data from a synchronous port is being put in the
Buffer RAM through the DMA devices.

3-3
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The only time that the buses need to synchronize (and act as a
single bus) is when the MicroVAX processor needs to access
devices on the I_O bus (to control the Ethernet 1Interface, for

example) .

3.2.2 Synchronous I/0 Side

Figure 3-3 shows the major blocks on the Synchronous I/0 side of

the architecture. The figure also shows how the blocks are
connected together.
To DMA
Devices
/O Ports |—
* Qand 1
e | | S—
m s
és /O Ports |—
2and 3
Bus S
] Isolator
o
2
| ™S RAM
TMS 32020
Processor
Modem
- trol
isters

Figure 3-3: Architecture of the Synchronous I/O Ports

Again, there are two major buses:

© 8CC bus

ey
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o TMS bus

The SCC bus is a multiplexed 17-bit address, 16-bit data bus
(similar to the MicroVAX and I_O buses ) using one set of lines
for both data and addresses. The 1l6-bit TMS bus, on the other
hand, has separate address and data lines to match the
requirements of the TMS processor.

The following sections show what’s connected to each bus.

3.2.2.1 SCC Bus - The SCC bus has the four synchronous ports
that provide access to the wide area communications network. The
devices used mean that the ports are grouped in two pairs.

3.2.2.2 TMS Bus - This bus has the following blocks:

o TMS processor -- providing overall control of the
synchronous ports

© TMS RAM -- memory that holds the code and data for the
TMS processor

© Modem control registers -- allowing the TMS processor to
set up (and read) the modem control signals

3.2.2.3 ¥Why Two Buses? - The TMS processor has a different
architecture to all other parts of the system, in particular its
use of a 16-bit bus. Therefore, the DEC MicroServer needs two
buses. However, the DEC MicroServer gains from this arrangement
because of the benefits of parallel operation.

The two buses can work independently so that the TMS can execute
code while data passes through the synchronous ports. The two
buses need to synchronize when the TMS processor wants to access
the ports or the Buffer RAM on the I_O bus. Synchronization is
also necessary if the MicroVAX needs to access the TMS bus.

' This, however, can happen only under certain circumstances.

3.2.3 Position of the DMA Devices
The main function of the DEC MicroServer is to transfer data

between its 5 communications ports. All data must pass through
the Buffer RAM, so the best place to put the DMA devices is as

3-5
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the link between the I 0 and SCC buses. This provides the
shortest path for data between the synchronous ports and the
Buffer RAM.

The MicroVAX and TMS processors also use the Buffer RAM to
communicate with each other. To access this information, the TMS
processor uses one of the DMA devices. However, this sort of
access is relatively infrequent and so the overhead of
synchronizing buses is not critical.

Similarly, the MicroVAX processor occasionally needs to access
the Synchronous I/0 side of the DEC MicroServer. In most cases,
the only time the MicroVAX needs to do this is to load the TMS
processor’s code into the TMS RAM. The code is loaded only when
the system is booted and so the overhead of synchronizing all
four major buses is not important.

Positioning the DMA devices in this way is a little
unconventional. Usually, the devices are closely associated with
{and connected to the same bus as) a MicroVAX processor. In this
sort of configuration they provide the link to an entire I/O
subsystem. The literature for the DMA devices reflects this
convention by referring to the processor bus and to the I/O bus.

However, note that the DEC MicroServer uses two buses on each
side of the DMA devices. In this case, the DMA devices are not
on the same bus as any controlling processor hence DMA literature
references to the processor bus can be misleading.

When the DMA literature refers to processor or MicroVAX buses,
this means the MicroVAX or I O buses in the DEC MicroServer.
When it refers to the I/0 bus, this means the SCC or TMS buses in
the DEC MicroServer.

If you are ever in doubt, refer to the DEC MicroServer
architecture diagram (Figure 3-4 in Section 3.2.4. The MicroVaX
side of the architecture is what the DMA 1literature also calls
the MicroVAX bus (or side). The Synchronous I/0 side of the
architecture is what the DMA literature calls the I/0 bus (or
side).

3.2.4 Complete Architecture

Figure 3-4 shows the complete architecture of the DEC
MicroServer. Basically, this is a combination of Figures 3-2 and
3-3, but including the DMA devices. The MicroVaX and the
Synchronous I/0 parts of the architecture are shown by the dotted
line boxes.

T
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Figure 3-4: Architecture of the DEC MicroServer
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3.3 System Control

Although parts of the system can run in parallel, certain system
operations require coordination and central control.

The most important areas are:

1. How the MicroVAX processor accesses and controls the
devices on the SCC bus.

2. How the Buffer RAM is accessed.

3. How the interrupts generated in the system are handled.

3.3.1 MicroVaAX Access to the SCC Bus

The MicroVAX processor can access any part of the system.

However, to access devices on the SCC or TMS buses, the MicrovVax
processor uses one of the DMA devices in IO Access mode.
IO_Access mode allows the MicroVAX to access the Synchronous I/0
side’s address space, though the TMS RAM space and the SCC bus
should only be accessed when the TMS is not runnlng (see Chapter
6 for full details). The DMA in IO _Access mode is the only way
that the MicroVAX can access the SCC and TMS buses. In this way,
the DMA provides a ‘window’ through which the MicroVAX accesses
the SCC amd TMS buses. For ease of reference, this manual often
uses the term ‘DMA window’ to refer to this use of the DMA.

Appendix B contains the address maps for the system, including
the DMA window.

3.3.2 1I/0 Processor Access to the Buffer RAM

The MicroVAX processor controls the synchronous side of the
system through a control block and through structures called ring
buffers. 1In all, there are eight sets of rlng buffers (two for
each synchronous port). Each port has two rings: one for input
operations, and the other for output.

Every buffer has a descriptor giving its position and size as
well as some other control information that the MicroVaX and the
TMS processor need. The complete set of buffers and descriptors
is controlled through a control block.

The Buffer RAM holds all this information, and the TMS Processor

uses one of the DMA devices to access it. During such an
operation, the DMA controller becomes master of the I _O bus.

3-8
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So until the operation is complete, the MicroVAX cannot use this
bus. In addition, the TMS processor cannot access the I_O bus
until the DMA device can be bus master. This exclusive access
ensures that both processors do not try to access the buffers and
their descriptors at the same time.

See Chapter 15 for details of how the system uses ring buffers.
Chapter 6 has details of the control block.

3.3.3 Interrupt Control

Most of the interrupt processing is done through the MicroVax
Vectored Interrupt Controller (VIC) and the MicroVAX processor.
The VIC accepts interrupts from the synchronous ports (through
the TMS processor), the Ethernet interface, and the DMA devices.
From these it produces an interrupt priority value and an
interrupt vector, both of which are fed to the MicroVax
processor.

Other events (such as the watchdog timer and the power fail
indicator) feed directly into the MicroVAX processor. These
cause the processor to Halt or Reset, which in turn makes the
processor start executing from a specific location in the
firmware. That code determines the cause of the event and takes
appropriate action.

Chapter 10 has more information on interrupt and error

processing. Chapter 13 has more information on the firmware’s
actions when the processor restarts after a Halt or Reset.

3.4 System Operation
Before describing the hardware in detail, an overview of how all
the blocks work together is useful. This shows how they work in
relation to each other and how the buses are used at various
times.
The following sections show how:

1. The system is loaded and initialized

2. Synchronous messages are sent and received

3. Ethernet messages are sent and received
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4. The system dumps its memory and registers if a fatal
error occurs

5. The Buffer RAM is used

3.4.1 System Startup
There are 4 steps in the system startup process:
1 Reset and test
2 Software load
3. System initialization
4

TMS processor load and start

3.4.1.1 Reset and Test - At power up, most of the components on
the board are in their Reset state, including the TMS processor.
The reset causes the MicroVAX to start running code from the
Firmware PROM, and it runs the on-board test.

This test checks that the hardware works and can run the
operational software. It uses the seven-segment display to show
the progress of the testing and to report any errors. It also
records any errors in the NVRAM. :

3.4.1.2 Software Load - When the self test has completed
successfully, control is passed to the DEC MicroServer firmware.
This sends a message on the Ethernet asking for a load host to
provide software. When a load host replies, the software image
is sent to the DEC MicroServer as a series of Ethernet messages.
As each is received, it 1is copied into the Buffer RAM. The
firmware copies the code segments from there to the System RAM.
When the 1load is complete, the firmware passes control to the
software.

3.4.1.3 System Initialization - The software first sets up its
own data structures, and then:

1. Sets up and initializes the buffers and the control
blocks in the Buffer RAM
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2. Reads an initialization file from the load host and uses
this to set up the synchronous I/0 side of the system

3.4.1.4 TMS Processor Load and Start - The software also loads
the TMS RAM with code that’s normally called the TMS firmware.
This code is loaded into the System RAM as part of the software
image. To transfer the code to the TMS RAM, the system software:

1. Checks the System CSR to see how much TMS RAM the system
has

2. Sets up a DMA window that provides access to the TMS RaM
3. Copies the code from the System RAM to the TMS RAM
4. Releases the TMS processor

Once released, the TMS processor starts to run. It first uses

information in the RAM to initialize itself and then waits for
instructions from the MicroVaX.

3.4.2 Sending and Receiving Synchronous Messages

The MicroVAX is in overall control of the system, and it uses
commands to set up and start synchronous communications. It uses
the control block in the Buffer RAM to pass these commands to the
TMS processor.

On a timer, the TMS processor regularly looks for commands and
for messages to send in the Buffer RAM, acting on any that it
finds.

The general procedure for sending a message is:
1. The MicroVAX finds a buffer for the message and sets a
flag in the buffer descriptor to indicate the message is
ready to be sent.

2. The next time the TMS processor scans the buffer
descriptors, it notices the flag has been set.

3. The TMS processor moves the data from the Buffer RAM to
the appropriate I/0 port (using the DUSCC and DMA).

4. When the transmit completes, the TMS processor puts its

return status in the buffer descriptor, resets the flag,
and interrupts the MicroVaX.

3-11
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5. The MicroVAX interrupt handler checks the flag change,
examines the status, and decides what action to take.
If the transfer was successful, no action is needed and
the buffer can be reused. If there was an error, the
MicroVAX can take a number of paths, such as resending
the message. »

The process for message reception is similar:

1. The TMS processor detects the incoming message through
changes in the modem signals, and 1looks for a free
buffer in the Buffer RAM.

2. The TMS processor then sets up a DMA transfer between
the appropriate synchronous port and the buffer.

3. When the transfer completes, the TMS processor does some
error checking (such as checking CRC values).

4. The TMS processor puts some status information in the
buffer header, sets a flag to indicate the buffer
contains a message, and interrupts the MicroVAX.

5. The MicroVAX detects the change in the flag and
processes the buffer, based on the status information.

3.4.3 Sending and Receiving Ethernet Messages

Sending and receiving Ethernet messages follows a similar pattern
to the synchronous messages. However, the I/0 operations are
driven by the Ethernet Interface instead of the TMS processor.

The interface has its own set of buffers and it scans them
regularly. In addition, the MicroVAX can give commands directly
to the interface. For example, it <can tell the Ethernet
Interface to start or stop data communications.

The general process for sending a message is:

1. The MicroVAX looks for a free buffer and puts the
message in it.

2. The MicroVAX sets a flag to indicate that the buffer
contains a message waiting to be sent.

3. The Ethernet Interface detects the change in the flag

and prepares for the transfer. It then uses its own DMA
capabilities to read the data in the buffer.

3-12
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4. The Ethernet Interface puts the status of the transfer
in the buffer’s header, resets the flag, and interrupts
the MicroVAX.

5. The MicroVAX reads the status and reacts accordingly.
For example, it may try to resend the message.

The general procedure for receiving a message is:

1. The Ethernet Interface detects the incoming message by
recognizing the Ethernet address, and looks for a free
buffer.

2. On finding one, the Ethernet Interface uses its own DMA
capabilities to transfer the incoming data to the
buffer.

3. At the end of the message, the Ethernet Interface writes
status information in the buffer’s descriptor, sets a
flag to indicate the buffer contains information to be
processed, and interrupts the MicroVaX.

4. The MicroVAX detects the change in the flag, reads the
status information, and reacts accordingly.

3.4.4 System Dumping

Sometimes the system may detect an irrecoverable error. In such
a case, the system has to be reloaded, but before doing so the
DEC MicroServer tries to dump the erroneous system’s memory and
registers.

A system dump is basically a record of the contents of the entire
system as it was when the error occurred. System dumps are used
by specialists to find the cause of an error.

The DEC MicroServer relies on a host computer on the Ethernet to
process the dump. In many cases, this involves receiving the
information and putting it in a file.

Transferring the information to the host computer is the same for
all dumps, though there are slight differences in the procedure
prior to the transfer depending on whether the MicroVAX or the
TMS processor detected the erxror.

3.4.4.1 MicroVaX Detected Error - If the MicroVAX detects the
error, it starts the dump procedure. First it saves its own
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context (register values and so on). Then the MicroVAX tries to
include as much of the TMS RAM (and the TMS processor) context as
possible.

To do this the MicroVAX generates a special interrupt to the TMS
processor. On receiving this, the TMS saves its context in the
TMS RAM and then sets a flag in the control block in Buffer RAM.
The MicroVAX detects that the flag has been set and starts the
dump . '

3.4.4.2 TMS Processor Detected Error - If the TMS processor
detects the irrecoverable error, the preparation is slightly
different. ’

When it detects the error, the TMS processor saves as much of its
context as possible in the TMS RAM. Then it sets the flag in the
control block and generates an interrupt to the MicroVAX.

The MicroVAX detects the change in the flag and starts the dump
procedure. The MicroVAX saves its own context and then executes
the dump routines in the Firmware ROM.

3.4.4.3 Dumping the System - Once the status of both processors
has been saved, the dump code saves the context of the Ethernet
interface. Then, it sends a MOP dump regquest on the Ethernet
asking for a host to receive the dump.

On receiving a reply from a host, the dump is sent in a series of
messages on the Ethernet. This information includes the:

o The context of both processors

© The contents of the System, Buffer, and TMS RAMs

o As many other device registers (from the Ethernet
interface, the DMA devices, and so on) as can be

retrieved.

When the dump is complete, the DEC MicroServer resets itself,
- runs the On-Board Test (OBT), and reloads the system.
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3.4.5 Use of Buffer RAM

The Buffer RAM is the part of the system through which all data
passes, and holds the control information for the communication
devices. The RAM holds:

1. Buffers for the Ethernet interface (one set for transmit
and one for receive)

2. Buffers for the synchronous ports (four sets for
transmit and four for receive)

3. Initialization information for the Ethernet Interface

4. Control block for the TMS processor and the MicroVAX to
communicate with each other

5. Work space for the VAX firmware

The system software sets up the first four of these and
determines where they are, how many buffers there are, and how
large each is. This information is passed to the TMS processor
through the control Dblock. The MicroVAX tells the TMS the
location of the control block by passing it a parameter when
locading the TMS firmware.

The work space for the VAX firmware is an dinitialization block
and set of buffers for the Ethernet Interface. This enables the
firmware to use the interface without disturbing other values in
the Buffer RAM. For example, the firmware uses these structures
when dumping the system so that the contents of the real buffers
are not disturbed.







Chapter 4
The MicroVAX and I O Buses

4.1 Overview
This chapter, and Chapter 5, contain a more detailed description
of the MicroVAX side of the DEC MicroServer’s architecture. This
chapter deals with:

o The structure of the MicroVAX and I_O buses

o The MicroVAX processor

o System clocks

o The blocks of memory (System RAM, Firmware ROM, NVRAM,
and Buffer RAM)

o System Registers
o Addressvdecoding4
o Error reporting
© Bus arbitration

Chapter 5 concentrates on the Ethernet Interface.

4.2 Bus Structures

Both the MicroVAX and I O buses are multiplexed using 32
address/data 1lines. A pair of signals (Address Strobe and Data
Strobe) indicate whether the bus is carrying an address or data.
The Field Maintenance Print Set has details of the bus structures
and their signals.

The buses have limited drive capability; the current drive in a
high state is 2 milliamps, and in the low state 400 microamps.
This limits the number of units that can be directly connected to
each bus, and so some buffering is used.
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diagram of the MicroVAX bus and the items
attached to it. Figure 4-2 is a similar diagram for the I_O bus.
Toi OBus
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Figure 4-1:

Block Diagram of the MicroVAX Bus
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Figure 4-2: Block Diagram of the I_O Bus

4.3 MicroVAX Processor

The MicroVAX II processor is the overall controller of the entire
system. The software it runs determines the type of
communications service to users, and controls other parts of the
system (either directly or indirectly).

Figure 4-3 shows the processor and its associated components.
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Figure 4-3: The MicroVAX II Processor and its Surrounding
Circuitry

The processor is directly connected to the MicroVAX bus, and is
always its bus master. It becomes master of the I_O bus only
when accessing that bus.

For a detailed description of the device, its architecture, and
instruction set, refer to the books listed in Appendix I. This
section summarizes the way the processor is used in the DEC
MicroServer.

4.3.1 Address Space

To the processor, the two buses appear as a continuous address
space containing both code and data. Only the addresses used
distinguish one bus from another. Addresses below 30000000 (hex)
access devices on the MicroVAX bus. Addresses 30000000 and above
access devices on the I_O bus. See Appendix B for a detailed
address map of the MicroVAX processor.
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To access memory, the processor puts longwbrd addresses on the
bus, and uses the Byte Mask (BM) signals to indicate whether a
byte, word, or the complete longword is being accessed.

4.3.2 BAccess to the Synchronous I/O Side

The processor can only access devices on the MicroVAX and I O
buses in this direct way. Once the system is operational, this
is usually sufficient. However, from time to time it needs to
access devices on the synchronous I/0 side of the architecture.
The processor particularly needs to do this when loading the TMS
processor or when dumping the system contents.

To access devices on the synchronous side, the MicroVAX uses one
of the DMA channels in IO_Access mode. The specific address used
by the processor depends on the DMA channel being used. Appendix
B shows the MicroVAX address space and also shows the offsets of
devices, including the location of the DMA channels.

The MicroVAX cannot access the synchronous 1/0 side when the TMS
processor is running. This prevents potential lock up. You can
£ind more details on the DMA devices and their use in Chapter 8.

4.3.3 Interrupts and Exceptions

Together, the VIC and the MicroVAX handle most of the interrupts
and exceptions in the system. Many of these come from the
synchronous side of the architecture to indicate the completion
of data transfers and to report changes in the synchronous
control block.

The VIC handles most of the interrupts, and Chapter 10 describes
them in some detail. The MicroVAX, however, does handle some
interrupts directly:

o 100 Hz interval timer -- this is used in the software
for timeout counters and so on. The timer provides an
interrupt every 10 ms at the INTTIM pin on the MicroVAX.
The timer is provided by the DYRC for the System RAM.

o Power fail -- this is generated if the POK signal drops,
and allows the system to save its context before the
power is lost.

o Dump switch -- pressing this switch causes the processor

to restart and tells the ROM code to dump the system
before running the OBT and reloading the software. This

4-5
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interrupt is connected to the MicroVAX’s HALT input.

© Watchdog timer -- this timer runs out if the software
falls into an unknown state. The watchdog timer
interrupt causes the system to dump and restart. This
interrupt is also wired to the MicroVAX’s HALT pin.

© Bus errors -- errors on the MicroVAX or I_O buses are
reported as interrupts to the MicroVAX. “Errors on the
MicroVAX bus are reported through the ERR pin on the
processor, while errors on the I_ O bus are reported
through the PWRFL pin.

Chapter 10 also contains details of these interrupts. Section
4.12 has an overview of error handling, with Chapter 10 having
more detailed information.

4.4 System Clocks

All processors in the system (including the TMS processor) use a
40 MHz or a 20 MHz timing signal. There are three clocks of each
frequency in the system, all derived from a single 40 Mhz
crystal. :

The 40 MHz signals are taken directly from the crystal and
buffered before distribution to the rest of the circuitry. The
20 MHz signals are derived by dividing the 40 MHz signal and then
buffering the resultant signal.

The Ethernet Interface and the Synchronous ports require clocks
isolated from the rest of the system. So, these devices use
their own crystal based clock sources.

4.5 System RAM

The System RAM is organized as 256K longwords with 4 parity bits
for each longword (cne for each byte). The memory uses dynamic
RAM devices, managed by a MicroVAX Dynamic RAM Controller (DYRC).
This handles functions such as address decoding, object decoding,
and memory refresh. Figure 4-4 is a simplified diagram of the
System RAM block (in particular, the buffering between the RAM
devices and the DYRC is not shown).
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Figure 4-4: Simplified View of the System RAM Block

4.5.1 Memory Element Addressing

The DYRC accepts an 18-bit longword address from the MicroVAX bus
(UV_DAL<19:02>) and uses this to generate the column and row
addresses for the four RAM devices.

Column and row addresses are multiplexed; strobe signals indicate
which is being generated at a particular time. All the memory
devices receive the row address and they read this when the row
address strobe (UVRAS) is asserted.

The DYRC has four column address strobes, one for each byte in a
longword. Which of the four strobes is asserted depends on what
sort of access is in progress:

© If a byte is being accessed, only the appropriate
(single) strobe signal is asserted.

© If a complete 1longword is being accessed, all four
strobes signals are asserted.

The DYRC uses the Byte Mask signals from the MicroVAX to
determine which column address strobes to generate.

4-7
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When the correct memory element has been addressed, the UVWR
signal is used to determine whether the element is to be read or
written. All data passes through the data transceivers that
provide the bus interface for all the memory on the MicroVAX bus.

4.5.2 DYRC Registers

The DYRC has its own set of registers that MicroVAX software can
use to manage the unit’s operation. These registers appear in
locations 24000000 and 24000004 (hex) of the MicroVAX address
space. However, the DYRC has a separate pin for selecting the
registers instead of memory. So, to provide the correct signals
from the address lines, a decoder (type 74F138) is used.

The decoder asserts UVRS when the address is in the range
24000000 to 25FFFFFF. This tells the DYRC that this is a
register access, and the address line 2 determines which register
is selected: the Command and Status Register (CSR) or the Fault
Address Register (FAR).

The 16-bit CSR gives information on the status of the memory and
allows the MicroVAX to control features such as parity checking.
Figure 4-5 shows the layout of the CSR, and Table 4-~1 shows the
meaning of each bit in the register.

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | ! | ! | i ! ! ! {
ERR- | WWP| ENB| BTO Reserved
STAT T NN N U NN NN NN ISR N N I
BTO - Bus Time Out
ENB - Enable Parity Support
ERRSTAT - Parity Error Flag
Wwwp - Write Wrong Parity

Figure 4-5: The DYRC Control and Status Register
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Table 4-1:

Meanings of the Bits in the DYRC CSR

Bus Timeout. The DYRC sets this bit if a bus
timeout occurs. The bit is cleared when the
MicroVAX reads the CSR, and at power up.

Enable Parity Support. The MicroVAX uses this bit
to control parity checking. By setting this bit,
parity checking is enabled. At power up, this bit
is cleared.

|
|
!
!
|
|
l
|
|
Write Wrong Parity. The DEC MicroServer’s on-board |
test program uses this bit to generate inverted |
parity and so test the parity generators/checkers. |
In normal use, this feature is not used, and the i
bit is clear. The bit is also cleared at power up. |
' |

I

|

!

!

-+

Parity Error Status Flag. This bit is set if a
parity error is detected in the memory. The bit is
cleared when the MicroVAX reads the CSR, and at
power up.
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The FAR is also 16 bits long, and contains information on the
location of a parity error. Figure 4-6 shows the format of the
FAR, and Table 4-2 shows the meaning of each bit in the register.

15 14 i3 12 11 10 9 8 7 6 5 4 3 2 1 0
] ! ] | ] | | ] 1 ] | ]
Resarved
gx; BS (Reads as FADOR
‘ 1 1) I T N (O A NANRENN S NN RO
BS - Bank Select

ERRSTAT - Parity Error Flag
FADDAR - Fault Address

Figure 4-6: The DYRC Fault Address Register




The MicroVAX and I_O Buses
DIGITAL Internal Use Only

Table 4-2: Meanings of the Bits in the DYRC FAR
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Meaning and Use
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Fault Address. This is the address of the page in
which the error occurred. These bits are cleared
when the MicroVAX reads the register, and at power
up.

BS Bank Select. These bits identify the bank in which
the error occurred. They have the same value as
the Bank Select pins had during the erroneous
cycle. In the DEC MicroServer, these pins are
derived from bits 20 and 21 of the MicroVAX
address.

ERRSTAT Parity Error Status Flag. This bit is set when a
parity error occurs. The bit is cleared when the
CPU reads this register, and at power up.

e ——— ey

Note: Bits 11 and 12 are clear at power up, but become set
at the end of the first memory access. They remain set until
the device is reset or the next power up occurs.

e e e e e T, JRup——
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NOTE
The DYRC used in the first DEC MicroServer units
did not produce reliable information in the FAR.

This is expected to be resolved in future
versions of the device.

4.5.3 Memory Partitioning

Simple memory protection is provided by the system image being
written so that:

© Code and data are separate, and
o The code occupies the lower addresses

In this case, writing to the code part of the RAM is prevented
and a partition error produced.
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The DEC MicroServer provides such a protection mechanism through
its partition register. This divides the System RAM into two
512K byte parts. When partitioning is enabled, any attempt to
write to the lower 512K bytes generates a partition error. To
enable this feature, the software simply sets the PRTNEN bit in
the System Control/Status Register.

4.5.4 Parity Checking

The memory has parity, and so uses devices that are 256K by 9
bits (8 bits of data and 1 parity bit). This gives 4 parity bits
for each longword.

The parity for each byte is checked using a type 74F280 parity
generator/checker. To dlstlngulsh between parity generation and
checking, a 74F257 multiplexer is used.

If the parity for a certain byte is incorrect, the appropriate
UVPERR signal is asserted. The UVPERR signals are fed to an
error-checking PAL which asserts the UVERROR signal to the DYRC's
PARIN pin. This in turn asserts the UVERR signal that causes a
machine check in the MicroVAX processor. Note that the UVERR
signal is only asserted if enabled by the DYRCENB bit, and that
DYRCENB is cleared on an error.

4.5.5 Clocks

The DYRC uses the same 40 MHz clock as the MicroVAX processor.
The DYRC also divides this 40 MHz clock to generate a 100 Hz
interval timer, which is fed back to the MicroVAX processor as
the TIMERINT interrupt.

4.6 Firmware ROM

The DEC MicroServer design allows for two sizes of ROM for the
firmware. The present design contains 32K longwords stored in
27256 type EPROMs, but allows for double-sized 27512 EPROMs to be
added later, if demanded by an increase in the size of the
firmware (this is described below).

The firmware memory space appears in the address map between
20040000 and 2007FFFF, and contains the system's firmware, as
detailed in Part III of this manual. Figure 4-7 is a simplified
diagram of the Firmware ROM.
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Figure 4-7: Arrangement of the Firmware ROM

The complete bank is selected when the ROMRD signal is asserted
(see Section 4.10 for details of how ROMRD is produced). Then,
the latched address lines (UVADD <16:02>) are used to select the
appropriate longword.

More ROM may be necessary if the firmware increases in size. The
design allows for double-sized devices to replace the 27256s. A
pair of links (Wl and W2) allow the extra address 1line to be
applied to the larger 27512 device. :

Table 4-3 shows how the links should be set for each type of
device.

Table 4-3: Settings of W1 and W2 for Different ROM devices

e et T TP +
!
| Link |
! Settings |
R Rt +
! I
| Device W1l w2 |
R bttt m—— e -—t
|
| 27256 0 I |
e il +

o
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Table 4-3 (cont.)

o e o e e e e +
| |
| Device w1l w2 |
e e ——————— +
| |
| 27512 I o |
e ——————— +
| |
| I = Link In |
| O = Link Out |
e e e e e e e +
4.7 NVRAM

The NVRAM is an X2864 type (EEPROM) device providing 8K bytes of
non-volatile storage. The memory is used to hold some system
parameters (such as the console password). It is also used by
the firmware and software to log error conditions that are
detected. Figure 4-8 shows how the unit is wired.

The NVRAM appears at addresses 22000000 to 220007FFF. The memory
is selected using the address lines, and the NVRAM signal. The
NVOE and NVWE signals indicate whether information is to be read

~from or written to the memory.

The element address is determined by the 1latched address lines
(UVADD<14:2>). The device is byte-oriented, but notice that in
the MicroVAX address space each byte appears on a longword
boundary. ' '
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<70>

— X2884
UVADD -
<1402 —1  NVRAM
BV NVRAM  —d
OV — W8

Figure 4-8: NVRAM Connection

See Chapters 16 and 17 for information on how the memory is used.

4.8 The Buffer RAM

The Buffer RAM has a similar design to the System RAM on the
MicroVAX bus. This is also 1M byte, is controlled by a DYRC, and
is parity checked by 74F280 devices. However, the memory is not
partitioned. The RAM is enabled from the decode logic which
asgserts the IORAMSEL signal.

Errors are reported as an interrupt to <the MicroVAX. This
enables the MicroVAX processor to rapidly find the source of an
error, and to determine that it originated on the I_O bus.

4.9 System Registers

The System Registers provide control and status functions for the
entire DEC MicroServer system. Each of the functional blocks has
its own internal registers. These registers, however, tend to be
specific to the task of each block. So, the System Registers are
needed to hold system wide information. For example, one of the
register bits indicates when a system dump is to be performed.

/ e
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The DEC MicroServer has a Control/Status register, and a Display
register.

4.9.1 Control/Status Register

The Control/Status register is one word at address 27FFF808
(hex) . Figure 4-9 shows the function of each bit in the
register. Figure 4-10 shows the general arrangement of the
register’s circuitry.

15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0

IOERRSRC- |_O Bus Error Source TMSMEM - TMS RAM Size
PAGEQ TMS Processor P WDEN Walchdog Timer Enable

Figure 4-9: The System Control/Status Register
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w8
ov o |
PWHFL
\—‘t UVDAL
O | o
Pﬁ‘%« 74HCT244 <15:08>
I0ERRSAC
CONSOLE |
enable
To Synchronous ~ STATUS
1O Side
? 441 '
TMSCRL2 enabie
TMSCAL1
[THWRESET UVDAL
rom
. fo
’S’i%’} 74HCT273 | PAGED 74HCT244 <07:00>
DUMPEN
"DISPEN
enable
coneen,_|
Control ‘Status
Register Register

Figure 4-10: The General Arrangement of the Control/Status
Register’s Circuitry

The system’s software can write information into the low byte
only. To enable a particular function, the software sets the
appropriate bit.

The software can read either byte, or the full word, as status
information. In this case, the low byte will show what has been
previously set up. The high byte contains error information.
Table 4-4 gives more informétion on the function of each bit in
the register.

Table 4-4: Meanings of Bits in the System Control/Status

Register
e e e e e e e e e e e e e e +
| I
| Field Function |
} Name |
o e e e e e e s e e e B e e e o o +
| |
| DISPEN When set, this bit turns on the seven-segment ]
| display. The bit is cleared at power up. |
o e e e e e 0 e 2 e e e 7 +
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Table 4~4 (cont.)

+ ———————————————————————— . W W O S . - - R S G G G G WA SRS A S T W A W G S e +

I

i Field Function |

| Name |

+ —————————————— - . - V- - A e W S R Ay . AN S N AL N - -—— . - +
DUMPEN When set, this bit enables operation of the DUMP

switch on the control panel. This bit is cleared
- at power up.

PRTNEN When set, this bit causes write operations to
the Code/Data RAM to be checked against the
partition register. See Section 4.5.3 for
details of memory partitioning. This bit is

|
|
I
I
+
I
l
|
!
|
cleared at power up. |
————————————————————— _.-.u-‘-_-—..-_-»n—-u———_-a-—-_u-—-——nn——u—-—.--..—---..}
I
|
|
|
!
|
|
I
I
!

PAGEO Selects bank 0 or bank 1 of the TMS processor’s
program memory. Setting this bit selects bank 1.

This bit is only useful when RSTDSP is set and
when the TMSMEM bit indicates that there are two
banks of TMS RAM. The MicroVAX uses this bit
when loading the TMS firmware, because it can
access only one bank at a time. See Chapter 14
for more information on how this bit is used.

et e e e e e i st s e e o e e v e s e s s o

+
|
HWRESET When set, this bit resets all devices apart from |
the MicroVAX processor, the VIC, the DYRCs, the |

control part of the system control/status I

register, and the TMS processor. This bit allows |

the system’s software to place the system in a |

known state and still retain the current |

operating context. ' |

+

- W W S W e O SN SR SN P WM S AN G M NS S W S G GRS S R S S M G AN M S I M S N AR AN G M W S S e e
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able 4-4 (cont.)

RSTDSP TMS Processor Reset. When cleared, this bit
resets the TMS processor. This allows the
MicroVAX software to reset the processor
independently of the reset of the system.

While this bit is cleared, the TMS processor
remains halted and in the reset state. This
enables the MicroVAX processor to access the TMS
RAM.

This bit is cleared on power up.

A W S - - . — - - S5 W W W W W R WEI NS SN G G WM Ghe GRG WS W6 W W G GOM EEN R NS GEN WM GRR WU NS W WeR W SR e

U N B G T WD 00 WD M O TS - OUs G G O VI VW W 5 T W n W W WS S W G W N W W W S G55 GG SN NN S N G G W S e W G G S

TMSCRLZ2 The MicroVAX processor uses this bit to generate
the RINT interrupt to the TMS processor. The
MicroVAX uses the interrupt to indicate that it
wants to dump the system. The TMS processor
responds by saving its contents in the TMS RAM.

To generate the interrupt, the MicroVAX must set
this bit, and then clear it. The time between
setting and clearing the bit must be at least 1
microsecond. -

I
CONSQLE Normally, this bit is set. However, when |
equipment is attached to the Logic Interface, |
this bit is cleared. So, software can use this |
bit to determine whether a physical console or |
similar tool is attached. |

4-18
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Table 4-4 (cont.)

| Field Function ]
I Name |
+ ——————— A - - --n---—-——--v—«-w—m-wo-—u—u-«---n-a-n--um-—nm--—---‘—-.-.i.
|

IOERRSRC This bit can be set only when an error occurs on

|
the I_O bus. Such an error causes the MicroVAX |
to restart and it can then use the value of this |
bit to determine if it or one of the devices on |
the I_O bus causes the error. |

I

When set, the error was caused by one of the DMA |
devices or by the Ethernet Interface. |

e s e e e e e e e —

| WDERR When set, this bit indicates that the Watchdog |
| Timer expired.

| PRTNERR When set, this bit indicates that a partition
] error has occurred.

- - -~ - i - - - - . " - - - — -

| DUMP When set, this bit indicates that the DUMP
| switch on the control panel has beea pressed.

PWRFL When set, this bit indicates that a power
failure occurred. It is also set whenever the
CSR is examined through the physical consocle.
Used to help determine the cause of a PWRFL
interrupt to the MicroVAX. That interrupt can be
caused by an error on the I_0O bus or by a power
failure. On restarting, the MicroVAX processor
uses this bit to determine which event occurred.

D e e e e Lk L LY i p——"

TMSMEM Indicates whether there are one or two banks of
TMS processor memory. When this bit is set there
is only one bank.

The MicroVAX processor uses this bit when
loading the TMS firmware.

- G, G G W . G S0 VN S G G S W WS S W W G SR WD SN W G D S W AN e W G

e S e et

o e s o s et s e i o i o S S - . 7
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Table 4-4 (cont.)

+ —————— - . . S - . S W W W o S Ve WA S W G . - . G S - - +

|

] Field Function I

i Name |

+ ————————————— A W N .~ ~ - - W~ " —r - R R A T s g +
WDEN Watchdog enable. Indicates whether the link W8

ig fitted to disable the watchdog timer. When
set, the link is not fitted, and the watchdog
timer is enabled. This should be the setting on
all units in the field.

If a halt occurs but neither WDERR or DUMP are set, the
source of the halt is the physical consocle, or the code
executing a HALT while in Kernal mode.

O W A S W R D85 S TR WA O A S S W W G A U S WS WS W A 0 G N S NS W S W WA WD S W WS W S WS

4.9.2 Display Register

The display register is a single byte at address 27FFF804 (hex)
that controls the segments on the front panel display. The
display does not use a decoder. 1Instead, to light a segment, the
software simply clears the appropriate bit in the display
register. :

Each segment of the display is linked to the register through a
resistor. When a bit is cleared, that end of the resistor is
pulled down to 0 V. As the display is connected to 5 V, this
causes the segment to light.

Figure 4-11 shows the display, and the allocation of bits in the
register. Note that bit 7 is used as an error bit during
RQT/PQT, and should be regarded as reserved for future use.
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a
f b
Display
__9__ - format
e C
d
7 6 5 4 3 2 1 0 Bit

NOT | 1 | ment
usep| @ | T | e | d | ¢ | b a lonoled

Figure 4-11: Display Register Bit Allocation

4.10 Address Decoding

When the MicroVAX is accessing either bus, the address decoding
takes place on two levels:

1. The system block being accessed

2. The location in that block,

"The following sections show how this system works for both buses.

The final section contains some notes on the addressing used by
the Ethernet Interface and the DMA devices.

4.10.1 MicroVAX Bus

The top level decoding for the MicroVAX bus uses some of the
address lines, together with the relevant control signals, and
produces selection signals for specific blocks.

The address decoding uses the latched signals (UVADD). Each
address passes through a pair of 74F138 decoders and a PAL uses
this address, together with control signals from the MicroVax
bus. This produces select signals for each of the main blocks on
the bus.
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The first decoder sorts out the top five bits (25 to 29) of the
address. The second decoder provides precise decoding of the
watchdog timer, control register, status register, and the
seven-segment display.

The PAL provides top-level decoding signals for the memory blocks
on the MicroVAX bus and the VIC. This scheme simply produces
high level decoding to determine which memory block is being
addressed. :

Once selected, the block uses the remaining address lines to
determlne the exact element to access.

For example, an address in the Firmware PROM causes SLgnal ROMRD
to be asserted from the PAL. To set this signal, address lines
29, 28, 27, 26, 25 and 24 are used. The selection of the actual
location in PROM is done by the memory unit itself, using bits 2
to 16 of the latched address.

For a full address map of the MicroVAX processor, see Section B.2
in Appendix B. For a complete diagram of the decoding mechanism
and the signals it generates, look at the Print Set.

4.10.2 I O Bus

Like the MicroVAX bus, the I_O bus has loglc that provmdes some
hlgh -level address decoding. This is used only when the MicroVAX
is accessing the Buffer RAM, the Ethernet Interface, or one of
the DMA devices. So, the logic also uses bits 25 to 29 of the
latched MicroVAX address (UVADD) .

The decoding nglC is based on a 74F138 decoder and a PAL.. These
devices generate signals to select the Buffer RAM, the Ethernet
Interface, and the DMA devices. From there the remaining address
lines, in their I_O bus form, are used to access the exact
element in the selected block.

Again, refer to the print set for a detailed dlagram of the
- decoding mechanism and the signals it generates.

.10.3 1I1/0 Device Access to the I_O Bus

The high order byte of each address generated by the Ethernet
Interface is set so that it points to the correct part of the
address map. The interface supplies the remaining 24 bits based
on information in its data structures. The MicroVAX sets up
these structures, so it must ensure that the Ethernet Interface
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does not try to access non-existent memory.

The DMA devices access memory using their internal page tables.
Again, the MicroVAX is responsible for setting up these
structures, and so must make sure that the devices only access
the Buffer RAM.

4.11 The I_O Bus Isolator
The I_O bus isolator has two basic functions:

1. 1Isolate the MicroVAX and I_O buses allowing them to work
separately or as a single bus

2. Share the I_0O bus between the MicroVAX processor, the
Ethernet Interface, and the DMA devices

The bus isolator itself is a set of bus transceivers and a set of
bus drivers. The transceivers carry data between the MicroVAX
processor and the I_O bus. The direction ofthe data transfer is
determined by the write signal (UVBWR) from the MicroVAX.

The bus drivers carry addresses from the MicroVAX to the I_O bus.
This uses the latched address lines on the MicroVAX bus (UVADD)
to address items on the I_O bus.

A pair of PALs control access to the bus. One determines which
device should have access and the other generates the appropriate
control signals.

- The first PAL (called RROBIN) schedules bus access on a round

robin basis. That is, it examines the bus request signals from
each potential bus user in turn to see if they want access.
Access is given to the first requestor and when they’ve finished
the cycle continues to the next in line. Figure 4-12 is a state
diagram of the scheduler.
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Figure 4-12: The Round Robin Scheduler for the I_O Bus

e

4-24




The MicroVAX and I_O Buses
DIGITAL Internal Use Only

il

“ The second PAL (IOCRL) generates the relevant control signals in
the correct order. For example, when the MicrocVAX is accessing
the I_O bus, the IOCRL PAL makes sure that the address is enabled
at the correct time and is then followed by data.
IOCRL is also a state machine, and Figure 4-13 shows the state
linkages. Table 4-5 summarizes the actions in each state. Table
4-6 summarizes the function of the input and output signals.
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Table 4-5: States in the I_O Bus Controller
o ——— - e .- ————————— - et e +
I | I
| | State Name | List of Actions |
o e e o e e e e e e e - o e e e e e +
| | | |
| 1 | IDLE | 1. IODMG, IOAS, IODS deasserted |
i | | 2. IODATEN deasserted |
] ] ] 3. IOADDEN asserted {
| | | 4. IOCRLEN asserted |
! | | 5. IOAS and 1IODS to high impedence |
i ] | state |
ot ———————— o e e e e - o e - ——————— +
| | | |
| 2 | DMAENTRY ] 1. IOADDEN deasserted |
] | | 2. IOCRLEN deasserted |
s e o e e —————————————— ————————————————— +
| | | |
| 3 | DMACYCLE | 1. IODHG asserted |
tmmmetmrr———————— o e e e e e e e e e +
| | | |
| 4 | DMAEXIT | 1. IODMG deasserted |
ot ——————— - - o e e e - o e +
| | | |
H 5 | IOCENTRY ] 1. IOAS asserted {
| | ] 2. IODS asserted |
i | | 3. IOADDEN deasserted after IOAS |
i | ] assertion ]
| | | 4. IQ&BBEN and IOCRLEN asserted |
et ————— o e e e e e - 1 1 e e o e +
| | | |
I 6 | IODATAIN | 1. IOADDEN deasserted |
] | | 2. IODATEN asserted ]
| | | 3 IOCRLEN asserted |
e e e o - e o 1 e e e e o o e o o +
| | | |
i 7 | IODATAOCUT | 1. IOCRLEN asserted |
| | ] 2. IODS deasserted at the same time as |
] I | UvDs |
{ | | 3. IOAS and IODATEN deasserted after |
i | | either UVAS or 1IODS have become |
| | | deasserted |
et L o o e e e e e e +
| | | |
| 8 | IOEXIT ] 1. IOADDEN asserted |
i | | Zz. IOCRLEN assarted |
e ————— e o e e e e e e - e e +
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e - —— o o o e e e o o o e e +

I l ! _ |

! | State Name | List of Actions |
o - o o e e e e e +

] | | |

| 9 | REFRESH | 1. IOEPS asserted |

] | | 2. IOADDEN and IOCRLEN asserted |
o e e o o it o o +
Table 4-6: Signals Used and Generated by IOCRL

o o o o o s o o B S 1 o e o + )
; ! _ | -
| Signal | Description |

| Name | |

o ————— e o e e o . it 2 2 9 e e o . 2 +

; _ |

i Input Signals |

o e e o e i o +

| I |

} IODMR | DMA request from the Ethernet Interface or one of |

] | the DMA devices | ~
e - -~ e - - ] - - - o A T . 0y " o T o - 3 ™
| | , !

| IORINPRG | Indicates the the DYRC for the Buffer RAM is |

| | perfomring a memory refresh |

o - o e e e e o +

| |

| RESET | Reset signal generated at power up or by setting |

i | the HWRESET bit in the System CSR i
fommm e e e e e e e +

| | I o,
| UVAS | Address strobe form the MicroVAX bus |
e ———— o o e e e +

! | |

| UVDS | Data strobe from the MicroVAX bus |

o - o e o e e e e e o e +

! | i i . ) |

| UVWR | Write signal from the MicroVAX that indicates |

] | whether the operation is write or read |
ittt o o o o o o +

| 1 _ !

| VAXR | Request signal from the MicroVAX that it wishes |

] | to use the I_O bus ]
e o e o s o e o e e +

| | |

| WDHALT | Interrupt from the watchdog timer. |

o ——————— o e o e o o o 1 e e e +
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Table 4-6 (cont.)

o e o e o e +
I | , !
| IOADDEN | Enables the address drivers in the I_O bus |
| | isolator |
tmm———————— o e e e e e e +
| | |
| IOAS ] Address strobe for the I_O bus |
dm————————— o e e e e e e e e e +
| | |
| IOCRLEN | Enables I_O bus control signals from the ]
| | controlling device !
tomm—————— o e e e e +
! | . i |
| IODATEN | Enables the data transceivers in the I_O bus |
] | isolator |
e ——— o e e e +
| | |
| IODMG | DMA Grant signal set in reply to IODMR ]
frm———————— o e e +
! | l
| IODS | Data strobe for the I_O bus |
o o e o e e e e +

4.12 Error Reporting

On both buses there can be two types of error:
1. Non-existent address
2. Parity error

On the MicroVAX bus, both of these are gathered by the System
RAM’s DYRC and are fed back to the MicroVAX through the ERROR
interrupt.

In the case of the I_O bus, the errors are fed through to the
MicroVAX’s PWRFL interrupt. Two bits in the System CSR (PWRFL
and IOERRSRC) show whether the interrupt was caused by such an
error and whether the MicroVAX had control of the I_O bus at the
time.
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For more information on error detection and reporting, 1look at
Chapter 10.
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Chapter 5
Ethernet Interface

5.1 Overview
The DEC MicroServer communicates over the LAN through the

Ethernet interface attached to the I_O bus. Figure 5-1 shows the
Ethernet I/O block in more detail.

I_O Bus

Address/Data
Butfer and
Muttiplexer

t l |

A_ddfess
Buffer

LANCE

SIA

y

isolation
Transformer

i
NI
Sockst

1 ' Ethernet

Figure 5-1: Ethernet 1/0 Block

The interface is based on a set of Ethernet devices: the LANCE
(Local Area Network Controller for Ethernet), and the SIA (Serial
Interface Adapter). These devices do much of the work necessary
+o send and receive information over the Ethernet, relieving the
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MicroVAX processor of this work. For example, the devices handle
conditions such as collision detect and retrying transmission.

Most of the work that the interface needs to do is carried out by
the LANCE. This transfers information between the Ethernet and
the Buffer RAM. These are DMA transfers during which the LANCE
is master of the I_O bus.

The information in the Buffer RAM is held in buffers that the
LANCE and the MicroVAX share. The descriptors for these buffers
are used by the two devices to exchange information. For
example, the LANCE puts the completion status of data transfers
in these descriptors.

The SIA provides the interface between the TTL level signals that
the LANCE uses and the differential signals used on the Ethernet.

It also checks for collisions and provides the LANCE with a
collision detection signal.

The Multiplexer adapts the LANCE (a 16-bit device) to the 32-bit
I O bus.

The following sections show how these devices are used, and how
the Ethernet interface and the MicroVAX processor communicate.

5.2 LANCE
The LANCE is largely self-containéd, but controlled by the
MicroVAX software. This control consists of programming the
device through the following:

o The LANCE registers

© The LANCE initialization block

©¢ Rings of descriptors for the data buffers
The following sections summarize the registers, initialization,

and sequence of operation. Chapter 15 explains how the LANCE and
the MicroVAX processor manage data buffers.

5.2.1 Registers

The device has four 16-bit Control and Status Registers (CSRs),
numbered from 0 to 3. Unlike registers in other devices, these
are not directly accessable on the I_O bus. Instead, the
MicroVAX accesses these registers through two ports, as Section
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5.2.2 shows.

5.2.1.1 Device Control and Status Word (CSR0) - CSRO is one word
long, and provides control and status information for the whole
device. Figure 5-2 shows the names used for each bit in the
word, and Table 5-1 explalns the meaning and use of each bit.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 3

ERRA | BABL | CERR{ MISS|MERR] RINT| TINT {IDON 1 INTR | INEA [RXON| TXONITDMDLSTOP STRT{ WNIT |

BABL -~ Babble MISS ~ Missed packet
CERR - Coflision Error RINT - Receiver interrupt
ERR" - Emor BXON ~ ReceiverOn
IDON - Initialization Done STOP - Stop

INEA ~ Interrupt Enable " STRT - Stan

INIT - Initialize TOMD -~ Transmit Demand
INTR - Interrupt flag TINT - Transmitter interrupt
MERH. - Memory error TXON - Transmitter On

Figure 5-2: LANCE CSRO Bit Definitions

Table 5-1: Content of the LANCE CSR0

chip may be involved in (such as data transmission),
and clears the internal logic. Setting this bit is
the same as the hardware performing ~a  RESET
operation. This bit is automatically cleared if
either the INIT or STRT bit is set.

tom————— tomm— e ——————— D D T ———————— —————t
| i - |
| Name | Meaning and Use |
4 ———— o o e e —————————————— — +
; l ‘ ' » 3 3 » l
| INIT | When set, this bit causes the chip to initialize |
| | itself. To do this, it reads an initialization block |
| | from the Buffer RaM. ‘ ‘ |
| I , |
| STRT | When set, this bit makes the LANCE start processing |
| | information. It can send information, receive |
| | information, and do direct memory access on the I_O |
i } bus. ' : |
| I ‘ I
| STOP | When set, this bit ends all external activity the |
| | |
| | |
| I |
| | |
] ! |
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Table 5~1 (cont.)

TXON

RXON

INEA

INTR

IDON

TINT

 RINT

When set, this bit causes the device to access the
ring of transmit buffer descriptors without waiting
for the poll time interval to expire. If clear, the
device waits for the interval to expire before
accessing the ring. See note 1.

This bit, when set, indicates that the transmitter
is enabled. See Section 5.2.3 on initialization for
details of how this bit is set. See note 2.

This bit, when set, indicates that the receiver is
enabled. See Section 5.2.3 on initialization for
details of how this bit is set. See note 2.

This bit controls - whether the device generates
interrupts through its INTR pin. When set,
interrupts can be generated. '

Indicates that one or more of the conditions that
could cause an interrupt have occurred. The
conditions are BABL, MISS, MERR, RINT, TINT, and
IDON. The device generates an interrupt only if this
bit and INEA are set. See note 2.

The device sets this bit when it has finished its
initialization sequence. When this bit and the INEA
bit are set, the INTR bit is also set. See note 3.

The device sets this bit after updating an entry in
the ring of transmit buffer descriptors. When this
bit and the INEA bit are set, the INTR bit is also
set. See note 3.

The device sets this bit after updating an entry in
the ring of receive buffer descriptors. When this
bit and the INEA bit are set, the INTR bit is also
set. See note 3.

This device can set this bit only when it is master
of the I/O bus. The bit indicates that the device
did not receive a READY signal from memory within
25.6 microseconds of putting an address on the bus.
When this bit and the INEA bit are set, the INTR bit
is also set. See note 3.

5-4
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+

|

I

+

|

| The device sets this bit when it loses a packet, or

| message, because no receive buffer was available. In

| waiting for the buffer, the internal =silé has

| overflowed. This means that some data has been lost.

| When this bit and the INEA bit are set, the INTR bit

| is also set. See note 3.

|
CERR | The device sets this bit if the collision indicator
| from the SIA comes on more than 2 microseconds after
| a transmission. That is, a collision has occurred
| despite the prevention measures built into the
| Ethernet. A collision after transmission of this
| sort is often used to test transceivers. See note 3.
I
BABL | This error bit indicates that the transmitter has
| been on longer than is necessary to send the longest
| possible packet, or message. This is egquivalent to a
| transmit timeout error. When this bit and the INEA
| bit are set, the INTR bit is also set. See note 3.
|
ERR | This bit is generated from a logical OR of the BABL,
| CERR, MISS, and MERR bits. It indicates that one of
| the error conditions has occurred. The MicroVaX
| software can use this bit to determine the cause of
| an interrupt from the device.

e i o o S~ —— S 1S " o S fooit it it o ot it o i S v oo wnos i o o v s

Notes:
1. TDMD is a write-only bit, and can be set only.
2. TXON, RXON, and INTR are read-only bits.
3. IDON, TINT, RINT, MERR, MISS, CERR, and BABL are read-
and clear-only bits. To clear one of these bits, write
a 1. These bits are also cleared during reset, and when
the STOP bit is set.

- — S IR SN MM G AR BN WD G NS NS SN G S S G B GRS WS W SIS NS e KM W NS S M G CIS WS W G W G W M SRR G OGN NS SN NN G SRS S W G R S G e S
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5.2.1.2 Initialization Block Address (CSR1 and CSR2) - These
words hold the address of the initialization block (IADR). CSR1
holds the least significant 16 bits, and CSR2 the remaining 8
high order bits.
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Bit 0 of CSR1l must be clear (0) because the LANCE accesses the
initialization block in words, not bytes.

5.2.1.3 Bus Master Interface Definition (CSR3) - Only 3 bits of
the 16 available are wused 1in this register. These allow the
controlling processor to modify the Dbus master interface, so
allowing the LANCE to be used with many different types of
processor. The bits in this word are cleared when the device is
reset (through a RESET signal on the I_O bus) or when the STOP
bit in CSRO is set.

Figure 5-3 shows the allocation of bits in the word, and Table
5-2 gives more information on the use of each bit.

15 14 13 12 11 10 9 8 7 L] 5 4 3 2 1 [

Reserved BSWP ACON}BCON

i 1 1 i i i i L L 1 1 2

ACON - ALE Contral
BCON - Byte Control
BSWP - Byte Swap

Figure 5-3: LANCE CSR3 Bit Allocation

Table 5-2: Content of the LANCE CSR3

| |
| The wvalue of this bit determines the function of |
| pins 15 (BMO), 16 (BMl), and 17 (HOLD) on the LANCE. |
| In the DEC MicroServer, BCON is cleared at power wup |
| or reset. In this case, pin 15 is a byte access |
| indicator, pin 16 is a bus acknowledge output, and |
| pin 17 is a bus request pin. Pin 15 is wused to |
| indicate whether a byte or word of data is being |
| accessed. Pins 16 and 17 are used in DMA operations. |
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dm—————— o o o o S e e e +
| | I
{ Name | Meaning and Use |
Frmm————— o o e e e e e e o e ———————— 2 e o e e o e e o +
1 [ l
| ACON | The value of this bit determines the assertive state |
| | of the ALE pin on the device when acting as master |
i | of the I_O bus. ]
| | |
| | In the DEC MicroServer, this bit is clear, so the |
| | ALE pin has a high assertive state at the start of a |
| | cycle and a low assertive state during the cycle. |
| | |
| BSWP | In some processor architectures bits 15 to 8 of a |
| | word is the least significant byte, rather than the |
| | most significant (as in the DEC MicroServer). This |
i | bit tells the LANCE which byte crdering the |
| | controlling processor uses. |
{ | |
] | This bit is always clear in the DEC MicroServer. |
tomm———— o e e o e +

5.2.2 Access to the CSRs

The MicroVAX processor accesses the CSRs through two ports on the
LANCE device:

o Register Address Port (RAP)
o Register Data Port (RDP)

These ports appear as words {(aligned on a longword boundary) in
the MicroVAX’s address map. To read a register, the MicroVAX
writes the CSR number (between 0 and 3) in the RAP and then reads
the contents of the RDP.

Similarly, to set a value in one of the CSRs, the MicroVAX writes
the CSR number in the RAP and then writes the desired value in
the RDP.

The MicroVAX processor can read or write CSRO at any time.
However, it can access the other registers only when the STOP bit
in CSR0O is set. Trying to access the remaining registers when
the STOP bit is clear causes undefined data to be returned for a
read, and the device ignores a write operation.
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5.2.3 Initializationm Block

During initialization, the device reads a block of information
from I/0 Buffer RAM. The MicroVAX indicates the start address of
the block (IADR) by loading CSR1 and CSR2. When the INIT bit in
CSRO is set, the LANCE reads the initialization block and uses it
to set the device’s internal data structures. When the device
has finished reading the block, it sets the IDON bit in CSRO.
This causes a device interrupt if the INEA (also in CSR{O) is set.

Figure 5-4 shows the content of the initialization block, and the
succeeding sections explain the content of each field.

Hexadecimal
address
MODE IADR
IADR + 2
— ETHERNET —]
PHYSICAL
- ADDRESS —
IADR + 8
LOGICAL
— ADDRESS ]
FILTER
. RECEIVE DATA _| mor«10
RING POINTER
IADR + 14
TRANSMIT DATA ]
—" RING POINTER

Figure 5-4: Format of the LANCE Initialization Block

5.2.3.1 Mode Field - The Mode field has 16 bits, and allows the
MicroVAX to modify the LANCE’s operating parameters. In normal
operation, this field is clear. Its main use is for test
software such as the DEC MicroServer’s on-board test (see Chapter
12) . Figure 5-5 shows the allocation of bits in the MODE field,
and Table 5-3 gives more information on each bit.
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t T Ll L4 ¥ T L
PROM| Reserved INTL | DRTY | COLL | DTCR|LOOP| DTX | DRX
i 1 1 1 i i i
COLL - Force Collision OTX - Disable Transmitter
DRTY - Disable Retry INTL  ~ Internal Loopback

DAX - Disable Receiver LOOP - Loopback
OTCR ~ Disable Traremit CRC PROM -~ Promiscuous

Figure 5-5: MODE Field Bit Allocation

Table 5-3: Content of the Mode Field

H

Setting this bit causes the Ethernet interface to
reject all incoming packets. In addition, the
receive buffer rings are not accessed. Setting this
bit causes the RXON bit in CSRO to be cleared when
initialization finishes.

the transmit buffer ring and so from sending any

packets. Setting this bit causes the TXON bit in

CSR0O to be cleared set when initialization finishes.
LOOP Setting this bit allows the device to operate in
full duplex mode. This feature is used by the DEC
MicroServer’s on-board test program to check the
Ethernet connection. When set, this bit limits
transmit packetsize to 32 bytes. The test software
sends out these small packets and waits for them to
return. Those returned may have four CRC bytes added
if DTCR is clear.
DTCR Normally, the transmitter generates and adds four
CRC bytes for each packet it sends. By setting this

L
|
|
I
-+
I
I
I
|
I
|
DTX | Setting this bit prevents the device from accessing
I
|
|
I
|
I
|
I
I
I
I
I
l
|
| bit, software can disable the CRC generation.

o s — i ——— — i WAUAR TS ot Voo oo o Vet o Vit P i mtatin i Nt Slmiints i it
s ke o o— — o S S ottt (Srts T TORTN o we i e —— o—— oo——— ovoiote Orosior e
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Table 5-3 (cont.)

+

I

|

|

+

| |

| This bit allows software to test the collision logic |

| in the device. When set, a collision will be caused |

| during the subsequent transmission. This results in |

| 16 transmission retries and an error report in the |

| transmit message descriptor (TMD). To use this bit, |

| the LOOP bit must be set as well. ]

i l
DRTY | Normally, the device will try up to 15 |
| retransmissions of a packet if an error occurs on |
| the original transmission. Setting this bit limits |
| the number of retries to 1. |
! |
| This bit is used with the LOOP bit to determine the |
| sort of loopback operation to do. If this bit is |
| clear, an external loopback is done. An internal |
| loopback is done if this bit is set. The setting of |
| this bit is ignored if the LOOP bit is clear. ]
| |
| !
| I

INTL

Setting this bit causes the device to accept all
incoming packets.

5.2.3.2 Ethernet Physical Address Field - The Ethernet Physical
Address Field has 48 bits (three words) and contains the physical
address that the device is to use. Figure 5-6 shows how the 48
bits are allocated to the three words. Notice that the least
significant bit (PADR<0>) must be zero.
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1 1 1 ] 1 i T ¥ [l ¥ 1 1 T
PADR<15:01> 0 IADRs2
1 i H 1 4 1 i i 1 i 1 ] 1 i
T L kD 1 T 1 a T ] 4 T 1 T 1] 1
PADR<31:16> IADR«4
i i 1 L 1 1 i i i i L i i i 1
T T 1 ] 1 1 T H L] 1] 1] ¥ L] 1 ¥ )
PADR<47:32> ADR+8
{ 1 i 1 1 i i i 1 1 i i 1 i ]

IPAoa - Physical Amﬁi

Figure 5-6: Ethernet Physical Address Field Bit Allocation

5.2.3.3 Logical Address Filter Field - This field determines
which of up to 64 logical addresses the unit will recognize.
Logical addresses have their least significant bit set to 1 to
distinguish them from physical addresses.

To process a logical address, the device:

1. Puts the incoming 48 bit address through the CRC
generator.

2. Copies the most significant six bits of the resultant
CRC in a register.

3. Uses this number as a bit offset into the address
filter.

4. If the appropriate bit is set, the address is accepted
and the packet will be transferred to memory.

So by setting one or more bits in this field, the MicroVAX can
establish the logical address(es) that the device will recognize.

Figure 5-7 shows the bit allocation of the filter.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

L L T T L L 1] 14 ¥ 1 T 13 1 Ll T

LADRF <15 00> IADR+8
i 1 i i 1 1] i i i 1 1 i 1 1 1
1 ¥ ki 1 4 ] ¥ L H 1 1 R ¥ T T

LADRF<31:16> IADR+A
i 1 i 1 i ] i 1 i 1 1 L i L i
¥ T H ¥ i 1 7 ¥ 4 T T | 13 ¥ ¥

LADRF<47:32> LADFC
i 1 i 1 ] 1 ] i H 1 1 L 1 i i
H ¥ H T T 1 k1 T k] 1 R 1] ¥ L 1

LADHF <63:48> . IADR+E
1 1 i 1 ] i i } L [] 1 i H i ]

[Lmnr - Logical Address Fnher]

Figure 5-7: Logical Address Filter Bit Allocation

NOTE

The device recognizes the Ethernet Broadcast
Address (address consisting only of 1ls) as a
special case and does not use this translation
technique.

5.2.3.4 Receive Data Ring Pointer - This field contains the
information on the ring of buffer descriptors for receive
operations. Figure 5-8 shows the format of this field, and Table
5-4 explains the content of each field.
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RDRA<15.03> 0 0 0 IADR+10

H i i 1 { i 1 ] } 1
v T T ¥ T T T T 3 T

RLEN Reserved RDRA<23:16> IADR+12

i i i 4 A L i, i i A i

RORA - Receive Descriptor Ring Address
RLEN - Receive Ring Length

Figure 5-8: Format of the Receive Data Ring Pointer

Table 5-4: Content of the LANCE Receive Ring pointer

b ——————— o e e e e e e e +
| | |
| Field | Meaning and Use |
| Name | |
fm———————— o e e e e e o +
! | |
| RADR | The start address of the ring of receive buffer |
| | descriptors. Note that the lower three bits of the |
i | address are zero, and so the ring must be aligned |
| | on a quad word boundary. ]
f | |
] RLEN | The number of entries in the ring. It is not an |
] | absolute number, but expresses the number of |
i | entries as a power of 2. Table 5-5 shows how many |
| | entries are indicated for each value of RLEN. ]
e ———— o e e e e e e +

Table 5-5 shows how the value of RLEN corresponds to the number
of entries in the ring.

5-13
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Table 5-5: Meaning of the Ring Entry Field

e o ——————— +
| I |
| Value of | Number |
| Length | of Ring |
] Field | Entries |
tomm e ——— e —— +
| | |
i 0 | 1]
] 1 [ 2 |
| 2 [ 4 |
| 3 | 8 |
| 4 | 16 |
! 5 I 32 |
] 6 | 64 |
| 7 | 128 |
fomm—— e ——— tommm—— e +

5.2.3.5 Transmit Descriptor Ring Pointer - This field contains
information on the ring of buffer descriptors to be used for
transmit operations. Figure 5-9 shows the format of the field,
and Table 5-6 gives more information about each entry.

TDRA<15:03> 0 0 0 IADR+14

i 1 1 1 i 1 b 1 L i
¥ T T ¥ ¥ T T T L ¥

TLEN Reserved TDRA<22:18> IADR+18

1 i 1 i i N i

TORA - Transmit Descriptor Ring Address|
TLEN ~ Transmit Ring Length

Figure 5-9: Format of the Transmit Data Ring Pointer
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Table 5-6: Content of the LANCE Transmit Ring Pointer

e e o o o o o +
| [ |
! Field | Meaning and Use ]
| Name | |
e e o o e e S o S S e B e e o +
| | |
i TADR | The start address of the ring of transmit buffer |
| | descriptors. Note that the lower three bits of the |
| | address are zero, and so the ring must be aligned |
| | on a quad word boundary. |
] | |
| TLEN | The number of entries in the ring. It is not an |
] | absolute number, but expresses the number of |
| | entries as a power of 2. Table 5-5 shows how many |
] | entries are indicated for each value of TLEN. |
e — - o o e e o e e +

5.2.4 Operation Sequence
So, to summarize the programming sequence for the LANCE:

1. Set wup the rings of receive and transmit buffer
descriptors.

2. Set up the Initialization Block.

3. Set the address of the Initialization Block (IADR) in
CSR1 and CSR2.

4, Set the wvalue of CSR3 to 0.

5. Set the INIT bit (plus any other bits such as INEA) in
CSRO.

6. When the resultant interrupt occurs, set the STRT bit in
CSRO.

5.3 SIa

The SIA (device type AM7992) is a Manchester Encoder/Decoder
compatible with both the IEEE 802.3 and the Ethernet
specifications. The SIA converts the TTL level signals that the
LANCE uses to the differential signals used on the Ethernet. The
device also watches for collisions on the Ethernet, and provides
the LANCE with a collision detection signal when necessary.

5-15
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The SIA works under control of the LANCE and so needs no
programming.

The device does not use the system clocks, and instead uses its
own clock generated from a 20 MHz crystal, as Figure 5-~10 shows.

AM7992
SIA

100pF o

5 ’

7 ;-C'_’J.L 20MH .

z

N =1 X2

vl

100pF

ov

Figure 5-10: SIA Clock Source B
5.4 Bus Multiplexer
The LANCE accesses data in 16 bit gquantities. However, the

Buffer RAM and the 1I_O bus handle 32 bit quantities. So the
multiplexer is provided to interface the device to the I_0 bus
and Buffer RAM,

The multiplexer switches either the low order word of the bus or
the high order word to the 16 address/data pins on the LANCE.
Whether the high or low word is selected depends on the state of
a control signal (called HISEL).

The low order word is selected in the following cases:
¢ When the LANCE is bus master and is sending out an

address. In this <case, the LANCE uses its data and
address pins to send the lower 16 bits of the address.

o Data transfers that use low word addresses. This 1is
determined by the state of Bit 1 on the I_O bus. If
that bit is clear, the low word is being addressed. So

in the subsequent data cycle, the low word.is switched
to the LANCE data and address pins.

5-16




& k!
£

Ethernet Interface
DIGITAL Internal Use Only

o All transfers when the LANCE is a bus slave. For
example, when the MicroVAX processor is setting the
contents of the CSRs.

The high word is selected only when the LANCE is bus master and
is transferring information to or from a high word address.
Again, the state of Bit 1 of the address on the I _O bus
determines this and, during the subsequent data cycle, the high
word is switched to the LANCE data and address pins.

5.5 Interrupts Generated

The LANCE is the only device in the Ethernet Interface that can
generate an interrupt. It can generate just one interrupt, but
this can indicate a number of different events. To enable the
interrupt, the MicroVAX must set the INEA bit in the LANCE CSRO
register.

Subsequently, the MicroVAX is interrupted (through the VIC)
whenever any of the following events occur.

¢ Initialization complete =~ the LANCE has read the
initialization block.

o Transmission complete -- the LANCE has finished sending
a packet. This event occurs when the final buffer in a
chain is sent. On receiving the interrupt, the MicroVax
can check the status information in the buffer
descriptor to make sure that the transmission was
successful. See Chapter 15 for more information on
buffers and their descriptors.

© Reception complete -- the LANCE has finished receiving a
packet. This event occurs when the final buffer in a
chain is received. When it receives the interrupt, the
MicroVAX can check the status information in the buffer
descriptor to make sure that the receive completed
successfully. See Chapter 15 for more information on
buffers and their descriptors.

© Memory error =-- this event indicates that a memory
access made by the LANCE has timed out.

0 Missed packet ~-- this event indicates that the LANCE
missed an incoming packet because no buffer was
available to store it.
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© Babbling -- this event indicates that the LANCE has been
trying to send a message longer than the maximum allowed
on an Ethernet.

To find out the cause of the interrupt, the MicroVAX examines the
CSR0 register in the LANCE. This has bits allocated for each of
the events, and so the MicroVAX can take appropriate action.

5.6 Ethernet Address PROM

Each DEC MicroServer unit has a unique Ethernet address. This is
held in a 32 byte PROM on the MicroVAX bus. Since the PROM is a
byte memory, each byte is aligned on a longword boundary, between
addresses 26000080 and 260000FF (hexadecimal). This arrangement
means that the bytes appear in the least significant byte of each
longword.

The memory contains multiple copies of the address, together with
checksums. All this ensures the integrity of the address.
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Chapter 6
TMS Processor and Synchronous Control

6.1 Overview of the Synchronous I/0 Logic

This chapter, together with Chapter 7, gives more detail on the
synchronous side of the DEC MicroServer’s architecture. Figure
6-1 is a detailed block diagram of the synchronous circuitry.

FIFO
} [ 1 ‘
Decode o
{A l ssL £%
=
™S ™S Modem
32020 RAM Registers rJ
T ' I Deta 1 }
TMS Bu:
S Bus| e pusce || ousce
Bus Address
isolator Bufter Decode
Bus VAX [ i ;
Arbiter | | Emulator l
DMA DMA

Figure 6-~1: Detailed Block Diagram of the TMS and SCC Buses

Notice that the TMS bus has separate address and data lines.
This is the only bus in the DEC MicroServer with this
arrangement. All the other buses have multiplexed address and
data lines.

Chapter 7 deals with the Serial Support Logic (SSL), the DUSCCs,
and the line interfaces. This chapter deals with the rest of the
blocks in Figure 6-1.
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6.2 The TMS 32020 Processor

At relatively low data speeds, the MicroVAX processor could
directly handle all the system’s communications ports. However,
the MicroVAX processor doesn’t have the capacity by itself to
handle the synchronous data speeds that the DEC MicroServer
provides.

Therefore, the DEC MicroServer uses a second processor (a TMS
32020 device) to manage the synchronous side of the system. The
TMS 32020 is a specialized signal processor and carries out these
tasks:

© Setting up transfers between the I/0 ports and Buffer
RAM '

o Checking incoming packets for errors

© Providing a convenient interface to the LES modem
control and status registers

Using the TMS 32020 also enables a simpler interface between the
MicroVAX software and the synchronous I/O ports. The MicroVax
uses control blocks and ring buffers under a similar scheme to
the Ethernet Interface. The TMS 32020 provides detailed control
of the I/O ports, using the information in the control blocks.

The TMS processor has many important and unusual features.
Features of particular interest in the DEC MicroServer are:

© Separate program, data, and I/O address spaces

© Word (16 bit) architecture

© 544 words of RAM on the device

© Ability to move large amounts of data quickly due to
fast cycle time (200 nanosecond) and high-speed program
execution (between 2 and 3 mips for a typical
instruction mix)

You can get full details of the device by reading the literature

listed in Appendix I. The following subsections give some
explanation of how the device is used in the DEC MicroServer.




'fﬂu.yE

TMS Processor and Synchronous Control
DIGITAL Internal Use Only

6.2.1 Address Spaces

The architecture of the TMS 32020 has three separate address
spaces:

© Program
o Data
o I/O

Addresses in each space start at zero, so for each address put on
the address bus, the processor has to indicate which space it
applies to. It does this by asserting one of the PROGMEM, DATMEM
and IOADD signals. For example, when DATMEM goes low, the
address bus contains the address of a 1location in data memory
that the processor is accessing.

In the DEC MicroServer, the program and data address spaces use
the same area of physical memory (see Section 6.3).

In the DEC MicroServer, I/0 address space is used for:

© Synchronous control and status registers (see Section
6.4 for more details of these registers)

© Accessing the registers in the SSL
o Triggering and resetting an interrupt to the MicroVax

Appendix B has details of the TMS 32020 address maps.

6€.2.2 Interrupts

The DEC MicroServer uses four of the TMS 32020’s maskable
interrupts:

o INTl1 -- comes from either DMA controller (DMAINT). The
synchronous control and status registers show which
device generated the event. Note that the DMA request
from the channel 3 receive logic is wired to INTl1 and to
the BIO line to enable the TMS to simulate a DMA
channel. This acts to free a "real"™ DMA channel to act
as a MicroVAX window into the I/0 memory space.

o INT2 ~-- comes from either puUscCcC (SERINT) . The

synchronous control and status registers show which
DUSCC generated the event.

6-3
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0 RXINT -- used for DUMP REQUEST from the MicroVAX.
o TIMERINT -- used for timer functions.

The device has one other maskable interrupt (called INTO), which
is wired to the SSL board (see Section 7.4). Chapter 10 has
details of the interrupts into the TMS processor, and those it
generates.

6.3 TMS RAM

The TMS RAM is organized in banks of 16K words. There can be up
to two banks in the system, and Figure 6-2 shows the general
arrangement of the memory. The initial product wuses one bank,
leaving the other available for future expansion.

B DSPADD <13:0> Z
A W///////’///ﬁé

’g Bank 0 E Z
& g
8 ] é
3 o 3
a DATMEM RAMO ‘.‘:. g
st GLOBCY Bank (=] %/
3 o 2
» RSTDSP | Logic = ///”
2 PAGED RAM1 é
DSPADD<14> 1 g

s %

Ywo by %

. sv— ] Bank 1 é

| ospapD <13:0> é

S I W?

é

Figure 6-2: The TMS RAM Block

Most of the time the TMS processor is the only user of the
memory. The bank selection logic uses bit 14 of the TMS address
bus together with the PROGMEM, DATMEM and GLOBCY signals to
select the appropriate memory bank.
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The selection logic also enables the MicroVAX to access the
memory (when loading the TMS firmware or when dumping the
system). Here, the logic decodes the RSTDSP and PAGEO signals to
determine the correct bank to use.

The link (W9) is fitted only when the system includes two memory
banks. Without the link, Bank 1 is not recognized, even if the
bank itself is connected. The link also provides the appropriate
level for the TMSMEM status indicator.
The way that the RAM is used depends on:

1. Whether one or two banks are fitted

2. Which processor is accessing the RAM
The following sections cover:

1. TMS access when there is only one memory bank

2. TMS access when there are two banks

3. MicroVAX access

6.3.1 TMS Access With One Memory Bank Fitted

With only one memory bank in place, any TMS access to the lower
32K of address spaces asserts the RAMO selection signal. Both
program and address spaces run from 0 to 32K, so overlap in
physical memory. This gives maximum flexibility in the way the
memory can be used.

6.3.2 TMS Access With Two Memory Banks Fitted

Two memory banks would be used when all the code and data for the
TMS processor cannot fit into one bank. So using two banks means
that one can be used as the program memory and the other as the
data memory. However, this would 1lose some flexibility and
restricts each address space to a maximum of 16K words.

The DEC MicroServer uses a compromise between separate data banks
and overlapping address spaces. Table 6-1 shows which bank is
selected for program and data addresses up to 32K.
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Table 6-1: TMS Address Decoding for Two Memory Banks

b e e o e e e e +
| ] [
} Address j Bank Selected |
| Value (Hex) | |
e o o ————— o o e +
| | ] |
{ | Program | Data I
| | Address | Address |
o v e e e ——— +
f | I |
| 0 to 3FFF | RAMO | RAM1 |
| i | I
| 4000 to | RAM1 | RAMO |
| 7FFF I | |
G, ————— dmm———————— o o e e +

To summarise: between addresses 0 and 3FFF, the RAM0O bank is
used for program and the RAM1 bank for data. Between addresses
4000 and 7FFF, the RAM0O bank is used for data and the RaM1 bank
is used for program.

6.3.3 MicroVAX Access

MicroVAX access to the TMS RAM 1is restricted. The selection
logic only recognizes the VAX generated signals when the TMS
processor is reset (through the RSTDSP bit in the System CSR).

The MicroVAX accesses the TMS memory through the DMA window. The
MicroVAX sees the TMS memory as a 16K word address space in the
DMA window. Thus, when two banks of TMS RAM are fitted (total
memory space 32K words), the MicroVAX cannot directly address all
32K of available memory. Therefore, the MicroVAX also has to
indicate which bank it is accessing.

The MicroVAX can use the TMSMEM bit in the System CSR to see how
many memory banks there are. If there are two memory banks
(TMSMEM is cleared) the MicroVAX uses the PAGEO bit in the CSR to
indicate the bank being addressed. When PAGEO is clear, bank 0
is accessed when addresses between 0 and 3FFF (hex) are used on
the TMS bus.

The TMS RAM is strictly a word memory. So the MicroVAX (through
the DMA controllers) must use word access instructions only.
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6.4 Synchronous Control and Status Registers

The I/O space in the TMS 32020 is used for registers that control
the synchronous I/0 ports and the SSL. Figure 6-3 shows how the
I/0 space is used.

MDSFD 0 0cRD
MDSR 1 MOCRY
MDSR2 2 wocRa
SSL Osia Register 3 SSL Data Register
" Set TMSINT
: : 5 Cloas TMSINT
L] Turn on Window Access Block
B Reserved 1 7 Rosst EOF Port §
B I
— 1 s I Fasarved -
L =4, F -
SSL Address Register 8 S, Address Regisier
c
s P - -
- Reserved o ° e Reaerved e
e ) E — o
F
Rend we

Figure 6-3: Allocation of the TMS32020 I/O Space

The first three addresses contain both the control and status
registers. Writing to one of these 1locations changes the
information in the appropriate control register. Reading that
location fetches the content of the corresponding status
register. For example, writing to location 1 sets the contents

of MDCR1l, while reading that location fetches the contents of
MDSR1.

The control registers are:
¢ IOCRO ~- Port control
© MDCR1 -- Modem control for ports 0 and 1
0 MDCR2 -- Modem control for ports 2 and 3
The status registers are:
o MDSRO -- Cable code

© MDSR1 -- Modem status for ports 0 and 1
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o

MDSR2 -- Modem status for ports 2 and 3

Sections 6.4.1 to 6.4.7 give more details on how these locations
are used, except for those containing the SSL registers. Section
7.4 deals with the SSL registers.

6.4.1 Port Control (IOCRO)

The OBT and the TMS firmware uses this register to set and reset
certain port events:

1. Test mode -- used by the OBT so it can check out the
ports

2. Reset End of Frame -- clear the end of frame flags

3. Receiver Interrupts -- generate the port receiver
interrupts to the MicroVAX processor

4. Transmitter Interrupts -- generate the port transmitter
interrupts to the MicroVAX processor

5. Enable the window access blocking mechanism

The register has five fields, as Figure 6-4 shows. Table 6-2

explains the content of each field.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
! | I I | I | ! Enable I I I
Transmitter Interrupts Receiver Interrupts Reset End of Frame | Wind. Port Test
[ [ | l | | | | Block | | | |

Figure 6-4: The Port Control Register (IOCRO)
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Table 6-2: Fields in the Port Control Register

e - -
|

| Field Name
| Active on

i LOW/HIGH

+ —————————————
|

| Port Test

| LOW

|

I

|

|

!

!

+ —————————————
|

| Enable

| Window

} Block

| HIGH

+ _____________
|

| Reset End
| of Frame

| LOW

|

|

!

|

I

|

I

!

!

|

]

|
- o o o

This field is the master control on the window
access blocking mechanism used in 2M bits/s
operation. Section 6.4.6 explains this
mechanism in detail.

W - G D ASS S W W W W R A M SN D W e AR SR G NS W U THY TR WS VER SR WM KUM Ve A WU WU SRR M S W ON NS WS S W S

———————————————————————————————————————————————— -+
l

Meaning |

I

!
................................................ +
|

The On-Board Test clears these bits to |
indicate that it is running and testing the |
ports. Once the normal firmware runs, it sets |
these bits. |
[

One of these bits is allocated to each of the |
synchronous ports. Figure 6-5 shows the bit |
allocation. |
———————————————————————————————————————————————— L
|

|

I

|

I

At the end of every received frame the DUSCC
generates an End of Frame signal. This stops
the clocking of data out of the receive FIFOs
giving the TMS processor time to process the
frame.

+
|
|
|
|
|
|
To start reception of the next frame the TMS I
processor has to reset the flag, and it does i
this by clearing the appropriate bit in this |
field, and then setting it again. |
!
|
I
!
|
+

This field contains bits for ports 1, 2, and
3. The bit for port 1 is the least significant
in the field. Section 6.4.7 explains the Reset
End of Frame mechanism used for port 0.

D S N TN R WSO BN W G O SN WAR Y WD AR R KR A R A G W G GOR WAE T SGR AON NG S G G SOR BSOS GOR GN GOR W GNS N TN N WS B O M
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Table 6-2 (cont.)

T N 1 S T W S o —_ W, W VAR T WS W N W W W S - W S TR iR M S WA ML W S G A SN SR WS M Y e WA B e A e

Receiver
Interrupt
HIGH

The TMS processor uses four interrupts (named
RXINTO to RXINT3) to tell the MicroVAX that it
has finished processing a ring entry for the
appropriate receiver. The TMS processor
generates these interrupts by setting and then
clearing the appropriate bits in this field.

One of these bits is allocated to each of the
synchronous ports. Figure 6-5 shows the bit
allocation.

G T O W GO o A T O WS W5 o SN NS W e W G W TR NS WD N WAL AR WS S W G WL G WO G S G W G v R M SRR S W W AER WM GRS KN NS Ghe G AW T I W KD R W

Transmit
Interrupt
HIGH

The TMS processor uses a further four
interrupts (named TXINTO to TXINT3) to
indicate that it has finished processing a
ring entry for the appropriate transmitter.
The TMS processor generates these interrupts
by setting the appropriate bits in this field.

One of these bits is allocated to each of the
synchronous ports. Figure 6-5 shows the bit
allocation.

Rl R e R Rk ko kR —

Most Least

significant smnmcwu
bit bit

Channel | Channel Channel |} Channel
3 2 1 0

Figure 6-5: Allocation of Bits to I/0 Ports
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6.4.2 Modem Control Registers (MDCR1 and MDCR2)

The two modem control registers provide identical levels of
control over each port, so the format of the two registers is
very similar. MDCR1l contains information for ports 0 and 1,
while MDCR2 contains information for ports 2 and 3. Only bit 15
is unique to each register.

Figure 6-6 shows the format of the two registers, and Table 6-3
explains what each field means.

10 9 8 7 6 5 4 3 2 1 Y

15 14 13 12 11
Cable | v.35 |Rs-422kRs: v.35 |rs-422|rs-2az{ cen | conr | corrr | eenr Leerr | o | conrf cenr
Solect | EN3%%® lsgiect

Ground | Select | Sefact Select |Select § 141 | 11¢ Jrom2 | 140 | ta1 § 111 J108.21 140 MDCRY

Port 1

Port 0 +F Port 1 i b Port0

V.35 IRS-422R5-232 v.35 |RS-422{Rs-2a2] corr| cort § cent fcen jeoirr f conr | conrr | cony
Enable |Setect | Sotect [Setect | EM2P¥® [seiact | Sotect [ Sotect | 141 | 111 fro82 | 1a0 | et | 111 |108-2] 140 MOCH2

Port3 -4 L5 Port 2 1% Port 3 -4 ¥ Port 2

Figure 6-6: Modem Control Registers (MDCR1 and MDCR2)

Table 6-3: Fields in the Modem Control Registers (MDCR1l and

MDCR2)
fommm—————————— o o o e e e e e +
| | . ]
| Field Name | Meaning |
| Active on | |
| LOW/HIGH | |
et o e — e —————— +
| | |
| CCITT 140 | Set remote loopback (CCITT circuit 140). Tells |
| LOW | the modem to set up a remote digital loopback. |
o ——————— e o o e e +

6-11
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Table 6~-3 (cont.)

- —— - -

CCITT 108-2
LOwW

- —r - 0w -

CCITT 111
Low

. -

CCITT 141
LOW

RS-232
‘Select
LOW

RS=-422
Select
LOW

- ——— - - -

T D T G G 6 G GV W W WU WS W SR W W TER WD SN WD SWS WU D G W SOG W S W TED GWe GNR T SN WUR MEN GIN WER GAR W Guk W W MW e e s

Data Terminal Ready (CCITT circuit 108-2).
Indicates to the modem that the DEC
MicroServer is ready to send or receive
information on the channel.

T O S W G oo . S W NG WAL N WNR SOR N M WA WS SRS GAR WA G WY TN YN WO WY WeS NG W W NS SN M W S W A W G wam

Data Rate Signaling Selector (CCITT circuit
111) . For modems that can use one of two
signaling rates, this circuit lets the DEC
MicroServer select which to use on this
channel. When this circuit is enabled, the
higher of the two rates is used.

Ll R e e kS —

Set Local Loopback (CCITT circuit 141). Tells
the local modem to loopback data.

O A 0 D Gn W SWS WD RaN AAN SRR TWA WS GWR UM WA W MIe MRS W N S G T T R NGNS S M WS G W GGN SN S Em e W e W R
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Table 6~3 (cont.)

+
f
i
i
!
i
i
i
i
i
i
]
i
i

- -G W e o fn S e e S W OB W Aee AN W W G S WS W M SAE WS R MR SR OWE GW G DGR NG GG G G M MR SN MR S GED T R AR T S SN B e S G Gu e S s

Enables the modem control values set up in
bits <7:0> of the register.

Notice that there is only one Enable bit in
each register. So, setting this bit enables
the modem signals for the appropriate pair of
channels, and enabling individual channels is
not possible.

Enable switches on the line driver (for
example, RS-422) selected by the previous
bits. Whatever values are contained in bits
<7:0> are now driven onto the line. When not
enabled, the modem control lines are in the
high impedance state (tri-stated).

-~ - . o e WS N W G W D e R M D G G G SR W W SR M G U R MR W NS S G ARR R SR SN R RN G MU e R e GRS G SRR S e G 4SS G e G0 R G GO G W S e e

Controls the sense of the cable code values in
MDSRO. This enables the On-Board test to
invert the code values to check that the
register has no bits stuck at particular
values. Section 6.4.3 shows you how this field
is used.
———————————————————————————————————————————————— +

Code Ground
LOW

e e s e e e e S o st e e et i i o o s o e e

+
'
]
|
!
i
i
i
i
!
1
1
|
[}
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Table 6-3 (cont.)

tmmm—————————— o e e ——————————— +
| | l
| Field Name | Meaning ]
| Active on | ]
i LOW/HIGH | I
Frmm——————————— e e e e e e e +
| ] I
{ DMA INT | The BIO pin is always connected to the TMS. |
| Enable | DMA INT Enable enables the DMA Interrupt from |
| LOW | the channel 3 receiver. The BIO pin is used in |
| | the interupt service to distinguish between a |
] | normal DMA INT and a channel 3 interrupt. ]
| | <paragraph> The DMA channel is permanently |
i | configured as a window into the I/0 memory, so |
| | the TMS software emulates the DMA function by |
| | windowing data through to the I/0 memory from |
| | the DUSCCs. <paragraph> If DMA INT Enable is l
| | clear, the processor will be interrupted each |
] | time the channel is needed for data transfer. |
tem e ————— e ———— +
| !
| Notes: |
| :
} 1. The system software must make sure that only one of the |
] protocol select bits is set at any one time. |
| !
| 2. On reset, all the CCITT circuits are disabled, V.35 is |
] clear (0), and RS-232 and RS-422 are set (1). i
| |
| 3. Except for V.35 Select and Modem Control Enable, the |
| processor disables a feature by setting the appropriate |
| bit to 1. In the case of V.35 Select and Modem Control |
| Enable, the processor clears the appropriate bit to 0. |
o e e e e e e e —————————— +

6.4.3 Cable Code (MDSRO)

Each type of adapter cable has a unique code. By reading the
Cable Code register, the TMS processor can determine which cable
is attached to which port. Figure 6-7 shows the format of the
register.
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7

6 5

4

3 2 1

0

Y T T
CABLE CODE 3
] i i

1 ¥ T
CABLE CODE 2
1 i 1

1 L] ¥
CABLE CODE 1
i i i

T T T
CABLE CODE 0
i 1 1

Figure 6-7:

There is one field for each channel,

and the wvalues that
appear are controlled by the Code Ground field of MDCRI1.

The Cable Code Register (MDSRO)

Ground is set, the values that can appear in each field are:

0
1

w N

B

F

If Code Ground is clear, the
values that can appear are:

1
4

B

No cable connected
V.35 cable
RS~-423/V.24 cable
X.21 cable
RS-422/V.36 cable

Manufacturing loopback connector

H3199 loopback connector

opposite

H3199% loopback connector

sense 1is

Manufacturing loopback connector

RS-422/V.36 cable

6-15
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X.21 cable

C
D RS-423/V.24 cable
E V.35 cable

F

No cable connected

6.4.4 Modem Status Registers (MDSR1 and MDSR2)

The two modem control registers provide identical status
information for each port, so the formats of the two registers is
very similar. MDSR1 contains information for ports 0 and 1,
while MDSR2 contains information for ports 2 and 3. Only bits 0
and 8 are unique to each register.

The registers are directly linked to the modem 1lines and so
provide instantaneous indications of their state.

Figure 6-8 shows the format of the two registers, and Table 6-4
explains what each field means.

5 14 13 12 1 1w 9 8 7 6 5 4 3 2 1 0
g;mcmccmwwmmmsr%’ccmmmmmmmw
o7 [125 [109 106 | O |1e2 |ATS |Tg lio7 |25 |10s |16 | O |14z | TS |
! Port 1 4 t Port 0 {

5 14 13 12 1 1w ¢ 8 7 6 5 4 3 2 1 o0

107 |125 |100 |106 | DM |142 |RATS ’g 107 [125 [109 |106 | O |142 | RTS '?g

! Port 3 4 ¢ Port 2 4

Figure 6—8: Modem Status Registers (MDSR1 and MDSRZ2)
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Table 6—-4: Modem Status Bits for MDSR1 and MDSR2

Test RTS These fields, and the Test DTR fields are used
to test the RS-232 interface. When used in full
loopback there are insufficient line receivers
to fully test RS-232. So, these fields are used

to test the "spare" signals.

To test one of these signals, the OBT enables
the appropriate signal, and then examines this
register to see if the field is enabled.

S . W R e S GE G WM We M We We GWE GNS RIS WA GBS W G CHR GER GEE GHE WS WD T R S GNE SN G S S W R SO A M W T . a0

F o e e —

- - —— . -

Current state of Test Indicator (CCITT circuit
142). If this bit is clear, then circuit 140 or
141 has previously been used to set up data
loopback.

A W G G A W S M W W N W M W G SR AR e N DA GER S M NN G A Y G SEN GO6 WO TN T UR M W T SWR AUV R C W G BN S e G A S A R S e

Status of the Ready for Sending signal (CCITT
circuit 106, or Clear To Send). This bit is
asserted in response to a Regquest to Send signal
to indicate that the modem is ready to send
information.

A S S K G e me SR My W T W SR WOR WY BN SR RO SN WOR OGN W NS WEA AT W S N N G G M SR S R N TER WL NI S NN WS W SRR GTR WM W S SAN WPV CON e WED R W G o

Carrier Detect {(CCITT circuit 109). Used to
indicate that the line carrier signal is within
the prescribed limits.

W S e MY G W G WS W W GRS R W W WA UM AR W G SRS SN TR SN N TR G N N G S GO AR A AD N W G W R W W OO

Calling indicator (CCITT circuit 125, or RING).
Indicates whether a calling signal is being

———— e e e e

- WS N W R S G o A S AN ORGSR BOP A M M SN SN WS TN WS WS WD AR S N GO N TAN W IR DR VI MM W VR M W D GUR G IS NS R G O T O R S SO -

Data Set Ready (CCITT circuit 107). Indicates
the the modem is ready to receive data.
__________________________________________________ +

o)
Q
H
e
3
..-._I
o
~J
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Table 6-4 (cont.)

|
|
+
i
DMA INT | These bits contain the interrupt status of the
| DMA devices. The INT2 interrupt on the TMS
| processor is asserted when either of the DMA
| devices generates an interrupt. The processor
| can then tell which device generated the
| interrupt by reading these bits. The bit that is
|

asserted shows which device interrupted.

|
[
I
|
]
|
]
|
-+
| |
SER INT | These bits contain the interrupt status of the |
| DUSCC devices. The INT1 interrupt on the TMS |
| processor is asserted when either of the DUSCCs |
| generates an interrupt. The processor can then |
| tell which device generated the interrupt by |
| reading these bits. The bit that is asserted |
| shows which device interrupted. |
+ +
I
|
|
I
l
I
|
|
-+

O SO NI T G M SR W R GNR DU G W WS N NER WU WM G MMM MW B WS W N NN W W W A e TS W W G WS MM WA W AR W SR WA WO SR SEM GMR SWR SR G KRR TER M AWR WA TES A W GWN SER e A

In these registers, all bits use negative logic. That is,
the presence of a signal is indicated by the appropriate
field being clear.

For example, when one of the DMA devices generates an
interrupt, the appropriate field in MDSR1 is clear while the
other DM INT field is set.

W A . A N O S W VO WO M B T G G W W G N WU e S R S Wi W A W TR W SRS WA G W W M WG WOR WS NS SER Wme MR G W W W NN M G B AR WK e A 000 e Sew

6.4.5 TMS Interrupt Control (TMSINT)

An extra signal (called TMSINT) allows the TMS processor to
interrupt the MicroVAX processor. The TMS generates the
interrupt each time it changes the Global Status Register or any
of the Port Status Registers. These registers are part of the
Synchronous I/0O Control Block, which Section 6.6 deals with in
detail.

To generate the interrupt, the TMS processor performs a write
operation on I/0 address 4. The supplied data is not important -
it is the write operation itself that triggers the interrupt.
The processor clears the interrupt by performing a write
operation on I/0 address 5. Again, it is the operation that

6-18




T™MS Processor and Synchronous Control
DIGITAL Internal Use Only

resets the interrupt, not the data supplied.

6.4.6 Window Access Hold-Off

The device used in the I/0 ports (the DUSCC) has a small transmit
FIFO. During a transmission, this FIFO must not be allowed to
empty or else the transmission may underrun and cause the packet
to be aborted.

The DUSCC is supplied with data through the DMA devices, which
the TMS processor also uses to fetch contrel information from the
Buffer RAM. So, there are two potential users of the SCC. At
data speeds below 256K bits/s, this presents no problem as the
port can use the bus often enough to prevent the FIFO from
emptying.

At higher speeds, however, there is a danger that the TMS
processor can hold off the DUSCC long enough for the FIFO to
empty. To avoid this problem, the DEC MicroServer includes a
blocking mechanism to prevent the TMS processor accessing the SCC
bus while a frame is being transmitted. This prevents
transmitter underrun at high speeds.

The blocking mechanism is under full control of the TMS processor
and is reset at the end of each frame.

The TMS processor enables the blocking mechanism by setting the
Enable Window Block field in IOCRO. Then, on starting the
transmission of each frame, the processor performs a write
operation on I/0 address 6. This enables the blocking mechanism,
preventing a TMS window access overriding a DMA transfer to the
puUscCcC.

At the end of the frame, the TMS processor is interrupted and the
blocking mechanism is disabled. The TMS can then use the SCC bus
to access the Buffer RAM without restriction. The TMS processor
enables the blocking mechanism again before sending the next
frame.

6.4.7 Reset End of Frame 0

The Reset End of Frame field for Port 0 is in the TMS I/O space
instead of in IOCR0. To reset the flag, the TMS processor simply
performe a write operation on I/0 address 7.
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6.5 Control of the I/0 Processor

Ultimately, the software in the MicroVAX has control of the TMS
processor. The software gives "commands" to the I/O processor to
do tasks such as:

o Turn lines on and off
o Initialize the receivers and transmitters
o Send and receive information over the synchronous lines

In return, the TMS processor returns status information that
shows whether a command completed successfully, or whether
there’s been a change in the state of the I/0 ports.

The two processors use an area of the Buffer RAM to exchange
commands and status information. This area is called the
Synchronous 1/0 Control Block.

Every 2 ms, the TMS processor looks in this block to see if there
are any new commands. The MicroVAX is interrupted if there are
any changes in status information.

Buffers for the information that the system sends and receives
are also in the Buffer RAM. Each buffer has a header that the
TMS processor and the MicroVAX use to exchange information such
as the location of buffers, the size of messages in those
buffers, and error information.

Section 6.6 explains the format and content of the control block.
Chapter 15 covers the details of the buffers and their headers.

The MicroVAX processor can also control the TMS processor through
the RSTDSP bit in the system CSR. When the TMS processor is
running, the MicroVAX cannot access the TMS RAM or the TMS
processor’'s address space. However, to reload code or to dump
information, the MicroVAX has to access these devices. To do
this, the following protocol is used:

1. The MicroVAX clears, then sets, the RSTDSP bit in the
system CSR, forcing the TMS to dump its on-chip memory.

2. The MicroVAX waits approximately 10 ms for the TMS to
complete the dump.

3. The MicroVAX then clears the RSTDSP bit to allow itself
access to all locations in the TMS address space (whilst
the TMS is reset).
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4. The MicroVAX then sets the RSTDSP bit to restart the
TMS.

6.6 Synchronous I/0 Control Block

The Synchronous I/0 Control Block is the interface between the
MicroVAX and the TMS processor. Each of the fields in the block
is written by one processor and read by the other. This,
together with the inherent exclusive access to the I_O bus, means
that none of the fields is shared. So, there is no need for the
overhead of an interlocking mechanism.

The block is 128 bytes long, and Figure 6-9 shows its overall
format. The offsets give the relative addresses of each section
for both processors. The block is aligned on a longword boundary
and must be in the same 16K byte block as the synchronous ring
buffers.
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Ulfsels
VAX
Global Control 0 0
VAX Alive Counter < 1
Ring Block Addrass 4 2
8 4
Port Command Registers
Giobal Status 18 C
TMS Processor Alive Lounter TA D
1©C E
Port Status Registers
Modem Masks 2 12
28 14
Modem Control
and Status
Registers
46 23
Reserved
50 28
Port Initialization Blocks
, 90
Desuqg Registors
AQ
Reserved

Figure 6~9: Format of the Synchronous I/0 Control Block
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The following sections explain the content of each section of the
control block in more detail. These sections use figures to show
the make up of each section more clearly. The offsets shown are
those from the start of the Synchronous I/0 Control Block.

6.6.1 Global Control

The Global Control register provides overall control of the TMS
processor. At present, only bit 0 of the register is used. When
set, this bit indicates that high data speeds (greater than 256K
bits/s) are to be used. The TMS processor’s firmware uses this
bit to determine whether to use the Window Blocking Mechanism
against underrun at high speeds.

6.6.2 Ring Block Address
This section contains the address of the synchronous ring block.

The first word contains the low order bits. See Chapter 15 for
details of the synchronous ring block and how it’s used.

6.6.3 Port Command Registers

The port command registers contain four pairs of registers, one
pair for each port as Figure 6-10 shows.

6-23




TMS Processor and Synchronous Control
DIGITAL Internal Use Only

Block Offsets_

VAX ™S
Port 0 Receiver Commands 8 4
Port 0 Transmitter Commands A 5
Port 1 Receiver Commands C 6
Port 1 Transmitter Commands E 7
Port 2 Receiver Commands 10 8
Port 2 Transmitter Commands 12 9
Port 3 Receiver Commands - 14 A
Port 3 Transmitter Commands 16 B

Figure 6-10: Port Command Registers

As the figure shows, there are separate transmit and receive
registers for each port. Table 6-5 summarizes the values that
can appear in each register, and what each value means. For
details of each command, see Chapter 14.

Table 6-5: Synchronous I/0 Commands

o e e o e 0 o e o o e e +
I | |
| Value | Function |
| (Hex) | I
o ——— o o e e o +
| . 1
| Receiver Commands |
- o e e o +
| 1 , |
] 0 | TMS processor has read the previous |
| | command |
o o o o e O e +
| | !
] 1 | Initialize receiver |
e o e O e e +
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Table 6-5 (cont.)

E o o e o et e e e +
| ! I
| Value | Function |
| (Hex) | |
- ———— e +
| | |
| 2 | Start receiver |
o e o e e e e o e +
i | . !
| 3 | Stop receiver immediately ]
fo——————— o e e e e e e e e e e +
| I |
] ) | Turn the line off I
form—————— tm————— - o o e e ——————————— +
| ]
| Transmitter Commands |
fm——————— o e e e e o e +
| | |
| 0 | TMS processor has read the previous |
| | command ; |
fomm—————— - ———— - e e e e e +
i | |
| 1 | Initialize transmitter |
e ——— o e e e e e e +
| | _ |
| 2 | Start transmitter |
dmm—————— o o e o e e +
] ! |
| 3 | Stop transmitter and abort current |
| | packet ;
tmm—————— o e +
| I I
| 4 | Stop transmitter after the current |
| | packet |
e ——— tmmme e ——— e e e +
| | |
] 5 | Abort the current packet and flush |
| | any pending packets |
o —————— o o o e e e e e e e ————————— +
] | |
| 6 | Switch the line off |
o e ——————————— +
| | |
| 7 | Complete the current packet and ]
| | £flush any pending packets |
o ——— o e e e e e +
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6.6.4 Global Status

The Global Status Register gives the overall status of the
synchronous side of the DEC MicroServer. Figure 6-11 shows the
format of the register, and Table 6-6 lists the meaning of each
bit.

DUMP - Dump Request
SETUP - Setup Complete

Figure 6-11: The Format of the Global Status Register

Table 6-6: Meanings of Bits in the Global Status Register o

tomem e ——— o e e e o e e B9 o o e +
| | . |
] Field ] Meaning and Use |
| Name | |
- ———————— o e e e e e e e e e +
| ] . ) |
| SETUP | When set, this indicates that the firmware has ]
| | been loaded and the TMS processor has finished |
| | initializing itself. |
o e e i e e +
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Table 6~6 (cont.)

|

|

|

+

| |
| When set, this indicates that the TMS processor |
| is requesting a system dump. This occurs if the |
| processor detects an internal error, or in |
| response to a dump request from the MicroVAX |
| processor. ]
I !
| The TMS processoxr saves its context in the TMS |
| |
| |
+

RAM, and sets this status bit to indicate that
it is ready to dump.

i
1
i
'
]
]
1
i
1
1
1
1
I
1
i
[
i
i
1
[}
[}
1
1
L}
1
1
1
]
i
i
]
i
i
1
1
]
i
1
]
1
1
1
i
i
t
]
|
]
!
i
+

NOTE

The TMS processor generates the TMSINT interrupt
each time it changes the value of this register.

6.6.5 TMS Processor Alive Counter

The TMS processor alive counter helps the MicroVAX determine
whether the TMS processor is operating normally. The TMS
processor tries to increment this counter on each of its own
timer ticks (that is, every 2 ms). The MicroVAX reads the
counter every 100 ms. If it reads the same value on two
successive occasions, the MicroVAX assumes that the TMS processor
has become deadlocked and so initiates a system dump.

6.6.6 Port Status Registers

There are four port status registers, one for each of the
synchronous ports. These registers reflect the current state of
the ports, and the TMS processor changes them each time the ports
change. Figure 6-12 shows the offsets for these registers.
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Offsets
VAX ™S
Channel 0 1C D
Channel 1 1E E
Channel 2 20 F
Channel 3 22 10

Figure 6-12: The Port Status Registers £,

Each of the registers has the same format, and Figure 6-13 shows
this. The two status fields contain values that indicate the
port’s status. Table 6-7 shows the values that can appear and
what each means.
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15 14 13 12 11 10 g 8 7 6 5 4 3 2 1 0

| | ] ] | 1 | I i | | ]
Reserved Transmitter Status Reserved Receiver Status

I l l 1 I | | ] | I | |

Figure 6-13: Format of a Port Status Register

Table 6-7: Values in a Synchronous Port Status Register

pm——————— o e o o e +
| i ]
| Value | Meaning and Use |
| (Hex) | |
m—————— o o e o o e e +
] I
i Receiver Status Values |
fmm—————— o e o e e e e e e e +
| | |
| 0 | Channel not active |
B ettt o o e e e e e s -
| | : : '
i 1 | Channel booted but not initialized |
o —————— o o +
| | i |
i 2 | Receiver stopped |
o —————— o o o o +
] | |
} 3 | Receiver running |
fm——————— o e e e e e o +
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Table 6-7 (cont.)

o —————— i et e Ty +
I | I
| Value | Meaning and Use |
| (Hex) | l
o ————— o et e e s e e e +
| | |
| E | Invalid configuration |
tom——————— o o e e e e e e e e +
| I
| Transmitter Status Values |
o ———— o e e e e e e +
| | |
| 0 | Transmitter not active |
o ——————— o e e e e e e e e e e e e +
I | |
| 1 | Transmitter booted but not |
| | initialized |
e et e et T T p—— +
| I |
| 2 | Transmitter stopped |
fom——————— o e o o e e e e e e +
| | |
| 3 | Transmitter running |
o ———— o e e e +
| ] I
| E | Invalid conflguratlon |
o o e o e e e e e +

NOTE

The TMS processor generates the TMSINT interrupt
to the MicroVAX each time it changes the value of
this register.

6.6.7 Modem Masks

Figure 6-14 shows the format of the modem mask registers.
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15 14 13 12 1 10 9 8 7 6 5 4 3 2 i 0
CCITT | cCiTT | CCITT | CCIT | TEST | COITT| TEST 0 CCITT ) ooy | COTT | CCITT | TEST | coiiT| TEST 0
107 125 (109 108 DTR | 142 RTS 107 {125 |18 | 106 DIR | 142 RTS

Port { ] + Port 0 -+
CCITT | cCnT | CCUT J CCRTY | TEST | CCNT| TEST CCITT} comT | COIT | CONY | TEST | CCITi TEST

107 |125 109 | 106 DTR | 142 | RTS 0 o7 125 |18 {106 DTR {142 | RTS 0

b Port 3 Port 2 4

o
-y

Port 1/0 | 24 12
Port 372 26 13

Figure 6-14: Modem Mask Registers

For each port, the bits correspond to those in the Modem Status
Registers (see Section 6.4.4). By setting a bit in the mask, the
MicroVAX will receive the MODCHGINT interrupt each time that bit
in the appropriate Modem Status Register changes.

Only one interrupt is generated for any of the many possible
changes in a port’s modem status. This occurs whether or not
that change caused more than one of the masked bits to change,
but only when the changed bit corresponds to the modem masks.

6.6.8 Modem Control and Status Registers

The registers in this section let the MicroVAX set values in the
modem registers and read the modem status registers without
needing access to the actual registers on the TMS bus. The
section is divided into four parts (one for each port) and Figure
6-15 shows the format of each part.
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5 14 13 12 1 1 9§ 8 7 6 5 4 3 2 1 0
i | ] ]
Rese BRG COMT InoaT  COTT 113 |Resyndl naxbuax ol L&mwé
) Speed Source Select Enable | Select }Source|Source ECT {must be 0)
cermT|vas  |Rs-422|Rs-232 conrt| corrr | con| conr
105 |[Select |Select |Selsct |ENable Reserved (must be zeroes) 141|111 | 1082|140
Resarved Cable Code Modem Status
| | ] I | | ] | ] | | | |
Reserved

Figure 6-15: Modem Control and Status Registers in the
Synchronous I/0O Control Block

The Clock and Data Select register lets the MicroVAX set the
initial clock and data sources for the SSL without accessing
locations on the TMS bus. Section 7.4.3.1 deals with the SSL’s
register that holds this information. See that section for
information on each field.

To enable any function in the control registers, the MicroVax
sets the appropriate bit. The TMS processor’s firmware
translates this into the correct setting for the actual control
register.

The status part of the third register is a modified copy of that
channel’s modem status. However, the TMS processor modifies the
settings so that a bit set means the function is enabled. The
TMS processor tries to update this part on every clock tick.
However, some changes can take up to 3 <clock ticks to be
reflected in the Synchronous I/0 Control Block.

The cable code part of the second register contains a copy of the
port’s cable code.
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Changing the sense of some signals simplifies the interface to
the MicroVAX. Any bit that is set means that the appropriate
feature is enabled. The MicroVAX does not have to determine
whether individual features are active low or high.

6.6.9 Port Initialization Blocks

This port initialization section contains the information each
port uses when it executes an initialization command.

The section has four equal parts, one for each synchronous port.
Figure 6-16 shows the offset of each block in the section.
Figure 6-17 shows the format of an initialization block.

Offsets
VAX ™S
Port 0 Initialization Block %0 28
Port 1 Initialization Block 60 30
Port 2 Initialization Block 70 38
Port 3 Initialization Block 80 40

Figure 6-16: Offsets of the Initialization Blocks For Each Port
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5 14 13 12 1 1 e 8 7 6 5 4 3 2 1 0
I I i I prt. | Howe I i I
Reserved CTS | HAF| \aev! apprl NRZI| x21 | Looe PROTOCOL TYPE
| I | | | | |
l ! ! I I ! I
BYTE2 BYTE 1
! ! | I | l I I | I I | ! I

> - I -

Figure 6-17: Format of a Port Initialization Block

Sections 6.6.9.1 to 6.6.9.2 explain each register in more detail.

6.6.9.1 Initialization Register - The MicroVAX can use this
register to set the port’s initial state at load time. Table 6-8
explains the meaning of each field. P
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Table 6-8: Meaning of Fields in the Initialization Register

When set, this enables the transmitter. The CTS
bit is tested prior to starting a transmit.

S it o o e e o e S e e +
| | |
| Field | Meaning and Use |
| Name | |
o e e e e o o B S o 2 e +
| | |
| PROTOCOL | This field sets the port’s protocol. The values |
| TYPE | that can appear in this field are: |
| | |
| l 0. No protocol |
| | 1. DDCMP-sync |
| | 2. HDLC |
- ——— o o e e e -
| | |
] LOOP | Reserved for future use. |
o ————————— o e e e e e e e e e e e -t
| | |
| X21 | Reserved for future use. |
e ————————— o e o e o e e e e +
| | ]
| NRZI | When set, the port operates in NRZI mode. |
b - ——— o e e e O e e S e e +
| | |
| HDLC ADDR | HDLC station addresses can use one or two bytes. |
i | The initialization block can handle both sorts |
] | of address, but the port needs to know which to |
i | use. ]
| | |
| | The port uses the value of this field to ]
| | determine the length of the station address. If |
| | the field is set, both bytes of the Station |
| | Address register are used. If the field is ]
l | clear, only the low-order byte is used. [
o ———————— o e e e +
i | |
| PRIMARY | When this field is set, the port acts as the |
i | primary station in an HDLC environment. |
ettt ettt e e e e e e e e e e e +
! | i
| HALF | When set, all communication through the port |
i | uses half duplex protocols. |
o —————————— e e o i e e e +
| |
| |
| |
+

)
]
!
]
!
I
!
4
i
!
1
!
t
I
t
1
}
i
I
I
I
I
I
]
i
i
|
i
1
t
f
!
§
i
i
i
]
i
i
1
I
i
i
{
1
!
I
!
|
i
+
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Table 6-8 (cont.)

b ———————— o o o o S e e o o +
| x _ |
| Field ] Meaning and Use |
| Name | |
o e e e D DD D DL L PP P PP L P P +
| |
| Note: The HDLC ADDR and PRIMARY fields are meaningful only |
| if the PROTOCOL TYPE is set to HDLC. |
o o e e +

6.6.9.2 Station Address - When the HDLC protocol is wused, the
port needs to have a station address. This register contains the
address it is to use, which can use one or both bytes. The value
of the HDLC ADDR field in the Initialization Register determines
how many bytes to use.

When HDLC ADDR is set, both bytes are used. When the field is
clear, only the low order byte (Byte 1) is used. '
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Chapter 7
Synchronous I/0 ports

7.1 Overview

This chapter deals with the synchronous 1I/0 ports themselves,
which use the following major components:

o Two DUSCCs

o The SSL

o The FIFOs

© The line drivers and connectors

Figure 7-1 shows these sections of the Synchronous I/0 part in
the DEC MicroServer.

T
- Line
o b [Rocowe FFO -3 ariver |70
3 ousce- |_FFQ Corpel T
§ r A : T
5 Line Port 1
| [Recewe FIFO |-Bi— driver
B |_EFQ Corol T
E L*_f ssL -
i Line
] o 1 L] Receive FIFO arver |Po2
g ouscel T | |_EFO Coyal T
8 ™,
2 . “{Tine
i S ol
|_FIFQ Contet T
<] .

Figure 7-1: The Architecture of the Synchronous I/0 Ports

Data flows between the Buffer RAM and the line connectors through
the DMA devices, the DUSCCs, the SSL, and the line drivers. The
TMS processor sets up and controls each transfer. The processor
also sets up the DUSCCs and the SSL through their control
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registers.

The DUSCCs do much of the necessary protocol processing and deal
with CRCs. The SSL provides miscellaneous functions such as bit
rate generation and FIFO control. The FIFOs themselves are each
16K bits long and there is one for each receive line. These help
the DEC MicroServer to handle high data rates and help to isolate
the DUSCCs from variations in line data rate.

The following sections give more details on each of the major
components.

7.2 DUSCC

The DUSCC (Dual Universal Synchronous Communications Controller)
provides two receiving and two transmitting communications
channels, and so the DEC MicroServer uses two of the devices
(device type SCN68562) to support its four synchronous lines.

The DUSCC can handle bit~ and character-oriented synchronous
protocols and can generate the necessary CRC values. It can also
handle asynchronous communications, but the DEC MicroServer does
not use this feature.

Data rates can be up to 4 MHz, and the channels can operate in
full duplex or half duplex modes. There is also an internal
loopback mode that the DEC MicroServer’s on-board test uses to
check that the DUSCCs are working.
Each channel contains the following components:

o Transmitter

© Receiver

o Counter/Timer (programmable)

© Bit-Rate Generator (programmable) =-- one for each
transmit and receive pair

¢ Two internal 4-character FIFOs - one for the
transmitter and one for the receiver

The channels in a device are referred to as Channel A and Channel
B. The DUSCCs are known as DUSCC 2 and DUSCC B. Table 7-1 shows
which DUSCC channel provides each DEC MicroServer communications
port. :
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Table 7-1: MicroServer ports and DUSCC channels

o fm———————— trm——————— +
i | I |
| Port | DUSCC | DUSCC |
| No. | Device | Channel |
tm—————— tmm——————— tom—————— +
| 0 | A | A |
| 1 | A | B |
| 2 | B | A |
| 3 | B | B |
fm—————— o ———— Fommm—————— +

Although the DUSCC can handle asynchronous protocols, the
following description deals solely with its synchronous
capabilities. If you need information on the asynchronous
capabilities, and how to use them, refer to the DUSCC literature
listed in Appendix I.

7.2.1 Registers

The DUSCC is controlled by setting appropriate wvalues in its
registers. Unlike the LANCE, these registers are directly
addressable by both the MicroVAX and the TMS processor.

The registers appear as part of the TMS processor’s code/data
space and so can be accessed like any other memory locations.
The MicroVAX accesses the registers through the DMA devices, as
Chapter 8 shows.

7.2.2 Types of Register

In all, there are 51 registers in the device. Some of these
appear twice (one for each channel), and others apply to the
complete device. Table 7-2 lists the registers, their addresses,
and their functions. To avoid unnecessary duplication, the
channel~dependent registers appear only once in the table.

Section 7.2.4 summarizes the registers and how they are used.
For more detailed information on a particular register, turn to
the section shown in the right hand ¢olumn of Table 7-2. Note
that the relative addresses given in column two are word offsets
from the device’s base address in the memory map.
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Table 7-2: DUSCC registers

e e e e e e e e +
| !
| Register Relative Function Section |
| Name Address Number ]
o e e e e e e e i e e e +
! |
i CMR1 c00000 Channel Mode 7.2.5 |
! Register 1 I
o o e e e e e e e e e e e +
] |
| CMR2 c00001 Channel Mode 7.2.5 |
] Register 2 ]
o e e e e e e e e e ———— +
| I
| S1R c00010 SYN 1l/Secondary 7.2.6 |
| Address Register 1 |
o e e e e e e o e e e e +
| i
i S2R c00011 SYN 2/Secondary 7.2.6 |
| Address Register 2 |
o e e e e e e e e e e +
| |
| TPR c00100 Transmitter 7.2.7 |
| Parameter Register |
o o e e o e e e +
| : I
| TTR c00101 Transmitter Timing 7.2.7 |
| Register |
o e e e e e +
| |
] RPR c00110 Receiver Parameter 7.2.8 ]
| Register ]
o - ———— e ———— —————— - ———————— +
| l
] RTR c00111 Receiver Timing 7.2.8 |
[ Register l
o e e e e e e +
| i
| CTPRH c01000 Counter/Timer Preset 7.2.9 |
| Register High I
o e e e e e e e +
| |
| CTPRL c01001 Counter/Timer Preset 7.2.9 |
! Register Low 1
o e e e e e e ————————— +
I |
| CTCR c01010 Counter/Timer 7.2.9 |
| Control Register I
o o o e +
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o e o e e e G e e e +
i |
| Register Relative Function Section |
| Name Address Number |
o e 2t o o e e e o 0 S e +
| |
| OMR c01011 Output and 7.2.12 |
] Miscellaneous |
] Register |
o o e e e i 1 o e e o e +
| |
| CTH c01100 Counter/Timer High 7.2.9 |
o o e o e e e e +
| !
| CTL c01101 Counter/Timer Low 7.2.9 |
Fmm - - o e e e e e e +
i i ) i
| PCR c01110 Pin Configuration 7.2.12 |
I Register |
o o e e e e e - e e e e e +
| |
| CCR c01111 Channel Command 7.2.4 ]
| Register ;
b o e e e e e e e S e e +
| !
| TXFIFO cl00xx Transmitter FIFO 7.2.7 {
e 0 2 o +
| ) |
{ RXFIFO cl01lxx Receiver FIFO 7.2.8 i
o e e o e e o O e e e e o +
| |
i RSR cl1000 Receiver Status 7.2.10 I
| Register [
o o o e o o e e o e o i o s e e 1 o R e o 2 e o +
| |
} TRSR cl1001 Transmitter and 7.2.10 [
| Receiver Status |
| Register !
o o e S +
| |
| ICTSR cl1010 Input and 7.2.10 |
] Counter/Timer Status |
| Register |
o e i o B S B e e e +
| |
] GSR x11011 General Status 7.2.10 ]
] Register I
o e e e e o o e e o o +
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Table 7-2 (cont.)

T o e e e e e i e e +
! [
| Register Relative Function Section |
| Name Address Number |
o e £ S e o o e +
] : |
] IER cl1100 Interrupt Enable 7.2.11 |
e o e o B e e e o e +
{ |
] IVR 011110 Interrupt Vector 7.2.11 {
I Register -- Modified |
o e e e e e e e e +
| !
] IVRM 111110 Interrupt Vector 7.2.11 |
} Register -- |
| Unmodified ]
o e o e e e 2 e o +
] |
} ICR 011111 Interrupt Control 7.2.11 |
| Register I
R et e T T T ——— +
| |
! |
| Notes: !
! |
| 1. The value of "c" selects the register for a particular |
! channel. If ¢ is 0, the register for channel A is |
! selected. If c is 1, the register for channel B is I
| selected. |
| I
| 2. The letter "x" indicates a "Don’t Care" value. In ]
| these positions, either a 1 or a 0 can be used to i
| address the register. |
e i it T T p———— +

7.2.3 Register Addressing

The DUSCC registers appear in both the TMS processor and the
MicroVAX memory maps. The addresses in Table 7-2 are the word
offsets from the device’s base address in a particular memory
map. The registers are each 8 bits long, and appear in the least
significant byte of each word in the processor address maps.
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7.2.4 Register Usage
The registers fall into nine functional groups:
1. Command
2. Channel Mode
. Secondary Address

. Transmitter

Counter/Timer

3

4

5. Receiver
6

7 Device and Channel Status
8

Interrupt
9. Miscellaneous

The TMS processor keeps general control of the device and what it
does through the Channel Command Registers (CCR). Here it can
start and stop the transmitter, receiver, and counter/timer for
each channel.

The overall behavior of a channel is controlled through its
Channel Mode registers.

The specific behavior of each component in the channel is
controlled through the appropriate registers. For example, the
TMS processor determines how the counter/timer behaves by
programming the counter/timer registers.

The Interrupt registers allow the TMS processor to set the
conditions when the device will generate interrupts.

7.2.5 Channel Command Register (CCR)

The TMS processor uses commands to control the action of each
DUSCC channel. It enters these commands as values in the
appropriate Channel Command Register (CCR).

Figure 7-2 shows the format of a Channel Command Register.
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7 8 5 4 3 2 1 0
Command
type Command
Figure 7-2: The DUSCC Channel Command Register

As the figure shows, the top two bits (Bits <07:06>) identify the
type of command:

0.
1.
2.
3.

Bits <04:00> contain the command itself.

Transmitter command
Receiver command

Counter/Timer command

Digital Phase-Locked Loop command

Table 7-3

shows

values this field can take for each of the command types.

the

=
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Table 7-3: DUSCC Commands

RESET. Immediately stops the transmitter once it
has sent the current character. Any remaining
characters in the FIFO are cleared out.

This command alsoc clears the transmitter status
bits in the TRSR (see Section 7.2.11.3) and the
appropriate TXRDY bit in the GSR (see Section
7.2.11.1).

PRI R p————————p A P MM ettt i i R e el

|
|
|
!
|
|
I
|
|
+
|
RESET CRC. This command is associated with the |
next character to go into the FIFO. Just before |
transmitting that character, the CRC will be |
reset to its initial wvalue. |
+
|
|
|
f
|
+
|
|
|
|

- . - ol . G S I W S G W OIS GOM WIS WY VIR SR SN GG T AN MM NS G SR WA MR W N M A G R e SR SR S N G S W S e

|
|
|
|
|
+
|
| ENABLE. Enables the transmitter to send

| information controlled by the value of the "Clear
| to Send Control” bit in the TPR (see Section

|

+

|

|

|

|

- -G s e el M S G N W Che R G SV R G G W S A WA S W G S SRS B M SR G GRR OS HR WR E E R  GES S S W e S OG S e

DISABLE. Stops the transmitter the next time that
the FIFO is empty. Also sets the TXD pin in a

mark state.

---------- o o o
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Table 7-3 (cont.)

- e G Gt e

- e - -

SEND START OF MESSAGE. Sends the start of message
sequence followed by the characters in the FIFO.
This command is issued after the "Enable
Transmitter" command to begin character
transmission. Either this command or the "Send
Start of Message with PAD" command must be used
to begin data transfer.

P

BOP) segquence to be sent. If multiple SYN or FLAG
sequences are necessary, the I/0 processor simply
issues this command the necessary number of
times. After the last command, the characters in
the FIFQO are sent.

If the FIFO is empty, the device continues to
send SYN or FLAG sequences until there is a
character to send.

|
!
|
!
|
[
I
:
The command causes the SYN (for COP) or FLAG (for |
I
|
!
|
f
|
|
I
I

synchronize the digital phase-locked loop before

I
I
Start of Message" but it sends a bit pattern to |
I
sending the SYN or FLAG character. |

SEND END OF MESSAGE. This command is associated
with the next character to go into the FIFO.
After sending that character, the device will
send the appropriate end of message sequence.

I
|
I
I
|
Typically, this sequence is a Frame Check I
Sequence, such as a CRC. In BOP mode, a FLAG |
character is sent after the Frame Check Sequence. |
I
|
I
I
I

If the "Transmit EOM" (TEMC) bit in the TPR is
set, this command will be executed automatically
under certain conditions. See Section 7.2.8.1 for

|
|
|
|
|
I
|
|
|
|
|
|
[
|
|
|
|
I
|
+
|
5 | SEND START OF MESSAGE WITH PAD. Similar to "Send
[
|
I
+
I
|
|
|
I
I
|
[
|
|
|
I
| more details of these conditions.
+

o e i v e e o s o s i i o s i s o e

R
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Table 7-3 (cont.)

|

|

I

|

+

|

| ABORT TRANSMISSION. BOP Only. Sends a sequence of
| 8 ones after sending the current character. After
| this, the transmitter will send MARK or FLAG

| characters depending on the value in the Underrun
| Control field of the TPR. This command also

| causes any remaining characters in the FIFO to be
| cleared; that is, not sent.

|
|
I
+

|
|
|
|
+
|
|
|
|
|
|
|
|
To restart transmission, use one of the "Send |

Start of Message" commands. |
————————————————————————————————————————————————————————————— +
I

|

|

|

|

|

]

|

|

|

[

+

SEND DLE. COP Only. This command is associated
with the next character to go into the FIFO. Just
before sending this character, the transmitter
sends a DLE character.

In the BISYNC protocol, an extra DLE has to be
sent for each DLE in the message. When the
channel is set up for this protocol (see Section
7.2.6), the transmitter automatically sends this
second DLE. So, this command is not necessary.

- —— o - o ol e G W AOW YES AN SR CWE ENA G SHS G W W T GGV W B E WS NS WIS S GED W AN W N G M W SR WA G WS GHR GNE AW S W NI GRS G A I S A e G A

GO ACTIVE ON POLL. This command is used in BOP
loop mode only. It is not used in the DEC
MicroServer.

RESET GO ON POLL. This command resets the "Go
Active on Poll" command. It is not used in the
DEC MicroServer.

A S TS G CER VN ME WD AN R R S G W P A SR R GO G SN M G G SN G T A T NS S R G G W G M S SN OGN N GEE AN G S

GO ON LOOP. This command is used in BOP loop mode |
only. It is not used in the DEC MicroServer.

- e eme - -

GO OFF LOOP. This command is used in BOP loop |
mode only. It is not used in the DEC MicroServer. |




Synchronous I/0 ports
DIGITAL Internal Use Only

Table 7-3 (cont.)

o -

"

- o - ——— -

- o G- - - -

- —— -

+—————

p————— e ——

EXCLUDE FROM CRC. Excludes the next character to
go into the FIFO from the CRC calculation.

RESET RECEIVER. Stops the receiver, and clears
the FIFO. This command also clears the receiver
status bits in the RSR and TRSR. Finally, the
command clears the appropriate bit in the GSR.

VU G e A WS G W G G N GO G W GNG G WD WA S G G G GHM GRS G GOP SEW SN S W TR WD SN SN W GE D SN MY A SR GER Wes S GH AN WS S R

I R A S T WA W 0 S G AR S T N e AN TMG RN W WS S A WU NS MR SN A AP ML W SN W WM N SWW S S NN M W SN S oM Ve e e

ENABLE RECEIVER. Starts the receiver dependent on
the value of the "Enable Data Carrier Detect
Control" bit in the appropriate RPR.

Once started, the receiver looks for START, SYN,
or FLAG depending on the channel’s protocol. This
command is ignored if the receiver has already
been enabled.

- G T S A W WS W ATR WSS WER CON W WD S WA AN WS W XS WA WS NN GND W MW W AL WA W WA WS NN SOR WER MW AWe WL mun SME U W W s S own G

DISABLE RECEIVER. Stops the receiver and discards
the character currently being received, if any.
This command, however, does not affect the status
bits or the contents of the FIFO.

START. Starts the counter/timer, using the
parameters set in the CTCR.
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Table 7-3 (cont.)

+ ——————————
|

| Register
i Value

| (Hex)

o o e o o -
|

{ 1

|

|

|

I

!
-
|

| 2

|

|

+ ——————————
|

| 3

|

!

|

+ ——————————
|

|

- o e o o o o

+
|
|
|
|
+
|
|
|
|
| source clock cycle, so sometimes it will not stop
|
+
|
|
|
|
+
|
|
|
|
|

e G G MGG W S SR A A G G N W G G M G W SRS GRS G WA S N W S AR SN W SEN GER GAR R YN SOR R SIS G TS e VR N e

STOP. Stops the counter/timer. The I/O processor
can issue this command at any time compared to
the clock source for the counter/timer. However,
the counter/timer stops on completion of the next

immediately the command is issued.

hex value FFFF. This command also causes the
DUSCC’s C/T pin to go low.

L R R

LOAD FROM CTPR. Loads the counter/timer with the
value in the appropriate preset registers. The
command also causes the DUSCC’s C/T pin to go

|
|
I
|
+
I
I
|
|
|
!
|
+
|
PRESET TO FFFF. Loads the counter/timer with the |
i
|
+
|
|
!
|
low. |
+

|

!

+
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Table 7-3 (cont.)

e e e

e R

. - .- - -

START SEARCH. NRZI Mode. Synchronizes the DPLL
and the data without the need for preframe
transitions. The DPLL does this by:

1. Loading the DPPL counter with the decimal
value of 15, and holding the clock output
high.

2. Starting the counter when a transition
occurs on the data line. At this point, the
clock output is held low.

3. Resetting the counter to 0 when it reaches
1lF (hexadecimal, 31 decimal). The clock
output now changes from low to high.

From this point the DPLL returns to normal
cperation.

FM Mode. Clears the DPLL counter, and holds the
clock output high. When a transition on the data
line occurs, the DPLL starts normal operation.

DO NOT use this command in either mode if you are
using the DPLL to supply the clock for the
transmitter, and the transmitter is active.

B G W G Gw GRS GWA G RS WM SR GOR W G MG SR GED W WIS R SN B MY GER GBS N TWP WM SRR TEs WS S GE WN MW AGE WM W GRS YRR OW GEe W GmE W Swe

SET FM MODE. Starts the DPLL and puts it into FM
mode. This mode is used if FM0O, FM1, or
Manchester (NRZ) data encoding is selected in
CMR1 (see Section 7.2.6).

SET NRZI MODE. Starts the DPLIL and puts it into
NRZI mode. This mode is used if NRZ or NRZI data
encoding is selected in CMR1 (see Section 7.2.6).

T W M AR RUS W San W A DS oF 4n e o WU WP GSM Wwm W WA WA WOK GNE N AW S W WS40 W e MR M M GI WG W AN W G NS UL W GRS TET N WER MR R GG
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7.2.6 Channel Mode Registers (CMR1 and CMR2)

Each channel has two Channel Mode Registers (CMR1l and CMR2) .
CMR1 determines the type of protocol (bit-oriented or
character-oriented) and the data encoding to be wused on the
channel. CMR2 determines the way the channel communicates with
the MicroVAX or TMS processor, the error checking protocol to be
used, and the transmit path.

Figure 7-3 shows the format of the registers. Table 7-4 gives
more information on each field in the registers.

CMR1

CONN XFIF FCSS CMR2

ADMOQOD Address Mode PAR Parity type
CONN Channel Connection PARMD Parity Mode
DENC Data Encoding PROT Channel Protect Mode
EXTC  Extended Control XFIF Data Transfer interface
FCSS Frame Check

Sequence Select

Figure 7-3: DUSCC Channel Mode Registers
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Table 7-4: DUSCC Channel Mode register fields (CMR1 and CMR2)

e ——————— o e e e e e e e e e e e e et e o +
! | I
| Field | Function/Values |
| name | |
it e o e e e 2 e 2 +
| | |
| PROT | This field determines the type of protocol that |
| | the channel will use: bit-oriented, or ]
| | character-oriented. These protocols are referred |
} | to by the abbreviations BOP and COP. |
! | |
| | The type of protocol this field selects affects |
| | the meaning of other fields in the DUSCC [
| | registers. The values that this field can take |
i | are as follows. |
[ | I
| ] 0. BOP primary |
| | 1. BOP secondary ]
| | 2. Reserved |
i | 3. Reserved |
i i 4. COP dual SYN |
| ] 5. BISYNC -- a form of COP dual SYN |
] ] 6. COP single SYN |
] | 7. Not used in the DEC MicroServer i
e et o o o +
] I |
| ADMOD | BOP protocols. This field selects the addressing |
| | mode. The values that this field can take are: |
] I I
] ] 0. 8-bit addressing ]
| | 1. Extended addressing |
| ] 2. 16-bit addressing }
| | 3. 16-bit addressing with group ]
o e o e o o s . o e 0 ot . +
| | |
| PARMD | COP protocols. This field determines the sort of |
| | parity to be used on the channel. The values this |
] | field can have are: |
| | |
! ] 0. No parity -- required when BISYNC protocol |
! | is in use |
} | 1. Reserved |
| | 2. With parity -- odd or even as determined by |
! | the PAR field. |
| | 3. Force parity -- parity bit is forced to the |
| | value of PAR field |
e e e e e e e e e e e e e e e e e e +
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Table 7-4 (cont.)

o ——————— o e e e e e e e +

| |

] Field | Function/Values |

| name | |

dr————————— o +
EXTC BOP protocols. This field determines whether

|

| extended address control is to be used. If this
| bit is set, extended control is used and a

| two-byte control field will follow the address
| field in a packet. When the bit is clear,

| extended control is not used and the control

| field consists of just one byte.

+

| !
| |
| |
| |
| |
| |
| |
f |
o e e e e e e e e e +
f | |
| PAR | COP Protocols (except BISYNC). This bit ]
i | determines the sort of parity to be used. When |
| | set, odd parity is used, and even parity is used |
| | when the bit is clear. |
| | I
| | BISYNC. Setting this bit indicates that 8-bit |
] | ASCII coding is to be used, and clearing it |
] | indicates that EBCDIC coding is to be used. |
fm————————— o o o e o e +
{ ] |
] DENC | This field determines the sort of encoding used |
| | on the communications channel. The values this |
| | £field can have are: ]
I | |
| | 0. NRZ/MANCHESTER encoding |
] | 1. NRZI encoding ]
] | 2. FMO (or bi-phase 0) enceding |
| | 3. FM1l (or bi-phase 1) encoding |
e ———— o e o e o s o e +
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Table 7-4 (cont.)

+
i
1
1
1
i
t
i
f
1
i

H

™

1

=

R
+——— 4

Reserved

B e S
o e e e e s e e e e e e opr

+
!
|
I
i
1
i
1
1
!
I

addresses

1. Half duplex
2. Full duplex
3. Full duplex
4. Not used in
5. Not used in
6. Not used in
~

s e v s o, V4T Sposin iy ST oy Mot i s e Semsore waar
B e S —

+
I
|
I
I
}
i
i
i
i
|

Function/Values

0. No frame check

1

2. LRC8 with dividend preset to 0
COP protocols only

3. LRC8 with dividend preset to 1
COP protocols only

4. CRC 16 with dividend preset to 0

5

6

7

DMA
DMA
DMA
the
the
the

The value in this field determines the sort of
frame checking sequence to use on the channel.
The values that this field can have are:

CRC 16 with dividend preset to 1
CCITT CRC with dividend preset to 0
CCITT CRC with dividend preset to 1

G " G S W ;- V— W VO, NN N VNS W . S G A G W N W N W S W W G W oo

This field sets the way data transfer takes place
between the device’s internal FIFO’s and the I/0
processor. The values this field can have are:

0. Half duplex DMA using single

using dual addresses
using single addresses
using dual addresses
DEC MicroServer

DEC MicroServer

DEC MicroServer

. Non~-DMA transfer using normal bus read and
write cycles in response to polling status
registers or interrupts

f
{
i
|
I
1
1
i
i
!
I
i
i
i
1
f
i
i
i
!
i
i
1
i
1
!
!
1
!
f
i
I
1
]
i
1
i
i
1
|
!
i
!
!
i
i
|
|
|
i
!
+

i
i
!
I
|
1
!
1
!
t
1
i
I
I
'
1
I
I
i
'
!
!
4
1
1
1
I
)
I
i
i
!
i
I
I
1
1
)
1
i
1
I
1
|
i
|
!
1
1
1
1
+

e
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Table 7-4 (cont.)

o N W —— o— ——— en W o A O S WO, o— . - p—

+
i
i
i
]
1
1
1
i
i
1

U S S

+

This field sets the way that the channel
operates. The values that can appear here are:

!
|
|
0. Normal Mode. The transmitter and receiver |
operate independently in either a |
half duplex or full duplex fashion |
{(depending |
on how they are enabled) |

1. Automatic Echo. All data received on a ]
channel is automatically retransmitted after |

a delay of one bit. |

2. Local Loopback. The transmitter output is |
internally connected to the receiver input; |
this is used by the OBT as part of the |
channel test |

3. Reserved |

7.2.7 Secondary Address Registers (S1R and S2R)

Each channel has a pair of Secondary Address Registers (S1R and
S2R). Their function is different for COP and BOP protocols:

BOP -

The registers contain an 8- or 16-bit address. The
address in received packets is checked against these
registers, and appropriate action taken on a match.
These registers are not used in BOP primary protocols
or in BOP secondary protocols where extended
addressing is used.

The registers contain a 1- or Z2-character
synchronization sequence. Incoming packets are
checked against this field. Each character can be
between 5 and 8 bits long, and is right justified.

Figure 7~-4 shows the format of these registers.
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7 8 5 4 . 3 2 1 0
SYN1 or ADD1 S1R
ol — s ———————
SYN2 or ADD2 S2R
1 L N " : L L

ADD1 First address byte SYN1 First sync. character
ADD2 Second address byte SYN2 Second sync. character e

Figure 7-4: Synchronization/Secondary Address Registers for the
DUSCC
7.2.8 Transmitter Registers

Each channel on the device has three transmission-related
"registers":

o Transmitter Parameter Register (TPR)

©¢ Transmitter Timing Register (TTR)

o Transmitter FIFO (TXFIFO)
The TPR and TTR are true registers. The FIFO is an internal data
structure that is addressable in the same way as the other

registers.

The following sections describe these registers in more detail.

7.2.8.1 Transmitter Parameter Register (TPR) - There is one
Transmitter Parameter Register (TPR) for each channel. The
controlling software uses this register to set up transmission
conditions such as:

© Number of bits in each character
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©¢ Whether the transmitter is controlled by an external
modem
o Idle state

© Response to underrun errors

Figure 7-5 shows the format of the register, and Table 7-5
explains the content of each field.

7 3] 5 4 3 2 1 0
1] 1 §
URUN IDLE | TEMC | RTSC | CTSC CLEN
L L
CLEN Character Length RTSC Request To Send Control
CTSC Clear To Send Control  TEMC Transmit EOM Contro}
IDLE idie state URUN Underrun control

Figure 7-5: Transmitter Parameter Register for the DUSCC

Table 7-5: Content of the DUSCC Transmitter Parameter Register

fmm————————— o e e o o A e +
| | |
| Field | Function and Value |
] Name | |
Fom—————————— o o o o i e S o e 2 e +
| | |
{ CLEN | The value of this field sets the number of bits |
| | to be used to send each character. Each value |
] | sets a different number of bits for each |
! | character: |
| | |
| | 0. 5 bits i
] | 1. 6 bits |
] | 2. 7 bits |
] | 3. 8 bits |
fmm————————— o ————————— - e e e e B O e s +
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Table 7-5 (cont.)

The value of this bit determines whether an
external Clear To Send (CTS) signal controls the
operation of the channel’s transmitter.

|
|
|
|
| When this bit is set, the transmitter cannot run
| on (that is, send a character) until the

| external CTS signal is asserted at the channel’s
| CTS pin.

|

|

!

|

+

When this bit is clear, the state of the CTS pin
has no effect on whether the transmitter can
send a character.

|

|

|

|

!

!

|

|

|

|

|

!

]

+

|
The value of this bit determines whether the |
transmitter must first assert the Request To |
Send (RTS) pin before sending information. This |
pin exists only if the device is not working in |
full duplex DMA mode. This is the mode used by I
the DEC MicroServer, and so this function is not |
applicable. |
+

|

|

!

I

|

|

I

|

|

I

I

I

|

|

|

|

|

W G . G O N WEM WOR S G S VA WS W W G WA TN SR R WS NN SN PON W AW GER SRR WS GER A WOR GW WGR R BE N W G S W S e e e

For both COP and BOP, the value of this bit
determines whether an End Of Message indicator
is to be transmitted when either of the
following events occur:

l. When the counter/timer reaches zero and it
has been set to count characters
transmitted. In this case, the DONE pin is
also asserted.

2. If the DONE pin was asserted after a
character was moved out of the DUSCC’s
transmit FIFO.

In the case of BOP, the End Of Message indicator
is known as the FCS~-FLAG. In COP, it is known as
FCS.
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Table 7-5 (cont.)

|
|
-+
|
| The value of this field determines what idle

| state to use on the line when no data is being
|

!

|

I

+

is to use SYN characters in COP, or FLAG
characters in BOP. If this bit is clear, the

|
|
transmitted. A value of 1 indicates that idling |
|
idle state asserts the MARK state. |
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Table 7-5 (cont.)

e et DL s o o e o o +
| ! [
| Field | Function and Value |
| Name | [
B R ek o o o S it e e o e +
| | |
| URUN |<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>