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PREFACE

The 1983-84 Microcomputer Interfaces Handbook is the companion
publication to the 1982 Microcomputers and Memories Handbook.

Designed in the form of a catalog, the purpose of this handbook is to
provide DIGITAL customers with quick and handy reference material
on DIGITAL microcomputer interface options that connect to the LSI-
11 bus. Though user applications may vary widely, the detailed logic,
configuration, and installation information presented in this hand-
book should be sufficient to satisfy their needs. In most cases
throughout this handbook, the interfaces have a detailed introductory
section, a features section, specifications, configuration, and descrip-
tive narrative— especially on the newer interface products. The major
product sections in the handbook include: Interface Options, Commu-
nications Options, Peripherals, Backplanes, Enclosures (boxes), Cabi-
nets, Power Supplies, Cables and Connectors, Intergrated Circuits,
and miscellaneous options available for DIGITAL’S diverse family of
both board-level and systems-based microcomputers.

A major goal of this handbook is to present the most recently intro-
duced interface products and still provide needed but basic informa-
tion on the older interface products. Detailed passages on 11 new in-
terface products are currently found in this handbook, including a new
family of analog I/O boards— the AAV11-C, the ADV11-C, and the
AXV11-C; the KWV11-C programmable realtime clock; the H9275-A
and H9276 backplanes; the BA11-S mounting/expander box; the
DPV11-DA synchronous serial line interface; the DMV11 synchronous
line controller; the RLV12 disk controller; and for the first time, we are
including a section on the new serial line communications chip inter-
face— the DC319-AA DLART. Passages on the DPV11-DA, the DMV11,
and the RLV12 appear at the end of Part 2 of this handbook. These
three interface products are out of alphanumeric sequence because
they were included (immediately) prior to the time of publication.

Since this handbook was last published, many DIGITAL microcom-
puter interface products that were written about extensively then are
currently not necessarily the most technically advanced or newest
ones available. For example, in a case where a customer who still
uses the AAV11-A four-channel 12-bit D/A converter, a DIGITAL inter-
face introduced a few years back, information pertaining to this inter-
face was found in the first few pages of the 1981 Microcomputer Inter-
faces Handbook. In this handbook, however, an abbreviated version
briefly introduces and describes its features and benefits, and lists its
specifications. Appendix F in the back of this handbook lists all the
documention and order numbers needed to supplement these older



products. For users requiring extensive information on some of these
microcomputer interfaces, this appendix lists all the necessary refer-
ence material, at several levels of technicality, including user docu-
ments, configuration guides, and data sheets.

A section devoted to mass storage peripherals will be covered in a fu-
ture handbook. For users desiring information on DIGITAL’s memory
offerings and detailed information on LSI-11 bus signals, please con-
sult the 1982 Microcomputers and Memories Handbook. The order
code for the Microcomputer and Memories Handbook is EB-20912-20.
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INTRODUCTION

This handbook is a reference guide for interface and peripheral hard-
ware options that can be installed on the LSI-11 bus. It includes de-
scriptions, specifications, configuration information, programming in-
formation as applicable to the options, and functional theory.
Because the hardware options described in this handbook are de-
signed to interface with a processor via the LSI-11 bus, the user
should be familiar with the contents of the 1982 Microcomputer and
Memories Handbook.

The 1983-84 Microcomputer Interfaces Handbook is organized into
two parts. Part 1 contains general information about microcomputer
interfaces. Part 2 contains descriptions of the interface options in al-
phanumeric sequence.

Digital Equipment Corporation designs and manufacturers the op-
tions described in this handbook. Our general design criterion is to
provide maximum system throughput for options when they are in-
stalled on the LSI-11 bus. LSI-11 bus-compatible processors, inter-
faces, and peripherals are designed to work together to provide a
broad spectrum of system-compatible hardware options. Memory and
peripheral devices can be used with various LSI-11 bus configurations
and the system can later be expanded or modified to meet new system
requirements. This hardware flexibility, when coupled with DIGITAL
software and support, provides a single source for all-present and fu-
ture microcomputer processing needs.

LSI-11 FAMILY CHARACTERISTICS

LSI-11 bus systems include various processors, memory and peripher-

al device options, and software. Some of the characteristics of the

LSI-11 bus systems are:

e | ow-cost powerful components for integration into any small- or
medium-sized computer system.

e Direct addressing of all memory locations and peripheral device re-
gisters.

e Efficient processing of 8-bit bytes (characters) without the need to
rotate, swap, or mask.

e Asynchronous bus operation that allows system components to
run at their highest possible speed; replacement with faster devices
means faster operation without other hardware or software
changes.

e A module component design that provides ease and flexibility in
configuring systems.



INTRODUCTION

e Inherent direct memory access capabilities for high data rate de-

vices.

e A bus structure that provides position-dependent priority for pe-
ripheral device interfaces connected to the /O bus.

e Vectored interrupts that allow service routine entry without device
polling.

Processors

The processor is connected to the LSI-11 bus (backplane) as a subsys-
tem that executes programs and arbitrates usage of the LSI-11 bus for
peripherals. It contains multiple, high-speed, general-purpose regis-
ters that can be used as accumulators, address pointers, index regis-
ters, and other specialized functions. The processor can perform data
transfers directly between peripheral input/output (I/O) devices and
memory without disturbing the processor registers. Data transfers in-
clude both 16-bit word and 8-bit byte data.

LSI-11 Bus

System components, including the processor, memory, and peripher-
als, are interconnected and communicate with each other via the LSI-
11 bus. The form of communication is the same for all devices on the
bus; instructions that communicate with memory can communicate
with peripheral devices. Each device, including memory locations and
peripheral device registers, is assigned an individual byte or word ad-
dress on the LSI-11 bus.

The LSI-11 bus supports 16-, 18-, and 22-bit addresses. However, pro-
cessors and peripherals having a 22-bit addressing capability are com-
pletely PDP-11 hardware- and software-compatible within the 18-bit or
16-bit limitation. Simarily, 18-bit addressing devices are downward-
compatible to 16-bit addressing. By PDP-11 convention, all peripheral
device addresses are located within the upper 4K address space in the
system, whether 16-bit or 18-bit addresses are used. This 4K address
space is called the /O page or “bank 7.”

Whenever the I/O page is addressed, the processor must assert the
BBS7 L bus signal. All peripheral devices use this signal line during
addressing rather than decoding address bits <15:13>0r<17:13>. An
active (asserted) BBS7 L signal will always indicate an address in the I/
O page, enabling peripheral device addressing.

Peripheral device addresses within the /0 page are decoded by each
peripheral device. Each peripheral device will include one or more ‘““de-
vice register(s).” These registers can be accessed under program con-
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INTRODUCTION

trol in exactly the same manner as memory locations. Unique address-
es within the /O page are encoded on address bits<15:00>.

NOTE
Address bits, for the purpose of this discussion, are
logical states present on LSI-11 bus signal lines
BDAL <17:00>L during the addressing portion of a
bus cycle.

Refer to the appropriate processor handbook for a complete descrip-
tion of bus transactions, including bus cycles, addressing, etc.

Device Registers

All peripheral devices are defined by one or more device registers that
are addressed as part of the main memory. These registers are gener-
ally designated control and status registers.

Control and status registers (CSRs) contain all the necessary informa-
tion to establish communications with the device. Some devices will
require fewer than 16 status bits, while other devices could require
more than 16 bits and therefore will require additional registers. The
bits of the CSR have predetermined assigned functions. Typical bit
functions include interrupt enable, error, done or ready, and enabled.

Data buffer registers (DBRs) are for temporarily storing data to be
transferred into and out of the processor. The number and type of data
registers is a function of the individual peripheral device require-
ments.

Interrupts :

Interrupts allow devices to obtain processor service when they are
“ready” for service, or “‘done” with a specific operation. The interrupt
structure allows the processor to execute other programs while one or
more peripherals are “busy.” When a peripheral requires service it re-
quests an interrupt. The processor completes execution of the present
instruction, saves PC and PS words on the stack, and acknowledges
the interrupt. The highest priority peripheral device currently request-
ing interrupt service responds by inputting its interrupt vector address
to-the processor. The processor uses this vector address as a pointer
to two memory locations containing the PC (starting address) and PS
for the peripheral device interrupt service routine. Program control is
transferred from the interrupted program to the routine associated
with the requesting peripheral device. Note that no device poiling is
required, since the interrupt vector is unique for that device. Once the

3
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device service routine execution has been completed, control is re-
turned either to the previously interrupted program or to another pe-
ripheral device requesting interrupt service.

Memory Address

Memory addresses are generally limited to the address space other
than the 1/0 page. However, the 1/0 page can contain read-only mem-
ory (ROM) for disk bootstraps, paper tape loaders, diagnostics, etc. or
read/write memory for DMA buffers. The system designer must use
care in assigning memory addresses within the I/O page to avoid con-
flicts with peripheral device addresses used for actual system hard-
ware, or addresses that system software may attempt to access for
peripheral devices not actually installed in the system. See Appendix
A for the standard assignments of the addresses in the I/O page.

SPECIFICATIONS
All the LSI-11 bus modules will operate under the following conditions:

Temperature 5° 10 60° C (41° to 140° F)
Humidity 10 to 95% (no condensation)

When operating at the maximum outlet temperature (60° C or 140° F),
adequate air flow must be maintained to control the inlet to outlet
temperature rise across the modules to 5° C (9° F) maximum. The air
flow should be directed to flow across the modules.

All the individual module specifications are included in the detailed

descriptions of the peripheral or option. A summary of the module

characteristics is provided in Table 2; these characteristics are de-
fined as follows:

1. The option designation is the alphanumerical code assigned to
the option.

2. The module number is the number assigned to the interface mo-
dules that are connected to the LSI-11 bus. This number is printed
on the module handle and can be used as a quick reference to
determine what specific options are installed in any system. The
module numbers are listed numerically in Table 3 so that the user
can identify the options installed by using the module numbers.

3. The module description identifies the category of the option.

4. The power requirements specify the power by the option when
connected to the bus backplane. These requirements are used to
determine the total power supply loading within a single system.

4
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5. The bus loads for ac and dc loading are provided so that the user
can calculate the total ac and dc loading for any system.

6. The interface modules are standarized as either a double or a
quad and all are extended length. The double size module is 13.2
cm (5.2 in.) high, 22.8 cm (8.9 in.) long, and 1.27 cm (0.5 in.) wide.
The quad size module is 26.5 cm (10.5 in.) high, 22.8 cm (8.9 in.)
long, and 1.27 cm (0.5 in.) wide (Figure 1).

DESCRIPTION OF OPTION CATEGORIES

The LSI-11 bus peripherals and options are classified into general cat-
egories that pertain to their performance and function. This listing in-
dicates the wide span of equipment capability available to the user.

Interface Options
AAV11-A

AAV11-C

ADV11-A

The AAV11-A is a 4-channel, 12-bit digital-to-ana-
log converter module that includes control and
interfacing circuits. It has four D/A converters, a
dc-dc converter that provides power to the ana-
log circuits, and a precision voltage reference.
Each channel has its own holding register that
can be addressed separately and provides 12
bits of resolution. Bits 0, 1, 2, and 3 of the fourth
holding register are brought out to the I/O con-
nector so that they can be used as a 4-bit digital
output register.

The AAV11-C is a 4-channel, 12-bit digital-to-ana-
log converter module that has four individually
addressable, separately controlled digital-to-ana-
log converters (DACs), each with 12 bits of reso-
lution. Each DAC can be written or read in either
word or byte format. One of the DACs also has
four digital output bits for creating control sig-
nals to an analog instrument. The D/A converters
accept data from a program controlled interface
in either a binary notation for unipolar output, or
offset binary for bipolar output.

The ADV11-A is a 12-bit successive approxima-
tion analog-to-digital converter that samples an-
alog data at specified rates and stores the
digital equivalent value for processing. The mul-
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tiplexer can accommodate up to 16 single-ended
or 8 quasi-differential inputs. The converter uses
a patented auto-zeroing design that measures
the sampled data with respect to its own offset
and therefore cancels out its own offset error.

External event inputs can originate at the user’s
equipment or from the Schmitt trigger output of
the KWV11-A clock. Three reference signals are
provided for self-testing any channel input.
These signals consist of two dc levels and one
bipolar triangular waveform. This output can be
used with DIGITAL diagnostic software to pro-
duce a data base for extremely precise analog
linearity testing.

The ADV11-C is a dual-height LSI-11 bus module
that performs analog-to-digital conversions. It
may be configured to provide either 16 single-
ended, 16 pseudo-differential, or eight true-differ-
ential analog input channels with input full scale
ranges of either 0 to 10V or -10V to 10V. This
board is designed to interface analog instrumen-
tation to the LSI-11 bus, and is suitable for use in
a wide variety of industrial and laboratory LSI-11
microcomputer applications such as data acqui-
sition/display, process control, and signal analy-
sis. -

The ADV11’s precision instrumentation ampli-
fier, under software control, may be programmed
to amplify input signals by factors of 1,2, 4,0r8
before being digitized by the A/D converter. This
programmable gain feature provides effective in-
put signal full scale ranges of 10V, 5V, 2.5V, and
1.25V, respectively, especially useful for main-
taining maximum resolution of input signals that
fall below 50% of the 12-bit A/D converter’s 10V
range.

The AXV11-C is a cost-effective analog I/0 inter-
face board that has 16 single-ended analog input
channels. The AXV11-C offers all the features of
the ADV11-C plus two analog output channels,

6
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each with 12-bit D/A converters. Each D/A con-
verter generates an output signal with full 12-bit
accuracy and resolution. The D/A’s accept data
in either binary, offset binary, or two’s comple-
ment notation.

The DRV11 is a parallel interface module that is
used to interconnect the LSI-11 bus with general-
purpose, parallel line TTL or DTL devices. It al-
lows program-controlled data transfers at rates
up to 40K words per second and uses LSI-11 bus
interface and control logic to generate interrupts
and process vector handling. The data are han-
dled by 16 diode-clamped input lines and 16
latched output lines. There are two 40-pin con-
nectors on the module for user interface applica-
tions.

The DRV11-B is an interface module that uses di-
rect memory access (DMA) to transfer data di-
rectly between the system memory and an /O
device. The interface is programmed by the proc-
essor to move variable length blocks of 8- or 16-
bit data words to or from specified locations in
the system memory. Once programmed, there is
no processor intervention required. The module
can transfer up to 250K 16-bit words per second
in the single-cycle mode and up to 500K 16-bit
words per second in the burst mode. It also al-
lows read-modify write operations.

Sixty-four input/output data lines are now avail-
able on a double-height module for the LSI-11/2,
LSI-11/23, PDP-11/03, and PDP-11/23. The DRV11-
J also includes an advanced interrupt structure
with bit interruptability up to 16 lines, programm-
able interrupt vectors, and program selection of
fixed or rotating interrupt priority within the
DRV11-J. The DRV11-J’s bit interrupts for real-
time response make it especially useful for sen-
sor 1/0 applications. It can also be used as a
general-purpose interface to custom devices,
and two DRV11-Js can be connected back-to-
back as a link between two LSI-11 buses.
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The DRV11-P is a foundation wire-wrap interface
module with a 40-pin /O connector. Approxi-
mately 25 percent of the module is occupied by
bus transceivers, interrupt vector generation log-
ic, device comparator logic, protocol logic, and
interrupt logic. The remaining 75 percent is for
user applications; this portion has plated-
through holes for securing ICs and wire-wrap
pins for interconnecting the user’s curcuits. The

" plated-through holes can accept 6-, 8-, 14-, 18-,

20-, 22-, 24-, and 40-pin dual-in-line integrated cir-
cuits or discrete components.

The IBV11-Ais an interface module that inter-
connects the LSI-11 bus with the instrument bus
described in IEEE standard 488 1975, ““Digital In-
terface for Programmable Instrumentation.” The
IBV11-A makes a processor-controlled pro-
grammable instrument system possible. The
module can accommodate up to 15 IEEE-488 de-
vices and is PDP-11 software-compatible.

The KWV 11-A is a programmable real-time clock/
counter that provides a means of determining
time intervals or counting events. It can be used
to generate interrupts to the processor at
predetermined intervals or establish timing be-
tween input and output events. It can also initial-
ize the ADV11-A analog-to-digital converter by a
clock counter overflow or by firing a Schmitt trig-
ger. The clock counter has a resolution of 16 bits
and can be driven by any one of five crystal-con-
trolled frequencies (100 Hz to 1 MHz), from a line
frequency input, or from a Schmitt trigger fired
by an external input. The module can operate in
any of four programmable modes: single interval,
repeated interval, external event timing, and ex-
ternal event timing from zero base.

The KWV11-C, like the KWV11-A, is a programm-
able real-time clock/counter that provides a vari-
ety of means for determining time intervals or
counting events. It can generate interrupts to the

8
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processor at predetermined intervals or estab-
lish timing between input and output events. It is
used to start the ADV11-C analog-to-digital con-
verter or the AXV11-C analog I/0 module, either
by clock counter overflow or by the firing of a
Schmitt trigger. The KWV11-C’s two Schmitt
triggers each have integral slope and level con-
trols. The Schmitt triggers permit the user to
start the clock, initiate A/D conversions, or gen-
erate program interrupts in response to external
events.

Communications Options

DLV11

DLV11-E

DLV11-F

The DLV11 is a serial line unit (SLU) that inter-
faces with asynchronous serial 1/0 devices. The
module has jumper-selectable baud rates (50-
9600) and serial word format that includes the
number of stop bits, number of data bits, and
even, odd, or no parity bit. The DLV11 can sup-
port 20 mA current loop interfaces or EIA ““data
leads only” interfaces.

The DLV11-E is an asynchronous line interface
module that interconnects the LSI-11 bus to
standard serial communications lines. The mod-
ule receives serial data, converts it to parallel
data, and transfers it to the LSI-11 bus. Also, it
accepts parallel data from the LSI-11 bus, con-
verts it to serial data, and transmits it to the pe-
ripheral device. The module has jumper-select-
able or software-selectable baud rates (50-
19,200), and jumper-selectable data bit formats.
The DLV 11-E offers full modem control for EIA/
CCITT interfaces.

The DLV11-F is an asynchronous line interface
module that interconnects the LSI-11 bus to sev-
eral types of standard serial communications
lines. The module receives serial data, converts
it to parallel data, and transfers it to the LSI-11
bus. It also accepts parallel data from the LSI-11
bus, converts it to serial data, and transmits it to

9
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the peripheral device. The module has jumper-se-
lectable or software-selectable baud rates (50-
19,200) and jumper-selectable data bits. The
DLV11-F supports either 20 mA current loop or
EIA standard lines, but does not include modem
control.

The DLV11-J contains four independent asyn-
chronous serial line channels used to interface
peripheral devices to the LSI-11 bus. Each chan-
nel transmits and receives data from the periph-
eral device over EIA data leads (lines that do not
use a control line). The module can be used with
20 mA current loop devices if a DLV11-KA adapt-
eris used. The DLV11-J has jumper-selectable
baud rates from 150 to 38.4 K baud.

The DUV11 synchronous line interface module
establishes a data communication line between
the LSI-11 bus and a Bell 201 synchronous
modem or equivalent. The module is fully pro-
grammable with respect to sync characters,
character length (to to 8 bits), and parity selec-
tion. The receiver logic accepts serial data for
the LSI-11 bus. The transmitter logic converts
the parallel LSI-11 bus data into serial data for
the transmission line. The interface logic con-
verts the TTL logic levels to the EIA voltage lev-
els required by the Bell 201 modems and also
controls the modem for half-duplex or full-duplex
operation.

The DZV11 is an asynchronous multiplexer inter-
face module that interconnects the LSI-11 bus
with up to four asynchronous serial data commu-
nications channels. The module provides EIA in-
terface voltage levels and data set control to per-
mit dial-up (auto-answer) options with full-duplex
modems such as Bell models 103, 113, 212, or
equivalent. The DZV11 does not support half-du-
plex operations or the secondary transmit and
receive operations available in some modems
such as Bell 202. The DZV11 has applications in
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data concentration and collection systems
where front-end systems interface to a host com-
puter and for use in a cluster controller for termi-
nal applications.

The LPV11 printer option consists of an interface
module, an interface cable, and either an LP05 or
LA180 line printer. The interface module provides
programmed control of data transfers and pro-
vides printer strobe signals appropriate for either
printer. The LA180 DECprinter is a high-speed
printer that prints 180 characters per second and
the LP05 printer can print 240 or 300 lines per
minute, depending on which model is selected.

The RXV11 option consists of an interface mod-
ule, cable assembly, and either a single or dual
drive RX01 floppy disk. This option is a random

‘access mass storage device that stores data in

fixed-length blocks on a preformatted flexible
diskette. Each diskette can store and retrieve up
to 256K, 8-bit bytes of data. The RXV11 system is
rack mountable in the standard 48.3 cm (19 in.)
cabinet.

The RXV21 floppy disk option is a random ac-
cess mass memory device that stores data in
fixed-length blocks on a preformatted, flexible
diskette. Each diskette can store and retrieve up
to 512K 8-bit bytes of data. The RXV21 system is
rack-mountable and consists of an interface
module, an interface cable, and either a single or
dual RX02 floppy disk drive. The interface mod-
ule converts the RX02 1/0 bus to the LSI-11 bus
structure. It controls the RX02 interrupts to the
processor, decodes device addresses for register
selection, and handles the data interchange be-
tween the RX02 and the processor via DMA
transfers. Power for the interface module is sup-
plied by the LSI-11 bus.

1



TUS8

VK170-CA

Backplanes

INTRODUCTION

The TU58 is a low-cost intelligent mass memory
device that offers random access to block-for-
matted data on pocket-size cartridge media. It is
ideal as inexpensive archive mass storage or as
a software update distribution medium. A dual
drive TU58 offers 512 Kb of storage space, mak-
ing it one of the lowest cost complete mass stor-
age subsystems available. For mounting flexibili-
ty, the TU58 is offered both as a component level
subsystem and as a fully powered 52" rack-
mount subsystem.

The VK170 module forms an integral part of a ter-
minal. The module accepts serial ASCIl encoded
data to be stored in a refresh memory to gen-
erate a display for a video monitor. The VK170
also accepts parallel data from a keyboard (on
strobe demand) to generate serial ASCII output.
The VK170 is an extended-length, double-height
board. Mounting holes are provided for stand-off
mounting via handle rivets and two holes locat-
ed near the module fingers.

The following backplane options are available for the LSI-11 bus:

H9270

H9273-A

H9275-A

H9276

A 4 x 4 (four rows of four slots each) backplane
with card guide assembly. LSI-11 bus in rows A-
B and C-D. Accepts 8 double-height modules or 4
quad-height modules or combinations of both.

A 9 x 4 (nine rows of four slots each) backplane
with card guide assembly. LSI-11 bus in rows A-
B only. Special interconnect bus in rows C-D. Ac-
cepts double-height or quad-height modules.

A 9 x 4 (nine rows of four slots each) backplane
with card guide assembly. LSI-11 bus in rows A-
B and C-D. Accepts up to 18 dual-height modules
or nine quad-height modules or a mixture of
both. Supports 4 megabyte (22-bit) addressing
capability.

A9 x 4 (nine rows of four slots each) backplane.
Extended LSI-11 bus in rows A-B. C-D rows are

12




H9281

DDV11-B

Enclosures
H909-C

BA11-M

BA11-N

BA11-S

INTRODUCTION

special interconnect bus rows. Accepts both
double- and quad-height LSI-11 modules for use
in a 22-bit addressing system. Can be used as a
mounting box or as an expander box.

A 2-slot backplane available in 4-, 8-, or 12-slot
options. Accepts double-height modules only.

A 9 x 6 (nine rows of six slots each) backplane.
LSI-11 bus in rows A-B and C-D. Rows E-F are un-
bussed except for + 5V and ground. Accepts 18
double-height or 9 quad-height modules or com-
binations of both.

A 13.3cm (5.25in) high, 48.3 cm (19 in) wide en-
closure which can be mounted in a 48.3 cm (19
in) rack or as a stand-alone. Accommodates the
DDV11-B backplane or a9 x 6 system mounting
unit or houses non-standard mounting-arrange-
ment. Includes cooling fan, cord guide, cable re-
straints, front bezel, and connector block.

A 8.9 cm (3.5in) high, 48.3 cm (19 in) wide expan-
sion box which can be mounted in 48.3 cm (19 in)
rack. Includes H9270 backplane, H780 power
supply, blank front panel or bezel, and cooling
fan.

A 13.2cm (5.19in) high, 48.3 cm (19 in) wide
mounting box which can be mounted in a 48.3
cm (19 in) rack. Includes H9273-A backplane,
H786 power supply, H403-A ac input panel, blank
front panel or bezel, and cooling fan.

A 13.2cm (5.19in) high, 48.3 cm (19 in) wide
mounting or expander box. It can be installed in
a standard 48.3 cm (19 in) rack. Includes H9276
backplane, H7861 power supply, H403-B ac input
box, a blank front bezel or bezel assembly with
switches and indicators, and two cooling fans.

13



BA11-VA

Power Supplies
H780

INTRODUCTION

The BA11-VA is a small form-factor package pro-
viding mounting space and power for four LSI-11/
2 or LSI-11/23 family modules. This package,
plus the high functionality of DIGITAL’s micro-
computer products, allows LSI-11 microcom-
puter applications to be implemented within a
space smaller than that required for many 8-bit
systems.

Provides +5V +4%, 18 A (max) and + 12V + 3%,
3.5 A (max) at 110 Vac and features line-time
clock, and power-faillautomatic restart. Available
primary power of 115 or 230 Vac and with or with-
out master and slave console.

Cables and Connectors

Various preassembled cables in different
lengths are available for use with interface and
communications options. See Appendix E for
commonly used cables.

Wire-Wrappable Modules

W9500 Series: LSI-11 Bus-Compatible Wire-Wrappable Modules
(W9511, W9512, W9514 AND W9515) — The LSI-11 bus-compatible
wire-wrappable modules consist of quad-height and double-height
modules. Two LSI-11 bus-compatible modules are available without

DIP sockets.
W9511

W9514

Quad-height, extended-length, single-width
module with extractor handle. No DIP sock-
ets included. One 40-pin male cable con-
nector premounted on board and space for
additional 40-pin connector provided.

Power and ground connections are Vec —

BA2, CA2, DA2
GND —AT1, BT1, CT1, DT1, AC2, BC2, CC2,
DC2

Same as W9511 except with 58 pre-mount-
ed DIP sockets.

14



W9512

W9515

Integrated Circuits
DC319-AA
DLART

DCK11-AA, -AC

DCK11-AB, -AD

INTRODUCTION

Power and ground connections are the
same as W9511

Double-height, extended-length, single-
width module with Flip-Chip handle. No
DIP sockets included. One 40-pin male con-
nector premounted on board.

Power and ground connections are
GND—AT1, BT1,AC2, BC2

Same as W9512 except with 25 pre-mount-
ed DIP sockets.

Power and ground connections are the
same as W9512

The DC319-AA DLART is a DL-compatible, asyn-
chronous receiver/transmitter designed for data
communications with Digital’s microprocessor
family. Programmed by the CPU to operate either
in 8-bit or 16-bit mode with asynchronous baud
rates ranging from 300 to 38.4K, the DLART ac-
cepts data characters from the CPU in parallel
format and converts them into a continuous seri-
al data stream for transmission. Simultaneously,
the DLART can receive serial data streams and
convert them into parallel data characters for the
CPU.

The DCK11-AA and -AC CHIPKITSs provide the
logic necessary for a program transfer interface
to the LSI-11 bus. The DCK11-AA kit contains
one DCO03 Interrupt Chip, one DC004 Protocol
Chip, and four DC005 Transceiver/Address De-
coder/Vector Select Chips. The DCK11-AC kit
contains previous chips plus one W9512 double-
height, extended length, high-density wire-wrap-
pable module and one BCO7D-10 ten-foot, 40-
connector plug-in cable.

The DCK11-AB and -AD CHIPKITs provide the
logic necessary for a Direct Memory Access
(DMA) interface to the LSI-11 bus.

15



INTRODUCTION

The DCK11-AB kit contains one DCO03 Inter-
rupt Chip, one DC004 Protocol Chip, four DC0O05
Transceiver/Address Decoder/Vector Select
Chips, two DC006 Word Count/Bus Address
Chips, and one DC010 DMA Control Chip. The
DCK11-AD kit contains the previous chips plus
one W9512 double-height, extended-length, high-
density wire-wrappable module and one BCO7D- -
10 ten-foot, 40-connector plug-in cable. DMA ap-
plications use the same chips as program
control interfaces, plus two DC006s for word or
byte address counters and a DC010 DMA bus

“ control IC.

Miscellaneous Options

BDV11

KPV11-A, -B, -C

The BDV11 module has 2K words of read-only
memory (ROM) that contains diagnostic and
bootstrap programs. These programs-are user-
selectable by setting dip switches. The diagnos-
tic programs will test the processor, the memory,
and the user’s console. The bootstrap programs
can boot most LSI-11 peripheral devices. The-
module also has 120-ohm bus terminator cir-
cuits.

The user can add up to 16K of read-only memory
(ROM) and up to 2K words of erasable program-
mable ROM (EPROM) on the module. This 18K
words of additional memory can be used with no
increase in the amount of 1/0 address space.

The KPV11-A module generates power-up and
power-down sequences, monitors for a power-
fail condition, and generates the line-time clock
(LTC) function. The KPV11-B is the same as the
“A” except that it provides 120-ohm termination
circuits. The KPV11-C is the same as the “A” ex-
cept that it provides 220-ohm termination cir-
cuits. The module can be installed on any back-
plane or remotely installed via an optional cable.
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REV11-A,-C

TEV11

DLV11

DPV11-DA

RLV12

INTRODUCTION

The REV11-C module has a bootstrap ROM and
direct memory access (DMA) refresh circuits.
The REV11-A is identical to the REV11-C except
it has additional 120-ohm termination circuits.

The TEV11 is a bus terminator module that pro-
vides 120-ohm bus termination circuits.

The DMV11 is a microprocessor- controlled com-
munications interface that permits Direct Mem-
ory Access (DMA) data transfers. The controller
converts parallel data from the LSI-11 bus to ser-
ial data for line transmission and serial data
from the the line to parallel data for the LSI-11
bus. The serial data is transferred synchronously
over private or leased telephone lines or through
shielded cables for local operation. The control-
ler performs the detailed protocol operations, in-
cluding character and message synchronization,
header and message formatting, error checking,
and transmission control.

The DPV11-DA is an single-line, program-con-
trolled, double-buffered communication device
designed to interface the LSI-11 bus to high-
speed serial synchronous lines for use in many
commercial, industrial, and scientific applica-
tions, such as remote batch, remote data collec-
tion, remote concentration and communication
networking. The self-contained DPV11-DA can
handle a wide variety of protocols.

The RLV12 disk controller interfaces RLO1 and
RLO2 disk drives to any quad- or hex-size back-
plane that uses a 16-, 18-, or 22-bit LSI-11 bus.
One RLV12 can control up to four RLO1 and RL02
disk drives, in any combination. The RLV12 has
LSI-11 bus transceivers and decoders, pro-
grammable registers, controller timing and
sequence logic, and data formatting circuits to
read and write on the disk.
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INTRODUCTION

CONFIGURATION

The LSI-11 bus permits a unified addressing structure in which con-
trol/status and data registers for peripheral devices are directly ad-
dressed as memory locations. All operations on these registers, such
as transferring informaton to or from them or manipulating data within
them, are performed by normal memory address instructions. The use
of memory address instructions on peripheral device registers greatly
increases the flexibility of input/output communications.

Addresses

All the options except memories have at least one control and status
register and may have several data registers. Each register is assigned
an address through which the option can communicate with the proc-
essor. The upper 4K of memory address space is reserved for the
processor and external input/output (I/0) registers. The user can se-
lect any address (Appendix A) in the range of 160000 through 177776
and assign it to the option interface module. The modules are
configured to the desired address by selecting dip switches, connect-
ing or disconnecting wire-wrap pins, or installing or removing wired
jumpers on the module.
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AAV11-A
AAV11-A 4-CHANNEL 12-BIT D/A CONVERTER

INTRODUCTION

The AAV11-A is a four-channel, digital-to-analog converter module
that includes control and interfacing circuits. It has four D/A convert-
ers, a dc-to-dc converter that provides power to the analog circuits,
and a precision voltage reference. Each channel has its own holding
register that can be addressed separately and provides 12 bits of res-
olution. These registers can be written and read, using either word or
byte format. In addition, bits 0, 1, 2, and 3 of the fourth holding regis-
ter are brought out to the 1/0 connector, so they can be used as a four-
bit digital output register.

FEATURES
e Four 12-bit digital input channels, binary encoded for either unipo-
lar mode or bipolar mode.

e Jumper-selected output ranges and modes:
Bipolar mode 256V, +5.12V, £10.24V .
Unipolar mode 0to +5.12V,0to +10.24V

e One part in 4,096 resolution
® 5V/us slew rate
e +5 mA drive capability per converter

SPECIFICATIONS

Identification
Size
Power

Bus loads
ac
dc

Resolution
Number of D/A converters
Digital input

Digital storage

AB001
Quad

+5.0Vdc 5% at1.5A
+12.0Vdc +3% at0.4 A

1.9
1.0

12 bits (1 part in 4’096),
4

12 bits (binary-encoded for uni-
polar mode; offset-binary-encod-
ed for bipolar mode)

Read/write, word or byte oper-
able, single-buffered



AAV1i-A

Output voltage range
(jumper selected)

Gain accuracy

Gain temperature coefficient

Offset temperature coefficient

Linearity
Differential linearity
Outputimpedance
Drive capability
Slewing speed

Rise and settling time (to 0.1% of
final value)

CONFIGURATION

+2.56V, £5.12V, £10.24 V bipo-
lar,0Vto +5.12V,0Vto +10.24
V unipolar

Adjustable (factory set for bipolar

- £5.12V)

10 PPM per °C, max.

20 PPM of full scale range per °C,
max.

+'2 LSB max, nonlinearity
+' LSB, monotonic

1 ohm max.

+6 mA max. per converter
5V/us

4 us (8 us wth 5000 pF load'in
parallel with 1 kQ

This section describes how the user can configure the module to
function within the system by setting dip switches (Figure 2) to obtain
the desired device address. The voltage range for each D/A converter
(DAC 0—DAC 3) can be configured independently by installing or re-
moving the designated jumpers (Figure 2) associated with a specific
D/A converter. This section also describes how to connect external
devices to the module. The standard factory addresses for the regls

ters are listed in Table 1.
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Table1 Standard Addresses

Register Mnemonic Address
Holding 0 DACO 170440
Holding 1 DAC 1 170442
Holding 2 DAC 2 170444
Holding 3 DAC3 170446
| STET<= L g
1 DACO DAC1 DAC2 DAC3
——1 [0 00 oqu
? /N /N /NN
OfFrEn dhi OFFsen  GARERT OfFSen\ T BA
DAC 0O DAC 1 DAC 2 DAC 3
M5 WS, WT, wio, Wiz, Wit wie, wis,
Voo Twa ws Tws  wim w4 Wi we

~
MODE / LEVEL STRAPS

BIT3 BIT 11
| \ s1

(ADDRESS)

1 [ i M

l n-4319

i Figure1 AAV11-A Connectors, Switches, and Jumpers
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Device Registers

The device registers can be configured to respond to any address
within the range 170000 to 177777. Each register address does not
have to be individually set. The DAC 0 register address is selectable,
and the last digit will be zero. The remaining registers will use ad-
dresses 17XXX2, 17XXX4, and 17XXX6 for DAC 1, DAC 2, and DAC 3
registers, respectively. The factory-configured device address is
170440 as shown in Figure 2. The word formats for the DAC registers
are described in Table 2. Note that all device registers are always a
sequence of four consecutive even locations. There is no vector used
for this module.

D/A Converter Range and Mode

The range and mode (bipolar or unipolar) voltages can be selected by
the user inserting or removing jumpers as shown in Figure 1. Four
jumpers are associated with each D/A converter. The module is facto-
ry-configured for —5.12 to +5.12 V bipolar operation. The jumper
configuations for the bipolar mode ranges are shown in Table 3; the
unipolar ranges are shown in Table 4.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

BDAL

BIT
POSITION

STANDARD ADDRESS
CONFIGURATION OFF OFF O

(170440) l L
9 | 8

F ON OFF OFF ON OFF OFF

ADDRESS SWITCH
(s1)

LOGICAL 1=0N
LOGICAL 0= OFF

MR-0855

Figure2 Address Selection
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Table2 DAC Word Formats

Bit DAC0,DAC1,DAC 2 DAC3
15-12 Not used Not used
11 Binary 11 Binary 11
10 Binary 10 Binary 10
9 Binary 9 Binary 9
8 Binary 8 Binary 8
7 Binary 7 Binary 7
6 Binary 6 Binary 5
5 Binary 5 Binary 5
4 Binary 4 Binary 4
3 Binary 3 Binary 3/Control 3
2 Binary 2 Binary 2/Control 2
1 Binary 1 Binary 1/Control 1
0 Binary 0 Binary 0/Control 0
Table 3 Jumper Configurations for Bipolar Operation
+2.56V +5.12V +10.24V
DAC 1
W3 IN IN ouT
W4 ouT ouT IN
W5 IN ouT ouT
Wé IN IN IN
DAC2
W7 IN IN ouT
w8 ouT ouT IN
w9 IN ouT ouT
W10 IN IN IN
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Table 3 Jumper Configurations for Bipolar Operation (Cont)

+2.56 V +5.12V +10.24V

DAC3

W11 IN IN ouT

W12 ouT ouT IN

W13 IN ouT ouT

W14 IN IN IN
DAC4

W15 IN IN ouT

W16 ouT ouT IN

W17 IN ouT ouT

W18 IN IN IN

Table 4 Jumper Configurations for Unipolar Operation

0V—+5.12V 0V—+10.24V

DAC1

W3 IN IN

W4 ouT ouT

W5 IN ouT

Weé ouT ouT
DAC2

W7 IN IN

w8 ouT ouT

W9 IN ouT

W10 ouT ouT
DAC3

W11 IN IN

W12 ouT out

W13 IN ouT

W14 ouT ouT
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Table 4 Jumper Configurations for Unipolar Operation (Cont)

0V—+5.12V 0V—+10.24V
DAC4
W15 IN IN
W16 ouT ouT
w17 IN ouTt
W18 out ouT

J1 Output Connections

Analog output devices such as oscilloscopes may be either grounded
or floating. If the oscilloscope is grounded, either through its power
plug or through contact between its chassis and a grounded cabinet,
the oscilloscope ground should not be connected to any of the
AAV11-A ground pins. Doing so may result in a ground loop which will
adversely affect oscilloscope control results as well as ADV11-A op-
eration (if used). If the oscilloscope is floating, its ground should be
connected to the AAV11-A logic ground, J1 pins L, N, R, or T. Note
that the foregoing assumes that the LSI-11 powersupply ground is
connected to powerline (earth) ground. If continuity checks reveal no
such connection, attach a length of 12-gauge wire between the
powersupply ground and a convenient point associated with earth
ground.
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Ji
Al 4 o— 1B
el o
£ F
H J
KL L
M N <
O
Pl R
s T
U 4
w X
W X
vl z
AA 88
ce D g7 300t
FF
EEL o BIT 2 OUT
HH JJ
pact Ha 6ND 1 5 ot T ouT
L
oacz Ha ono —Kf o o1 miTooUT
i NN
DAC 3 HQ GND —4——0  o——1——DAC 3 0UT
sy TesT b6 o {BR pac 2 ouT
ss T
+5V TEST o DAC 1 oUT
u v
DAC 0 HQ 6ND —}—o0  o——Y_pac 0 OUT

BOARD SIDE

Figure 3 Connection to Oscilloscope with Differential Input
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AAV11-C ANALOG OUPUT BOARD

INTRODUCTION

The AAV11-C is a dual-height, multi-channel analog output board de-
signed to interface analog instrumentation to the LSI-11 bus. It has
four individually addressable digital-to-analog converters (DACs),
each with 12 bits of input data resolution. Each DAC can be written or
read in either word or byte format. Jumpers permit selection of the
analog output voltage range for each register and its operating mode,
either unipolar or bipolar. One of the registers, DAC D, also has four
digital output bits for creating control signals to an analog device,
such as a CRT.

FEATURES
e 4 D/A converter circuits, separately controlled

e 12-bit digital resolution

e Read/write, word or byte addressable registers

@ Unipolar or bipolar output

e Output voltage range selection of +10V or 0 to 10 V

® 4-bit digital output for CRT control signals intensity, blank, un-
blank, erase

SPECIFICATIONS

Identification AB6006
Size Dual-height: 13.16 cm x 21.6 cm
(5.18in x 8.5in)
Power +50V5%at25A
Bus loads
AC 0.9
DC 1.0
D/A Resolution 12-bit
Number of D/A converters 4
Digital input 12-bits (binary encoded for uni-
polar output; offset binary for bi-
polar mode)
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Digital storage Four separate Read/write DAC
registers for word or byte stor-
age

Analog Output Voltage +10V @ 10 mA;

OVto10V @ 10mA

Gain accuracy Adjustable to (-) full-scale value

Gain drift +30 PPM per °C, max.

Offset drift +15 PPM per °C, max.

Offset error Adjustable to zero

Linearity (0-10 V) +12LSB; + 1.2 mV at full-scale
range

Differential linearity +2L.SB

Output impedance 0.5 ohm

Output current 10mA @ 10V min.

Settling time 6us to 0.1% for a 20 V p-p output
change

1/0 connector 20 pins; 3M no. 3421-7020

CONFIGURATION

The physical layout of the AAV11-C is shown in Figure 1. The AAV11-
C has switches and two jumpers to set up the device address. The
board also has jumpers to select the output voltage range for unipolar
and bipolar operation. The following paragraph describes in detail the
procedure for setting up the circuit board.

Device Select Addressing

The AAV11-C device address is the /O address assigned to the first
of four DAC registers. The user selects the device address via a
switch pack for address bits DAL 3-10 and two jumpers for bits DAL
11 and DAL 12. The device address can range from 160000s to 177770s
in increments of 10s. The device address is usually set at 170440s. This
is shown in Figure 2. A switch in the ON position represents a 0; a
switch in the-OFF position represents a 1. Jumper A11 is installed to
place a 0 at address bit DAL 11. Jumper A12is removed to place a 1 at
address bit DAL 12.
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FS RANGE ADJ A
ZERO OFFSET ADJ A
FS RANGE ADJ B
ZERO OFFSET ADJ B
FS RANGE ADJ C
ZERO OFFSET ADJ C
ZERO OFFSET ADJ D
FS RANGE ADJ D

AAV1i-C

(2]

D D D
O [ > *>—e
B A C B A C B A C B A C
o9 o 9 o —e o = o
DAC D DACC DACB DAC A
OFF ON
A10 |cm | 1
(==}
ADDRESS :-E
SELECT =
SWITCHES -
[em |
A3 |cm| 8
DC-DC CONVERTER
JUMPERS
o 0 A12
—e All

Figure 1

AAV11-C Physical Layout
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15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 BDAL

BIT
|1‘1|111I°|°|°|1'°l°|1l°l°l l ‘ Jposmow
1 T 1
STANDARD ADDRESS ON ON OFF ON ON OFF ON ON
CONFIGURATION vy ¥
(170440) ! T
j_ 1 | 2|34 |85|6|7]8
A12 - AT ADDRESS SWITCH (S1)
ouT IN
LOGICAL 1 =0UT LOGICAL 1= OFF
LOGICALO=IN LOGICAL 0=0ON

Figure 2 Selecting AAV11-C Device Address

Output Voltage Range Selection

Each DAC on the AAV11-C has separate voltage range jumpers. These
jumpers are found above their corresponding D/A converter IC on the
printed circuit board (See Figure 1). When sent from the factory, the
AAV11-C has a voltage range selected for all four DACs of bipolar + 10
V. Table 1 shows the jumpers to install to select the output voltage
range. The output of the board can be configured for either straight
binary notation for unipolar operation or offset binary notation for bi-
polar operation. The expected output values are shown in Table 1.

Table1 AAV11-C Output Voltage Range Jumpers

Output Voltage Install Input Code Output
Polarity Range Jumpers Notation (Octal) Value
Unipolar 0to +10V AtoC Binary 000000 + full scale
Bipolar 10V AtoB: 007777 ov
D Offset 000000 + full scale
binary 004000 oV
007777 —full scale
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15 110 0

17XXX0 l I DATA ] DAC A
15 : 1n_10 0

17XXX2 l . | . DATA | DACB
15 1_10 0

17XXX4 [ l DATA | DAC C
15 11 10 3 2 1 0

17XXX6 I I DATA I I | J DAC D

[ —

TTL SIGNALS TO THE 1/0 CONNECTOR

Figure 3 AAV11-C DACs

PROGRAMMING
The AAV11-C has four addressable read/write registers. Each register
is used by one of four digital-to-analog converters and can be ad-

dressed as one word or two bytes, allowing complete use of the LSI-
11 instruction set. The AAV11-C device address is the base address of

the first register, usually 170440.. The other registers are addressed in
increments of 2s above the base address.

Interfacing to the AAV11-C

Figure 1 shows the location of the connectors on the AAV11-C. DAC
inputs and control signal inputs enter the board via the LSI-11 bus
connectors. Analog output voltages and digital control signals leave
the board via the top edge connector J1. Table 2 shows the signal
names on this connector. Each DAC has one output and a corre-
sponding analog ground pin. The four least significant bits of DAC D
. (D00, D01, D02, and D03) are used for control signals to an analog de-
vice. These four bits are TTL-compatible.
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Figure 4 shows how the AAV11-C is connected to a device that uses
differential analog inputs and one control input. Both the AAV11-C
and the analog device must be set up for electrical compatibility. The
device manual should define which pins to attach to the AAV11-C
control bits. The software enables or disables the control bits.

Table2 AAV11-C Connector J1 Pin Assignments

Pin Signal Pin Signal
1 D00 H DGND
3 D01 H DGND
5 D02 H 6 DGND
7 DO3 H 8 DGND
9 10
11 AGND 12 AGND
13 DAC D OUT 14 AGND
15 DAC C OUT 16 AGND
17 DAC B OUT 18 AGND
19 DAC A OUT 20 AGND
|
AAVITC ANALOG INSTRUMENT
— | pacaout pin 19) Ny XN
ANALOG GROUND (PIN 20) " } :,:’ X RETURN >Xo
Weots
20PIN DACB (PIN 17) £y vinf
CONNECTOR ANALOG GROUND (PIN 18) | ,,L C/( Y RETURN Yo
DAC D DOOH {PIN 1) ZINL  NTENSITY CONTROL
| [oene 1 [T ZRETURN
Figure 4 Connecting AAV11-C to a Differential Input Device
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DESCRIPTION

lllustrated in Figure 5 is the block diagram of the AAV11-C. It is ad-
dressable from the LSI-11 bus at its interface transceivers. An ad-
dress switch pack determines the device address of the board. Set-
ting the address switch pack is described in the Configuration
section of the discussion on this interface.

Binary data is written to these registers to be converted to an analog
voltage. BDAL 000-11 becomes RDAL 00-11 within the AAV11-C. This
is the input to the holding register of the DAC selected. LD DAC A, B,
C, or D clocks the data into the DAC register.

DACA,B,ANDC

Digital-to-analog conversions are performed in each of three DACs by
identical circuits. A fourth DAC is slightly different. The first three
DACs have a holding register to store the digital input, a DAC IC that
generates a current to the input of the amplifier (the current is a func-
tion of the value in the holding register and the range select jumpers),
and an amplifier that changes its input current into a voltage propor-
tional to its input. The fourth DAC performs a function similar to the
other three DACs, but can also supply TTL-compatible signals for out-
put to external logic.

Each DAC has an offset potentiometer to adjust the amplifier to nega-
tive full-scale range and a range gain potentiometer to adjust for posi-
tive and negative full-scale range.

DACD

The DAC D is identical to the DAC A, B, and C except that bits 0-3 from
its holding register go to the I/0O connector and to the DAC IC. These
bits can be used for external equipment that needs control signals at
programmable times.

Control signals in these bits will affect any D/A conversions that occur
at the same time using DAC D.
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ADV11-A ANALOG TO DIGITAL CONVERTER

INTRODUCTION

The ADV11-A is a 12-bit successive approximation analog-to-digital
converter that samples analog data at specified rates and stores the
digital equivalent value for processing. A multiplexer section can ac-
commodate up to 16 single-ended or 8 quasi-differential inputs. The
converter section uses a patented auto-zeroing design that measures
the sample data with respect to its own circuitry offset and therefore
cancels out its own offset error.

A/D conversions are initiated by program command, clock overflow,
or external events. The program control is determined by the control
and status register (CSR). The clock overflow command is supplied by
the KWV11-A option. External event inputs can originate at the user’s
equipment or from the Schmitt trigger output on the KWV11-A clock.
The digital data output is routed through a buffer register to the bus,
from which it can be transferred into memory. This buffer optimizes
the throughput rate of the converter.

Three reference signals are provided for selftesting on any channel
input: two dc levels and one bipolar triangular waveform. This output
can be used with DIGITAL diagnostic software to produce a database
for extremely thorough and precise analog linearity testing.

FEATURES

e 16-channel multiplexer

e Sample-and-hold functions
e Autozeroing technique

e Buffered data output

e Selftesting features

SPECIFICATIONS

Identification A012
Type Quad
Power +5Vdc £5%at2.0 A
+12 Vdc +£3% at 450 mA
Bus Loads
ac 3.25
dc 1
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Inputs
Analog input protection

Logic input protection

Analog input full scale range
(FSR)

Analog input dynamic reSIStance
(Vin £5.12V)

Analog input bias current
(Vin<£5.12V)

Logic input voltages
Logic input currents

Logic input rise/fall time
Coding

A/D Converter
Resolution

Format

46.

Fusible resistor guaranteed to
open at £85 V within 6.25 sec-
onds. Guaranteed not to open
from —25Vto +20 V at the input.
Overload affects no components
other than the fusible resistor on
the overloaded channel; no other
channels are affected.

Fusible resistor guaranteed to
open at +£25 V within 6.25 sec-
onds. Guaranteed not to open
from —4Vto +9V atthe input.

10.24 V bipolar (—5.12 V to
+5.12V)

100 MQ minimum
50 nA, maximum

Low = 0.0to +0.7V
High=+2Vto +5V

Low = —6.8mAat0V
High=+1.3mAat+5V-

400 ns maximum

12 bits, binary-weighted (2.5 mV
nominal)

Parallel offset blnary, nght
justified

Input Voltage
+FS-1LSB

0

-FS

Output Code
7777

4000

0
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(FS=5.12V,
1LSB = 2.5 mV)

Vernier D/A
Resolution 8 bits, binary weighted
Format Offset binary encoded
Input Code
377
200
0]
Approximate
Offset Voltage
+2.5A/DLSB (+6.4 mV)
0
—2.5A/DLSB(—6.4 mV)
Performance
- Gain error Adjustable to zero
Offset error Adjustable to zero
Differential linearity No skipped states; no states wid-
er than 2 LSB. 99% of state
widths +£72 LSB
Integral linearity +1 LSB, maximum non-linearity
(referenced to end points)
Temperature coefficients Gain = 6 PPM per °C
Linearity = 2 PPM of full-scale
range per °C
‘ v Offset = 7.5 PPM of full-scale
range per °C
| Noise Module = 0.4 LSBrms; 2 LSB
| peak
f System = 0.5 LSB rms; 2 LSB
% peak
‘ Warm-up time 5 minutes, maximum
‘ Timing
External start Low level pulse, 50 ns minimum

to 10 us maximum; conversion
starts on leading edge
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Synchronization OtoT
Conversion time 16 T (T = Clock period = 2 us)
Transition interval 9us

(reacquisition interval between
end of conversion or channel
change and start of new conver-
sion)

Test Signals

The ADV11-A provides three output voltages for test purposes:
1. Positive dc level, +4.4 V (£15%)

2. Negative dc level, —4.4 V (£15%)

3. Triangular wave, 15 Hz nominal (£15%)

CONFIGURATION

This section describes how the user can configure the module to
function within the system by setting dip switches S1 and S2 (Figure
1) to obtain the desired device address and interrupt vector as de-
scribed in Table 1. When a jumper wire is inserted between the lugs,
the single-ended inputs (16 channels) are selected. When the wire is
removed, quasidifferential inputs are selected.
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SINGLE-ENDED
JUMPER LUGS

1 ]

ADDRESS
SWITCHES
BIT 2 BIT 3

_ sna

VECTOR
SWITCHES

OFFSET GAIN BIT 11

|

B‘OVERFLOW

(EXTERNAL START)

|

Figure 1

1-4322

ADV11-A Connectors and Switches

Table1 Standard Assignments

First Second

Module Module
Description Mnemonic  Address Address
Registers '
Control and Status CSR 170400 170420
Data Buffer DBR 170402 170422
Interrupt Vectors
Conversion Complete 400 410
Error 404 414
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Registers

The control and status register (CSR) address can be selected in the
range of 170000 to 177774 by using the S2 dip switch as shown in
Figure 2. Switch S2 is factory-set at 170400, which is the recommend-
ed address as illustrated in Figure 2. The functions of the CSR bits are
shown in Figure 3 and detailed in Table 2.

CSR ADDRESS FORMAT
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

I1I1I1I1I°I°I°IiITI°I°I°I°I°I°Iﬂ

STANDARD ADDRESS I | |
CONFIGURATION OFF OFF OFF ON OFF OFF OFF OFF OFF OFF

B O N O O A A

CSR ADDRESS
SWITCH (52) 0 9 8 7 6 5 4 3 2 1

MR 0854

Figure 2 CSR Switch-Selectable Address

15 14 13 12 1 10 09 08 o7 06 05 04 03 02 01 fele]
l | I e I e I I I I I |

I —— I | I I

ERR NOT USED MUX ADDRESS DONE EX MAINT AD
READ/WRITE INT ENA START START

ENA
ERR AD CLK 0 NOT USED
INT ENA DONE Sl:'ﬁET ENA

f-a3n

Figure3 CSR Bit Format
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Table 2 DBR Bit Functions

Bit ’ Function

Read-Only

15-13 Not used. Should read as 0.

12 ID—When ID Enable (bit 3) of the CSR has been set,
DBR bit 12 will be set to 1 at the end of the conver-
sion.

11-0 Converted Data—These bits contain the results of

the last A/D conversion.

3 Write-Only
- 15-8 Not used.
| 7-0 Vernier D/A—These bits provide a programmed off-

set to the converted value (scaled 1 D/ALSB = 1/50
A/D LSB). The hardware initializes this value to 200,
(midrange). Values greater than 200, make this in-
put voltage appear more positive.

Vector Interrupt

The A/D conversion complete interrupt vector is set by dip switch S1
(Figure 1). Any address in the range of 000, to 777, can be selected by
the user. The switch is factory-configured for 400, , the recommended
vector, as shown. in Figure 4. The error interrupt vector will be four
words higher than the A/D conversion complete interrupt vector.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
[efefelefefefol Jofofefefofo]o] ]

STANDARD VECTOR
CONFIGURATION
(400)

VECTOR

SWlTCH[B 7 6 5 4 3 2 1J
(S1)

OFF OFF OFF OFF OFF

(o]

~ MR 0853

Figure 4 Interrupt Vector
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Connections
Figure 5 illustrates the location of user connectors and switches on the
component side of the ADV11-A board.

Analog input signals are input to the ADV11-A through the 40-pin
connector. Pin assignments for the connector are shown in Figure 5.
The proper H856-t0-H856 cable is the BCO8R; The proper H856 to
prepared open-ended cable is the BCO4Z.

Losic 6ND =
A |B
I | — EXT START L
SINGLE ENDED L—Sf——o o D
£ o o F_ ramp
ANALOG GND$ I H ° J 4.5y
L« - o L _cHi7  -cH o7 CcH X7
+a.5v —M o o N_cHis  -cH 06 CH X6
P o R__cHis  -cH oS CH X5
ANALOG GNDi S o o—4T cHia  -cH o0a cH x4
v o  o—Y cHor  +cH o7 cH o7
W o o X_cHos +CH 06 cH 06
Y o o Z__CH OS5 . +CH 05 CH 05
LL] o o—1®8 cHoa  +cH 04 CH 04
el 00 oy 13 -CH 03 CH X3
EEL o FF_chiz  -cHoz cH x2
HH 9
— CH11  -CH 01 CH Xt
LU IR L ciio  -cH oo CH X0
MM NN
ML 6 o——ANN o3 +cH 03 CH 03
- 15V TEST PP o—fR choz  +cH 02 cH 02
+15V TEST S8 o TT_cHo1  +CH Ot cH o1
u
- YW_cHoo  +cH 00 cH 00
SINGLE  DIFFERENTIAL H322
ENDED NOMENCLATURE
BOARD SIDE

1-a170

Figure5 ADV11-A 40-Pin Connector Pin Assignments
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ADV11-C ANALOG-TO-DIGITAL CONVERTER

INTRODUCTION

The ADV11-C is an LSI-11 analog input printed circuit board that per-
forms analog-to-digital conversions. A dual-height module, it can ac-
cept up to 16 single-ended inputs, or up to eight differential inputs, ei-
ther unipolar or bipolar. A unipolar input can range from 0 Vdc to 10
Vdc. A bipolar input can range from — 10 Vdc to 10 Vdc. The ADV11-C
also has a programmable gain on these inputs of 1, 2, 4, or 8 times the
input voltage.

Analog-to-digital (A/D) conversions are started by a program com-
mand, an external trigger, or a realtime clock input. When the program
command sets the A/D START bit in the control/status register, the
ADV11-C will start the A/D conversion on the selected input channel.
The ADV11-C changes the analog input into digital data. The digital
data goes to the A/D data buffer register and waits for a programmed
data transfer to the LSI-11 processor or memory, or the ADV11-C puts
an interrupt request on the LSI-11 bus and waits for the interrupt re-
quest to be acknowledged.

FEATURES

e 16 single-ended analog input channels

e Eight differential analog input channels

e Software Programmable gain Amplifier with gains of 1,2, 4, or 8

e 12-bit output data resolution

e Output data notation in binary, offset binary, or two’s complement
format

e A/D results can be received by a programmed I/O transfer or by
servicing an interrupt request

e [nterrupts can be enabled and automatically set by A/D DONE and/
or ERROR flags

SPECIFICATIONS

Identification A8000

Size Dual-height: 13.16 cm x 21.6 cm
(5.18in x 8.5in)

Power +50V+5%at2.0A
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Bus loads
AC
DC

110 Connector

Inpdts
Number of analog inputs

Analog input range

Maximum input signal

Input impedance
Off channels

On channels
Power off

Input protection

Input bias current

AID Output ‘
Data Buffer Register

Resolution

Data Notation

Sample and Hold Amplifier

Aperture uncertainty
Aperture delay

ADV1ii-C

1.3
1.0

26 pins 3M no. 3399-7026

Eight channels using differential
inputs, or 16 channels using sin-
gle-ended inputs

OVto +10V
-10Vto +10V

+10.5V (signal + common
mode voltage)

100 M ohm minimum in parallel
with 10 pF maximum

100 M ohm minimum in parallel
with 100 pF maximum

1 K ohm in series with a diode

' Inputs are current-limited and

protected to + 30V overvoltage
without damage

20 nA at 25° C (76° F), maximum

16-bit read-only output' register

12-bit unipolar; 11-bit bipolar,
plus sign :

Binary, offset binary, or 2’s com-
plement

Less than 10 ns

Less than 0.5us from start of
conversion to signal disconnect.
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Front end settling Less than 15us to +0.01% of full-
scale value fora 20 V p-p input.

Input noise Less than 0.2 mV rms

A/D Converter Performance

Linearity x1/2LSB

Stability (temperature coeffi- +30 ppm/°C

cient)

Stability, long-term +0.05% change per six months

System accuracy Input voltage to digitized val-
ue +0.03%

Conversion time 25us from end of front end start-
ing to setting the A/D DONE bit

System throughput 25K channel samples per second

Environment

Temperature, operating 5°C to 60°C (41°F to 140°F)

Temperature, not operating —40°C to 66°C (— 40°F to
150°F)

Relative humidity, operating 10% to 95% with max. wet bulb

of 32°C (90°F) and min. dew
point of 2°C (35°F)not condens-

ing

DESCRIPTION

Figure 1 shows a block diagram of the ADV11-C. It is addressed via the
LSI-11 bus at its interface transceivers. The board has jumpers to se-
lect its device address. The ADV11-C has two programmable address-
able registers: the Control/Status Register (CSR), which is a read/
write, byte-addressable register, and the Data Buffer Register (DBR), a
read-only, word-addressable register. The board also has jumpers to
select the base interrupt vector. The ADV11-C has two interrupt vec-
tors. One is enabled when A/D DONE is set in the CSR; the other may
be enabled for an ERROR set in the CSR. The ERROR vector automati-
cally receives the base interrupt vector address + 4. See the address
and vector jumpers.

Once addressed, the transceivers send the bus data instruction to the
CSR. The instruction selects one of 16 channels, determines the gain
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selected (GS0, GS1), and determines how the board will start an ana-
log conversion. An analog conversion can be started by a realtime
clock input, by an external event trigger, or under program control by
setting the A/D START bit in the CSR.

GAIN SAMPLE AND
AMP 12817
AD
CONVERTER
(DBR)
16.CH
- MUX CLK
ELECT
CHO-16 S
(8CH
se/bi | DIFFER.
~o o ENTIAL) P2 | Awmp
= L]
AMP L P9
Jl—RTCINL 1
— RTC ENA H i CONTROL
RTCIN ADOR EXTENAH LoGIC
REGISTER/ fjs’ |
[COUNTER CLOCK
ECT
EXTIN L SELEC
| =%
5 l : o |
D11:08
L LD CSR H |
2\ RD CSR L
BEVNT L
| o5 :
F1 D 15:00
1
BDAL 1500 N o RD BUF H
TRANS-
CEIVERS
bevice INTERRUPT
ADDRESS [—| VECTOR
Sumpers 1 JumpeRs
» A3-A12 [] v3-vs
a T VECTOR ]
@
g
-+15V
oc.oc
I-aGnD
5V CONVERTER
-15V
K A/D DATA DO—D15

Figure 1 ADV11-C Block Diagram

One jumper (SE/DI) to the multiplexer determines whether the module
uses single-ended or differential inputs. Two jumpers (F2, F1) deter-
mine whether the external trigger comes from the I/O connector (J1) or
from the LSI-11 bus 50/60 Hz line input (BEVNT L).
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The output of the multiplexer goes to a differential amplifier then to a
programmable gain amplifier. Its gain is set by writing bits 2 and 3 in
the CSR. The gain selected (GS0 and GS1) may be 1, 2, 4, or 8 times the
input voltage.

The output of the programmable gain amplifier goes to a sample and

hold amplifier, where the analog signal is continuously sampled until

one of the following inputs is received.

e A/D START bit set in the CSR

e Realtime clock input at I/O connector or at pin RTC IN

e External event trigger input at I/O connector or at LSI-11 bus
BEVNT line.

When one of these inputs has been received, the sample and hold am-
plifier switches to “hold,” and the 12-bit A/D converter digitizes the
held analog voltage.

When the A/D conversion is complete, the A/D DONE bit is set in the
CSR, and the sample and hold amplifier returns to sampling. If the
DONE INT ENABLE bit is also set, an interrupt occurs to the LSI-11
bus. When the interrupt is acknowledged, the data is read by reading
the data buffer register (DBR).

PROGRAMMING THE ADV11-C REGISTERS
This section describes the mode of operation determined by setting
bits in the CSR and defines the bits in both registers.

Selecting ADV11-C Mode of Operation

The user determines the mode of operation of the ADV11-C, and se-
lects how the A/D conversions are to start and how the digital data is
transferred to the LSI-11 processor.

Starting an A/D Conversion — An A/D conversion can be started in
one of three ways.

1. Realtime clock input: Set bit 5 in CSR

2. External trigger enable: Set bit 4 in CSR

3. A/D START bit: Set bit 0 in CSR

Transferring Data to LSI-11 — The digital data can be transferred to

the LSI-11 processor or memory by a programmed /O transfer or by
servicing an interrupt request.
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Using LSI-11 instructions, a programmed I/O transfer can write the
CSR in the ADV11-C, read the CSR, and wait-for an A/D DONE bit (bit
7), then read the DBR to get the A/D data.

If interrupts are used, set interrupt enable bit (bit 6) of the CSR. When
the A/D conversion is complete, the A/D DONE bit (bit 7) sets, and an
interrupt occurs to the LSI-11 processor. The processor services the
interrupt request and gets the A/D data. After receiving the data, the
software clears the A/D DONE bit in the ADV11-C’s CSR.

An interrupt may also be programmed to occur on an error condition
by setting bit 14 in the CSR.

ADV11-C Standard Device Address

The ADV11-C permits assigning a device address between 160000s and
177770s. The standard device address is 170400s. This is the address
for the control/status register. The data buffer register automatically
receives the base address + 2, or 170402s. Table 1 shows the standard
address and interrupt vector address assignments.

ADV11-C Standard Interrupt Vector Address

The interrupt vector can be assigned between 0 and 770s in increments
of 10s. The standard base interrupt vector for the ADV11-C is 400.. This
vector is assigned to the A/D DONE interrupt request. If the DONE INT
ENABLE bit (bit 6) is set in the CSR, the A/D DONE bit (bit 7) enables
the interrupt request to the LSI-11 bus. When the interrupt request is
acknowledged by the LSI-11 processor, the interrupt service routine is
started at address 400s.

The ADV11-C can also interrupt on an error. The error interrupt request
is automatically assigned the base vector address + 4, or 404.. If the
ERROR INT ENABLE bit (bit 14) is set by the program, an interrupt re-
quest will occur at the occurrence of any error (bit 15 set).

The standard interrupt vector addresses are shown in Table 1.
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Table1 Standard Octal Address Assignments

First Second

- : Module Module
Description Mnemonic

et Address Address
Registers
Control CSR 170400 170420
[Status
Data Buffer DBR 170402 170422
Interrupt Vectors .
A/D DONE 400 410
ERROR 404 414

Control/Status Register (CSR)

The control/status register is a read/write register, shown in Figure 2.
A control instruction is written into the CSR; the A/D status is read
from the CSR. The bit definitions are described in Table 2.

Data Buffer Register (DBR)

The data buffer register is a read-only register that holds the digital
data after the A/D conversion is complete. The DBR can be read after
the A/D DONE flag is set in the CSR register. The format for the DBR is
shown in Figure 3. The bit definitions are described in Table 3. The A/D
DONE flag is cleared after reading the register or on initializing the
LSI-11 bus.

CONFIGURATION

The ADV11-C, shown in Figure 4, has jumpers to set up the device ad-
dress, the interrupt vector address, and the analog configuration. The
user may select the A/D input range, polarity, and the output data no-
tation.

A/D CONTROL/STATUS REGISTER (READ/WRITE)

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
170400
(BASE ADDRESS)

H_J
ERROR NOT USED MULTIPLEXER A/D
ADDRESS DONE

\W_J
RTC GAIN A/D
ENABLE SELECT START

ERROR DONE EXT NOT USED
INT ENA INT ENA TRIGGER
ENABLE

Figure 2 ADV11-C Control/Status Register (Read/Write)
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Bit

8-11

ADVii-C

Name
A/D START

Not used
GAIN SELECT

EXT TRIG
ENABLE

RTC ENABLE

DONE
INTERRUPT
ENABLE

A/D DONE

MULTIPLEXER
ADDRESS

Table2 ADV11-C Control/Status Register Bit Assignments
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Description

Write Only - When set, this bit
starts an A/D conversion. This
bit is cleared by internal logic
after starting conversion. It al-
ways reads back 0.

Read/Write - Set these bits to
select the gain for the analog
input as follows.

Gain GS1 GS0
(bit 3) (bit 2)

0
0
1
1

0 AN -
- OO0

Read/Write - When set, this bit
allows an external trigger to
start an A/D conversion.

Read/Write - When set, this bit
allows a realtime clock input to
start an A/D conversion.

Read/Write - When set, this bit
enables an interrupt on A/D
DONE (bit 7). Both bits are
cleared by INIT.

Read Only - This bit is set at
the end of an A/D conversion
and is reset by reading the A/D
data buffer register.

Read/Write - These bits select
one of 16 analog input chan-
nels.
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Bit Name Description
1213 Not used

14 ERROR Read/Write - When set, this bit

: enables an interrupt on an ER-
ROR (bit 15). Both bits are
cleared by INIT.

15 ERROR Read/Write - When set, this bit
INTERRUPT indicates that an error has oc-
ENABLE curred due to one of the follow-
ing.

e Trying an external start or
clock start during multiplexer
settling time.

e Trying a start while an A/D
conversion is in process.

e Trying any start while the A/D
DONE bit is set.

This bit can be cleared by writ-
ing the CSR or by an INIT.

A/D DATA BUFFER REGISTER (READ ONLY)

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
170402
(BASE ADDRESS +2)
.

=
Y Y

SIGN msB A/D DATA LsB
(USED FOR 2's
COMPLEMENT

NOTATION ONLY)

Figure 3 ADV11-C Data Buffer Register (Read Only)

There are two types of jumpers on the ADV11-C board. Some are point-

. to-point jumpers, in which each jumper pin has a unique number. A
jumper is installed from one numbered pin to another. The other jump-
ers are pairs of pins. With each jumper type, a jumper wire is installed
across a pair of pins.

This paragraph provides details on setting up the circuit board.
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Table 3 ADV11-C Data Buffer Register Bit Assignments

Bit Name Description

0-11 A/D DATA These bits hold the paraliel
digital output after completion
of the A/D conversion in one of
the following data notations.

e binary
e offset binary
e 2’'s complement

The user selects the data nota-
tion.

12-15 SIGN These bits are the sign for the
bipolar inputs when using 2’s
complement notation. These
bits are not used for binary or
offset binary notation.

JUMPER RTCIN L
GROUP D.
7y L
& LY LY LY
ui FULLSCALE PG ZERO ZERO DC-DC CONVERTER
(|
" JUMPER
%56 GROUPE
o5
3iNOT A/D CONVERTER MODULE
21 USED
291!
NOTE:
THE JUMPERS SHOWN ARE THE A3 B, A5
FACTORY-SHIPPED CONFIGURATION. 53 |°'°|:?
29 399
Ima Az 3 va JUMPER
5 olvae— |
R r?,'!' 269 P 9V7 [~GROUPS
L oo%aze 0] 88vs AANDY
B3 6f7 4
sa1V8
o0 A8
2/ &0 lo o‘ﬁo
o0
391 12 9A9
/ SO A12
—
7 |
JUMPER JUMPER JUMPER
GROUP P GROUP D GROUP F
(NOT USED)

Figure 4 ADV11-C Physical Layout
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Selecting ADV11-C Device Address

The ADV11-C device address is the 1/0 address assigned to the A/D
control/status register. The device address is selected by means of
jumpers A3 through A12. (See jumper groups A and V in Figure 4). The
jumpers allow the user to set the device address within the range of
1600005 to 177770s in increments of 10.. The device address is usually
set at 170400, as shown in Figure 5. A jumper installed decodes a 1in
the corresponding bit position; a jumper out decodes a 0.

15 14 13 12 11 10 09 08 07 06 05 04 03 01
02 00 BDAL

Lfofififefofo v oofo oo T T Jor
sTAoATD A00AEss J | ] lﬂ L]
1111311

(170400)

A12 A11 A10 A9 A8 A7 A6 A5 A4 A3
IN  OUT OUT OUT IN OUT OUT OUT OUT OUT

LOGICAL1=IN
LOGICAL0=0UT

Figure 5 Selecting ADV11-C Device Address

Selecting ADV11-C Interrupt Vector Address

The ADV11-C is capable of generating two interrupt vectors to the LSI-
11 processor. These interrupts, if enabled, occur when the A/D DONE
bit or the ERROR bit is set in the CSR. The base interrupt vector ad-
dress is assigned to A/D DONE. (The ERROR interrupt automatically is
assigned the base interrupt vector address +4.)

The base interrupt vector address can be set within the range of 0 to
770s, in increments of 10.. It is usually set to 400s by jumpers V3
through V8, as shown in Figure 6. (See jumper groups A and V in Fig-
ure 4).

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
T
[ofofofofofo o s ofofofofofofo]o]
STANDARD VECTOR l 1 l 1 l
CONFIGURATION
(400g) I B S S

V8 V7 V6 V5 V4 V3
IN OUT OUT OUT OUT OUT

Figure 6 Selecting ADV11-C Interrupt Vector Address
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Selecting ADV11-C Analog Input Range, Type, and Polarity

The ADV11-C allows software control over the full-scale range selec-
tion. The effective ranges provided by the programmable gain are as
follows:

Gain Unipolar Bipolar 1
1 OVto +10V +10V

2 OVto +5V +5V

4 OVto +25V +25V

8 OVto1.25V +125V

Table 4 shows the jumpers that must be installed to set up the analog
input type. The board comes from the factory set for 16-channel sin-
gle-ended, bipolar inputs. Refer to jumper group P in Figure 4.

Table 4 Selecting ADV11-C Analog Input Type

Input Type Install Jumpers
Single-Ended Inputs* P1to P2; P8 to P9
Differential Inputs P2 to P3; P4 to P5

* Factory configuration

NOTE
Jumpers P6 and P7 are factory installed for the pro-
grammable gain feature and should be left in.

Selecting ADV11-C A/D Output Data Notation

The ADV11-C allows the user to select the data notation to be used for
the A/D output, as either binary, offset binary, or 2's complement nota-
tion. Table 5 shows the jumpers that must be installed to select the
data notation. Refer to jumper groups D and E near the handle of the
board, shown in Figure 4.
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Table 5 Selecting A/D Output Data Notation

Jumpers
A/D Output Output Code
Data Notation 1D 4D 5D .-6D 5E 6E Input Voltage (Octal)

Binary IN OUT OUT IN OUT IN + full scale 007777
oV 000000
Offset binary* OUT IN OUT IN OUT IN + full scale 007777
oV 004000
— full scale 000000
2's OUT IN IN OUT IN OUT  + full scale 003777
Complement oV 000000

— full scale 174000

* Factory configuration

Selecting Source of External Trigger

The A/D conversions within the ADV11-C can be started in one of the

following three ways:

1. Under program control, using the A/D START bit in the CSR.

2. By arealtime clock input at J1 pin 21 or at pin RTC IN.

3. By an external trigger, either at J1 pin 19 or at the BEVNT line on
the LSI-11 bus.

The user can select the source of the external trigger using two jump-
ers on the board. (See jumper group F in Figure 4.) Table 6 shows the
jumpers to install to select the source of the external trigger.

Table 6 Selecting ADV11-C External Trigger

Jumpers
External Trigger Source F1 F2
BEVNT line (LSI-11 bus) IN out
EXT TRIG IN (J1 pin 19) ouTt IN

INTERFACING TO THE ADV11-C

Figure 4 shows the location of the 1/0 connector J1 on the ADV11-C.
Analog input signals enter the board through this connector. Up to 16
single-ended analog inputs can be connected to J1(CH 0-CH 15), or up
to 8 differential analog inputs can be connected to J1 using CH0-CH 7
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and RETURN 0-7. A realtime clock input and an external trigger can
also be connected to J1. Under program control, the clock or external
trigger can be enabled to start an A/D conversion. The pin assign-
ments for J1 are shown in Table 7.

The ADV11-C has two bus interface connectors that plug into the LSI-
11 bus. These connectors have signals defined by LSI-11 bus specifi-
cations.

Single-Ended Inputs (16 Channels)

Single-ended analog inputs have one side of the user’s analog source
connected to the A/D converter amplifier and the other side connected
to ground, as shown in Figure 7.

The benefit of single-ended inputs is that the user gets twice as many
channels as in a differential input system. The disadvantage is the
loss of the common mode rejection that is available with a differential
system. Therefore, the recommended analog inputs are as follows:

e Input level: High, more than 1V
e Input cable lengths: Short, less than 4.5 m (15 ft)

The user’s source may be positioned some distance from the comput-
er, and a voltage difference may occur between the user’s source
ground and the computer ground. This ground voltage difference (V)
is included in the signal received by the A/D converter. To decrease
this ground difference, plug the user’s device into an ac receptacle as
close as possible to the one providing power to the computer.

Table7 ADV111-C Connector J1 Pin Assignments

Pin Signal Name Pin Signal Name

1 CHO 2 CH 8 or RETURN 0
3 CH 1 4 CH 9 or RETURN 1
5 CH2 6 CH 10 or RETURN 2
7 CH3 8 CH 11 or RETURN 3
9 CH4 10 CH 12 or RETURN 4
ik CH5 12 CH 13 or RETURN 5
13 CH6 14 CH 14 or RETURN 6
15 CH7 16 CH 150r RETURN 7
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Pin Signal Name Pin Signal Name

17, A GND 18 AMP L

19 EXTTRIGIN L 20 D GND

21 RTCINL 22 D GND

23 — 24 A/D REF

25 — 26 A/D REF
GENERATING DEVICE RECEIVING DEVICE

1

MR 5941

Figure 7 Single-Ended Analog Input

NOTE
Do not run a wire from the user's ground to the
ADV11-C analog ground, since this wire forms a path
for ground loop current that can affect the results on
all input channels.

Floating input lines can be created by connecting the common side of
the user’s devices to the analog ground input on the ADV11-C (J1 pin
17). The ground point is shared among the channels. The signal return
path from the A/D converter does not result in a current loop with the
device ground.

Pseudo-Differential Inputs (16 Channels)
A pseudo-differential analog input system can be created by connect-
ing all input sensors referenced to a common point, suchas AMPL, as
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shown in Figure 8. This is possible because AMP L is an input at con-
nector J1 (pin 18) for user connection. The input amplifier rejects the
common mode noise. The recommended analog inputs are as follows:

e Input range: 100 mV to 10V
e Input cable Iengths: Less than 7.5 m (25 ft)

-—_———————
FLOATING SOURCE ADV11-C
SIGNAL /N | chano
RETURN ;=% | chan 1 I
hid . CHAN 2
1 chan 3 |1ecran I
INPUT |
—4——uix 3
BATTERY POWERED | see NOTE |
SOURCE I CHAN 15 s P8 I
I SIGNAL ~N ] Po
= RETURN S L1+ v |
=
3 SIGNAL 7\ l
> = |
INSTRUMENT WITH l l
ISOLATION TRANS- | |
FORMER AND
FLOATING SECONDARY | |
SIGNAL ~
T = | |
" RETURN /%5 | |
<7
J1-18 AMP L
| & | |
‘ m ANALOG GROUND ]

L___._:_.___I

NOTE FOR SINGLE-ENDED INPUTS
(16 CHANNELS) CONNECT

P2 TOP1, AND P8 TO P9 COMPUTER

GROUND

FOR DIFFERENTIAL INPUTS
115 VAC (8 CHANNELS) CONNECT
P2 TOP3,ANDP4TO P5

Figure 8 Pseudo-Differential Inputs

Differential Inputs (8 Channels)

Differential inputs have one side of the generating source connected
to the positive (+) input of the A/D input amplifier and the other side of
the source connected to the negative (—) input of the amplifier, as
shown in Figure 9.
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GENERATING DEVICE RECEIVING DEVICE
r_—__'VI=VS+VN‘VN |———._-|

Figure 9 Differential Inputs

The benefit of differential inputs is that noise voltages appearing at
the same time on both sides of the source are rejected by the A/D in-
put amplifier. This is called common mode rejection, and provides a
system with low noise. The amount of noise rejection is a ratio, the
common mode rejection ratio (CMRR), given in decibels (dB). The
CMRR for the ADV11-C is 80 dB at full-scale range.

The disadvantage of differential inputs is that the number of available
input channels is lowered by half.

The recommended analog inputs are as follows:

e |nput range: 10 mVto 10V

e |nput cable length: As needed by user

e Cable type: Twisted-pair, shielded lines with low impedance
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AXV11-C ANALOG INPUT/OUTPUT BOARD

INTRODUCTION

The AXV11-C is an LSI-11 analog input/output printed circuit board,
A0026. The board accepts up to 16 single-ended inputs, or up to 8 dif-
ferential inputs, either unipolar or bipolar. A unipolar input can range
fromOV to +10V. A bipolarinput can range from—-10Vto +10V.The
AXV11-C has a programmable gain on these inputs of 1, 2, 4, or 8 times
the input voltage.

A/D conversions can be started by a program command, an external
trigger, or a realtime clock input. The AXV11-C changes the analog in-
put into digital data at its output. The digital data waits for a pro-
grammed data transfer to the LSI-11 processor or memory, or the
AXV11-C puts an interrupt request on the LSI-11 bus and waits for the
request to be acknowledged.

The AXV11-C also has two separate digital-to-analog converters
(DACs). Each DAC has a write-only register that provides 12-bit input
data resolution. On receiving the data, the AXV11-C changes the data
to an analog output voltage.

FEATURES
e 16 single-ended analog input channels or 8 differential analog in-

put channels; SE/DI jumper is field-selectable.
e Programmable gain of 1, 2, 4, or 8.
e 12-bit output data resolution.

e Output data notation in binary, offset binary, or 2’s complement
format.

e A/D conversions can be started by a program, an external trigger,
or a realtime clock.

e A/D results can be received by a programmed /O transfer or by
servicing an interrupt request.

e Common mode rejection ratio of 80 dB at maximum range.
e Two D/A converters (DACs).

e 12-bit digital input to each DAC.

e Each DAC has a unipolar or bipolar output.

e Output voltage range selection of £+ 10V or0Vito 10 V.
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SPECIFICATIONS
Identification

Power Requirements

Bus Loads

DC bus loads
AC bus loads

110 Connector

Analog Input

No. of analog inputs

Input range

Input gain (programmable)

Maximum input signal

Input impedance
Off channels
On channels

Power off
Input bias current

Common mode rejection ratio

A/D Output

Data buffer register
Resolution

A0026
+5V (£5%) @ 2.0A

1
1.3

26 pins; 3M no. 3399-7026

8 channels using differential in-
puts, or 16 channels using sin-
gle-ended inputs

OVto +10V;-10Vto +10V
Gain (+0.05%) Range -

1 10V
2 5V
4 25V
8 1.25V

10.5V (signal + common mode
voltage)

100 M Q in parallel with 10 pF
max

100 M Qin parallel with 100 pF
max

1k Qin series with a diode

20 nA @ 25° C, max

80 dB at 10 V full-scale range at
60 Hz

16-bit read-only output register

12-bit unipolar; 11-bit bipolar
plus sign
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Data notation

Binary, offset binary, or 2's com-
plement

Coding

Output
Coding

Notation Full-Scale  Code
Used Input Voltage (Octal)
Binary +9.9976 V 007777
0.0000 V 000000
Offset +9.9951V 007777
binary 0.0000 004000
—10.0000 V 000000
2’s +9.9951V 003777

complement 0.0000 V 000000

Sample and Hold Amplifier

Aperture uncertainty
Aperture delay

Front end settling

Input noise
A/D Converter Performance

Linearity

Stability (temperature coeffi-
cient)

Stability, long-term

Conversion time

System throughput
System accuracy

72

—10.000V 174000

Less than 10 ns

Less than 0.54S from start of
conversion to signal disconnect.

Less than 15uS to +0.01% of
full-scale value
fora 20V p-p input

Less than 0.2mV rms

+1/2LSB
+30 ppm/°C

+0.05% change per 6 months

25uS from end of front end start-
ing to setting the A/D DONE bit

25K channel samples per second

Input voltage to digitized val-
ue +£0.03%




D/A Converter Specifications

No. of D/A converters
Digital input

Analog output
Output current
Output impedance
Differential linearity
Non-linearity

Offset error

Offset drift

Gain accuracy

Gain drift

Settling time

Noise
Capacitive load capability

Environment
Temperature, operating
Temperature, not operating

Relative humidity, operating

DESCRIPTION

AXV11-C

2

12 bits (Binary code is used for
unipolar output; offset binary or
2’s complement code is used for
biplar output)

+10VorOVto +10V

+5 mA max

010

+1/2LSB

0.02% of full-scale value
Adjustable to zero

=+ 30 ppm/°C max
Adjustable to full-scale value
+ 30 ppm/°C max

65uS t0 0.1% fora 20 V p-p out-
put change

0.1% full-scale value
0.5uF

50C to 60°C (41°F to 140°F)

—40°C to 66°C (—40°F to
150°F)
10% to 95% with max. wet bulb

of 32°C (90°F) and min. dew
point of 2°C (35°F)not condens-

ing

Figure 1 shows a block diagram of the AXV11-C. The board has jump-
ers to select its device address. It has four addressable registers: the
control/status register (CSR), the data buffer register (DBR), DAC A
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register, and DAC B register. The board also has jumpers to select the
base interrupt vector address. The AXV11-C has two interrupt vectors.
One is enabled when A/D DONE is set in the CSR; the other may be
enabled for an ERROR set in the CSR.

AID Conversion

When the AXV11-C is addressed, the transceivers send the instruction
from the LSI-11 processor to the CSR. The instruction selects 1 of 16
channels, determines the gain selected, and determines how the
board will start the analog conversion. A jumper (SE/DI) to the input
multiplexer determines if singled-ended or differential inputs are to be
used.

An analog conversion can be started by a realtime clock, by an exter-
nal trigger, or under program control by setting the A/D START bit in
the CSR. CSR bit 5 enables the realtime clock input; CSR bit 4 enables
the external trigger input. Two jumpers (F2, F1) on the board determine
whether the external trigger comes from the I/O connector (J1) or from
the LSI-11 bus event line (BEVNT L).

The output of the multiplexer goes to a differential amplifier, thento a
programmable gain amplifier. The gain is set in the CSR with bits 2
and 3 (GS0 and GS1). The gain may be selected as 1,2, 4, or8 times the
input voltage.

The output of the programmable gain amplifier goes to a sample and
hold amplifier. The amplifier continuously samples the analog signal
while waiting for the A/D START bit in the CSR, for a realtime clock
input, or for an external trigger input. When one of these inputs has
been received, the sample and hold amplifier changes to “hold” and
the 12-bit A/D converter digitizes the “held” analog voltage.

When the A/D conversion is complete, the A/D DONE bit is set in the
CSR and the sample and hold amplifier returns to sampling. If the
DONE INT ENABLE bit is also set, an interrupt occurs to the LSI-11
bus. The contents of the 12-bit A/D converter is read by reading the A/

D data buffer register (DBR).

DIA Conversion
The DAC register input data is addressed on the LSI-11 bus as follows.
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Figure 1 AXV11-C Functional Block Diagram

Register Address Signal Generated
DAC A base address + 4SEL4 L
DACB base address + 6 SEL6 L
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The signals SEL 4 L and SEL 6 L create LD DAC A and LD DAC B, re-
spectively, to load either DAC A or DAC B. The digital data from the
LSI-11 bus goes to the bus transceivers, then into the selected DAC
register. Once the register is loaded, the digital-to-analog conversion
takes place. The DAC IC generates a current to the input of an ampli-
fier. The current is a function of the value in the register. (A zero offset
adjustment is made at the input to this amplifier.)

The amplifier converts the current to a voltage proportional to its in-
put, with its maximum range selected by jumpers. (A trim pot provides
adjustment to full-scale range.) The voltage is then amplified to be-
come DAC A OUT or DAC B OUT at the I/O connector J1.

PROGRAMMING THE AXV11-C
The AXV11-C has four programmable registers.

Register Read or Write  Standard
Address
Control/status register Read/write 170400s
Data buffer register Read only 1704025
DAC A register Write only 170404
DAC B register Write only 170406

This paragraph describes setting the mode of operation, defines the
standard device address and vector address, and defines the bits in
each register.

Selecting AXV11-C Mode of Operation

The user determines the AXV11-C mode of operation. The user selects
how the A/D conversions are to start and how the digital data is trans-
ferred to the LSI-11 processor.

Starting an A/D Conversion — An A/D conversion can be started in
one of the following three ways.

1. Realtime clock input: set bit 5in CSR.

2. External trigger enable: set bit 4 in CSR.

3. A/D START bit: set bit 0 in CSR.

Transferring A/D Data to LSI-11 Processor — The digital data can be
transferred to he LSI-11 processor or memory by a programmed 1/0
transfer or by servicing an interrupt request. Using LSI-11 instructions,
a programmed /O transfer can write the CSR in the AXV11-C, read the
CSR and wait for an A/D DONE bit (bit 7), then read the DBR to get the
A/D data.
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If interrupts are used, set the DONE INT ENABLE bit (bit 6) of the CSR.
When the A/D conversion is complete, the A/D DONE bit (bit 7) sets,
and an interrupt occurs to the LSI-11 processor. The processor ser-
vices the interrupt request and gets the A/D data. After receiving the
data, the software clears the A/D DONE bit in the AXV11-C’s CSR.

An interrupt may also be programmed to occur on an error condition
by setting bit 14 in the CSR.

AXV11-C Standard Device Address

The AXV11-C permits assigning a device address between 160000: and
177770.. The standard device address is 170400s. This is the starting
address for the AXV11-C registers. The control/status register (CSR)
receives this first address; the A/D data buffer register automatically
receives the starting address + 2, or 170402.. The DAC A register re-
ceives the starting address + 4, and the DAC B register receives the
starting address + 6. Table 1 shows the AXV11-C standard address
and vector address assignments. Please see section on selecting
AXV11-C device address.

Table1 AXV11-C Standard Address Assignments

First Second
Module Module
Description Mnemonic Address Address
Registers
Control/Status CSR 170400 170420
Data Buffer DBR 170402 170422
DACA DAA 170404 170424
DACB DAB 170406 170426
Interrupt Vectors
A/D DONE 400 410
ERROR 404 414

AXV11-C Standard Interrupt Vector Address

The interrupt vector can be assigned between 0 and 770s in increments
of 10s. The standard base interrupt vector for the AXV11-C is 400s. This
vector is assigned to the A/D DONE interrupt request. If the DONE INT
ENABLE bit (bit 6) is set in the CSR, the A/D DONE bit (bit 7) generates
an interrupt request to the LSI-11 processor. When the request is ac-
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knowledged by the LSI-11 processor, it starts the interrupt service rou-
tine at address 400.

The AXV11-C can also interrupt on an error. The error interrupt request
is automatically assigned the base vector address + 4, or 404.. If the
ERROR INT ENABLE bit (bit 14) is set in the CSR by the program, an
interrupt request will occur at the occurrence of any error (bit 15 set).

The standard interrupt vector addresses are shown in Table 1. See se-

lecting AXV11-C interrupt vector address section to change the base
interrupt vector address.

Control/Status Register (CSR)

The control/status register is a read/write register, shown in Figure 2.
A control instruction is written into the CSR; the A/D status is read
from the CSR. Table 2 defines the bits of the CSR.

A/D CONTROL/STATUS REGISTER (READ/WRITE)

15 14 13 12 11 _10 09 08 07 06 05 04 03 02 01 00
170400 l l I
(BASE ADDRESS)
ERROR NOT USED MULTIPLEXER A/D RTC GAIN A/D
ADDRESS DONE | ENABLE SELECT START
ERROR DONE EXT NOT USED
INT ENA INT ENA TRIGGER

ENABLE

Figure 2 AXV11-C Control/Status Register (Read/Write)

Table2 AXV11-C Control/Status Register Bit Assignments

Bit Name Description

0 A/D START Write Only—When set this bit
starts an A/D conversion. This
bit is cleared by internal logic
after starting conversion. It al-
ways reads back 0.

1 Not used

2,3 GAIN SELECT Read/Write—Set these bits to
select the gain for the analog
input as follows.
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Bit Name Description
Gain GS1 (bit 3) GSO0 (bit 2)
1 0 0
2 0 1
4 1 0
8 1 1
4 EXT TRIG Read/Write—When set this bit
ENABLE allows an external trigger to
start an A/D conversion.
5 RTC ENABLE Read/Write—When set this bit

allows a realtime clock input to
start an A/D conversion.

6 DONE Read/Write—When set this bit
INTERRUPT enables an interrupt on A/D
ENABLE DONE (bit 7). Both bits are
cleared by INIT.
7 A/D DONE Read Only—This bit is set at

the end of an A/D conversion
and is reset by reading the A/D
data buffer register.

8-11 MULTIPLEXER Read/Write—These bits select
ADDRESS 1 of 16 analog input channels.

12-13 Not used

14 ERROR Read/Write—When set this bit
INTERRUPT enables an interrupt on an ER-
ENABLE ROR (bit 15). Both bits are

cleared by INIT.
15 ERROR Read/Write—When set this bit

indicates that an error has oc-
curred due to one of the follow-
ing.

® Trying an external start or
clock start during multiplexer
settling time.

® Trying a start while an A/D
conversion is in process.
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Bit Name Description

e Trying any start while the A/D
DONE bit is set.

This bit can be cleared by writ
ing the CSR or by an INIT.

Data Buffer Register (DBR)
The data buffer register is a read-only register that holds the digital

data after the A/D conversion is complete. The DBR can be read after |
the A/D DONE bit is set in the CSR. Figure 3 shows the format for the 1‘
DBR; Table 3 defines its bits. i

The A/D DONE flag is cleared after reading the register or on initializ- ;
ing the LSI-11 bus. i

A/D DATA BUFFER REGISTER (READ ONLY)
15 14 13 12 11 10 09 08 07 06 05 04 - 03 02 01 00

170402
(BASE ADDRESS +2) [ !
« v J\. y— —
SIGN MsB A/D DATA LsB
(USED FOR 2's

COMPLEMENT
NOTATION ONLY)

Figure 3 AXV11-C Data Buffer Register (Read Only)

Table 3 AXV11-C Data Buffer Register Bit Assignments

Bit Name Description

0-11 A/D DATA These bits hold the parallel
digital outputs after completion
of the A/ID conversion in one of
the following data notations.

e binary
e offset binary
e 2’s complement

The user selects the data nota-
tion;:see table 6.
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Bit Name Description

12-15 SIGN These bits are the sign for the
bipolar inputs when using 2’s
complement notation. These
bits are not used for binary or
offset binary notation.

DAC A and DAC B Registers

DAC A register and DAC B register are 12-bit write-only registers. They
are loaded from the LSI-11 bus with digital data to be changed to an
analog voltage. Figure 4 shows the format for each register. Each DAC
responds immediately to the data word placed in its register. Each
register holds its last value until it is written again or power is turned
off.

DAC A DATA REGISTER (WRITE ONLY)
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

HENEEEEEEEEEEEEN

A J
Y Y
NOTUSED ~ MSB DAC INPUT Lss

170404
(BASE ADDRESS +4)

“

DAC B DATA REGISTER (WRITE ONLY)
15 14 13 12 11 10 09 08 07 06 05 04 ' 03 02 01 00

170406
(BASE ADDRESS +6)

u A
MsB

J
LSB

Y Y
NOT USED DAC INPUT

Figure 4 AXV11-C DAC A and DAC B Registers

Selecting AXV11-C Device Address

The AXV11-C device address is the 1/0 address assigned to the con-
trol/status register. The device address is selected by means of jump-
ers A3 through A12. (See jumper groups A and V in Figure 5.) The jump-
ers allow the user to set the device address within the range of 160000s
to 177770.. The device address is usually set at 170400s, as shown in
Figure 6. A jumper installed decodes a 1 in the corresponding bit posi-
tion; a jumper out decodes a 0.
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The user may select the format of the input data and output range and
polarity. However, both registers must use the same input data nota-
tion - binary, offset binary, or 2’s complement format. The output rang-
escanbe+10Vor0Vto + 10V. The two registers must use the same
polarity. Table 4 shows the expected output of the DAC for the select-
ed input.

Table 4 AXV11-C DAC Input and Output Values

Input Data Input Code Output
Polarity Notation (Octal) Voltage
Unipolar Binary 007777 + full scale
000000 ov
Bipolar Offset binary 007777 + full scale
004000 ov
000000 —full scale
Bipolar 2’s 003777 + full scale
complement 000000 ov
004000 —full scale

CONFIGURATION

The AXV11-C, shown in Figure 5, has jumpers to set up the device ad-
dress, the interrupt vector address, the analog configuration, and the
DAC configuration. The user may select the A/D input range, polarity,
and the output data notation. The user may select the D/A input data
notation, output range, and polarity of each DAC.

There are two types of jumpers on the board. Some are point-to-point
jumpers, in which each jumper pin has a unique number. A jumper is
installed from one numbered pin to another. The other jumpers are
pairs of jumper pins. With each jumper type, a jumper wire is installed
across a pair of pins.

This paragraph provides details on setting up the circuit board.
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14 13 11 10 09 7
15 12 08 07 06 05 04 03 02 01 00 BDAL

0 Jolofoo o T T Jor ..
zm?sm:ﬁﬁ“ J J l l NN
(170400) ! -l- -l- 11 111 1 -l-
A12 A11 A10 A9 A8 A7 A6 A5 A4 A3

IN OUT OUT OUT IN OUT OUT OUT OUT OUT

LOGICAL1=IN
LOGICALO=0UT

Figure 6 Selecting AXV11-C Device Address

Selecting AXV11-C Interrupt Vector Address

The AXV11-C is capable of generating two interrupt vectors to the LSI-
11 processor. These interrupts, if enabled, occur when the A/D DONE
bit or the ERROR bit is set in the CSR. The base interrupt vector ad-
dress is assigned to A/D DONE. (The ERROR interrupt automatically is
assigned the base interrupt vector address +4.)

The base interrupt vector address can be set within the range of 0 to
770s, in increments of 10s. It is usually set to 400: by jumpers V3
through V8, as shown in Figure 7. (See jumper groups A and V in Fig-
ure 5.)

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

[ofofofofo ool 1 [ofofofofofofo]o]
SanoAo vecTor HEEE

(400! TP P77
V8 V7 V6 V5 V4 V3
IN OUT OUT OUT OUT OUT

Figure 7 Selecting AXV11-C Interrupt Vector Address

Selecting AXV11-C Analog Input Range, Type, and Polarity
The AXV11-C allows software control over the full-scale range selec-
tion. The effective ranges provided by the programmable gain are as

follows.
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Effective Input Range

Gain Unipolar Bipolar
1 OVto +10V +10V
2 OVto +5V +5V
4 OVto +25V +25V
8 OVtox+1.25V +125V

Table 5 shows the jumpers that must be installed to set up the analog
input type. The board comes from the factory set for 16-channel sin-
gle-ended, bipolar inputs. Refer to jumper group P in Figure 5.

Table5 Selecting AXV11-C Analog Input Type

Input Type Install Jumpers
Single-Ended Inputs* P1to P2; P8 to P9
Differential Inputs P2 to P3; P4 to P5

* Factory configuration

NOTE
Jumpers P6 to P7 are factory installed for the pro-
grammable gain feature and should be left in.

Selecting AXV11-C A/D Output Data Notation

The AXV11-C allows the user to select the data notation to be used for
the A/D output, as either binary, offset binary, or 2’s complement nota-
tion. Table 6 shows the jumpers that must be installed to select the
data notation. Refer to jumper groups D and E near the handle of the
board, shown in Figure 5.

Selecting Source of External Trigger

The A/D conversions within the AXV11-C can be started in one of the

following three ways.

1. Under program control using the A/D START bit in the CSR.

2. By arealtime clock input at J1 pin 21 or at pin RTC IN.

3. By an external trigger, either at J1 pin 19 or at the BEVNT line on
the LSI-11 bus.

The user can select the source of external trigger using two jumpers

on the board. (See jumper group F in Figure 5.) Table 7 shows the

jumpers to install to select the source of the external trigger.
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Table 6 Selecting A/D Output Data Notation

Jumpers
A/D Output Output Code
Data Notation 1D 4D 5D 6D 5E 6E Input Voltage  (Octal)
Binary IN OUT OUT IN OuUT IN + full scale 007777
oV 000000
Offset binary* OUT IN OuUT IN OuUT IN + full scale 007777
ov 004000
— full scale 000000
2’s OUT IN IN OUT IN OUT  + full scale 003777
Complement ov 000000
— full scale 174000

* Factory configuration

Table 7 Selecting AXV11-C External Trigger

Jumpers
External Trigger F1 F2
Source
BEVNT line (LSI-11 IN ouT
bus)
EXTTRIGIN (J1pin  OUT IN
19)

Selecting AXV11-C D/A Configuration

The user can select the input data notation and the output voltage
range for the two D/A converters on the AXV11-C. DAC A and DAC B
can be configured for different polarities; however, the input data no-
tation selected and the output polarity selected must be the same for
each DAC. Refer to Table 8 to set up DAC A; refer to Table 9 to set up
DAC B. Jumper groups A, B, and D for the DACs are found below the A/

D converter module, shown in Figure 5.
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Table 8 Selecting DAC A Jumper Configuration

D/A Input Data Notation

Range and
Polarity Binary Offset Binary  2’s Compiement
+10V N/A 3A to 5A* 3Ato5A
D1to D3 D to D2
Oto +10V 1A to 2A N/A N/A

D1 to D3

*Factory configuration

Table 9 Selecting DAC B Jumper Configuration

D/A Input Data Notation

Range and
Polarity Binary Offset Binary  2’s Complement
+10V N/A 1B to 5B* 1B to 5B
D1 to D3 D to D2
Oto +10V 2Bto 3B N/A N/A

D1 to D3

* Factory configuration

INTERFACING TO THE AXV11-C

Figure 5 shows the location of the 1/O connector J1 on the AXV11-C.
Analog input signals enter the board through this connector, and DAC
output signals leave through this connector. Up to 16 single-ended an-
alog inputs can be connected to J1(CH 0-CH 15), or up to 8 differential
analog inputs can be connected to J1 using CH 0-CH 7 and RETURN 0-
7. A real-time clock input and an external trigger can also be connect-
ed to J1. Under program control, these two inputs can be enabled to
start an A/D conversion.

RTC IN has a separate pin, found near the printed circuit board han-
dle, for easy installation of a wire jumper from a clock board, such as
the KWV11-C CLK OVFL tab.
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BA11-M EXPANSION BOX
INTRODUCTION

The BA11-M expansion box provides a convenient means for expand-
ing LSI-11 bus systems. Each box includes an H9270 LSI-11 bus-struc-
tured backplane and an H780 powersupply system mounted in an en-
closure with a blank front panel.

The BA11-M is shown in Figure 1. Mechanical and mounting details
are shown in Figures 2 and 3.

FEATURES

e Provides power and cooling for LSI-11 Bus options

e Accepts quad-or-double height modules

e Eight double-height (four quad) LSI-11 Bus slots available for op-
tions

e LSI-11 Bus power sequencing signals provided by the powersup-
ply

e LSI-11 Bus line frequency clock signal provided by powersupply

e LSI-11 Bus backplane compatible with LSI-11, LSI-11/2, LSI-11/23,
and SBC-11/21 processors, memories, and interface modules

e Rack-mountable in standard RETMA 19 inch-wide-rack .

e UL listed; CSA certified

SPECIFICATIONS
Dimensions (including bezel)

Width 48.3cm (19in)
Height 89cm (3.5in)
Depth
Without mounting brackets 34.3cm (13.5in)
» With mounting brackets 38.1cm (15.0in)
Shipping Weight 18.1 kg (40 Ib)
Operating temperature* 5°1t060° C (41° to 140° F)
Operating humidity 10% to 95% with a maximum

wet-bulb temperature of 32° C
(90° F) and a minimum dew point
of 2° C (36° F)
The maximum allowable operating temperature is based on operation at sea
level, i.e., at 760 mmHg (29.92 inHg); maximum allowable operating temper-
ature will be reduced by a factor of 1.8° C/1000 m (1.0° F/1000 ft) for
operation at higher altitude sites.
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AC input power 100-127 Vrms, 50 +1 Hz or 60 +1
Hz, 400 W maximum, or
200-254 Vrms, 50 =1 Hz or 60 +1
Hz, 400 W maximum

DC output power +5Vdc +£3%, 0-18 A load (static
and dynamic)
+12 Vdc +£3%, 0-3.5 A load (stat-
ic and dynamic)
Maximum output power: 120 W

(total)
Recommended circuit breaker 15 Aand 115 Vac or at 230 Vac
rating
CONFIGURATION

The BA11-M is a rack-mounted enclosure that provides power and
cooling for eight double (four quad) LSI-11 Bus module slots. It ac-
cepts either double-or-quad-size modules. Modules are accessible
from the front of the box. A cable area is provided for routing 1/0
cables from the modules to the rear of the box where a cable clamp
allows cables to be strain-relieved before leaving the box. An ac ON/
OFF switch and linecord are located at the rear of the box. Two of the
eight slots for double-size modules are normally used for cabling and
termination, which leaves six bus slots available for options. Note
that multiboard options that require the special backplane intercon-
nection on connections card D (i.e., RLV11) are not accommodated by
this expansion box. The BA11-M is available in two line voltage varia-
tions: 115V and 230V. Each version accommodates either 60 Hz or 50
Hz line frequency.

When installing an expansion box to expand from a single to a dual
backplane system, the BCV1B bus expansion option and TEV11 bus
terminator option (or equivalent) must be used. Install the BCV1B mo-
dules and cables as shown in Figure 4. The terminator must be in-
stalled in the option location in the last box. When installing the
BCV1B cable set, disregard any “This side up” labels that may be on
the BCO5L cables. Ensure that the red line on each cable is toward
the center of both modules and that J1 on each board is connected to
J1on the second board, and similarly, J2 on both boards. Ensure that
the cables have no twists. Carefully fold excess cable as shown in
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Figure 4. Figure 5 illustrates proper installation of the BCV1B and
TEV11 options.

When expanding from a second to a third backplane, the BCV1A bus
expansion option is required, in addition to the items required for
expansion to the second backplane.

NOTE
BCV1A and BCV1B cables must differ in length by
121.92 cm (4 ft) (minimum).

The completed installation for a three-backplane system using the
BCV1A option is shown in Figure 5. In addition to this option, the
BCV1B option is required to connect the first backplane to the sec-
ond backplane; a 120 bus termination is required in the last optionslot
in the third backplane.

Figure 1 BA11-M Expansion Box
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Figure2 BA11-M Assembly Unit

91



BA11-M
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Figure 3 BA11-M Cabinet Mounting
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CPU
1-B0OX 2 1
SYSTEM 3 . 11/03
6
t CPU
2 ! 11/03
3 4
280 ) 5
SYSTEM BCV18-06
3 BA11-ME, MF
EXPANDER BOX
8 7 (TERMINATOR
10 REQUIRED
= o TEV1Y,
. REV11-A, OR BDV11-AA)
1 CPU
2 1
11/03
3 4
5
BCV1B-06
5 N
380X 4 8 7
SYSTEM 3 0 BA11-ME, MF
— I EXPANDER BOXES
; (TERMINATOR
[Bcvia-1o REQUIRED
— 12 TEV1Y,
REV11-A, OR BDV11-AA)
14 13
15 16
L e 17 )
NOTES

1. INCLUDED IN BCV1B BUS EXPANSION OPTION. (CABLES ARE AVAILABLE IN 2, 4, 6,0R
12 FT LENGTHS.) ‘
2. INCLUDED IN BCV1A BUS EXPANSION OPTION. (CABLES ARE AVAILABLE IN 2, 4,6, 0R
12 FT LENGTHS.)
3. INCLUDED INTEV11BUS TERMINATOR OPTION.
4. THE LSI-11 BUS IN RESTRICTED TO 15 OPTIONS, MAXIMUM. THESE OPTION SLOTS WOULD
ONLY BE USED WHEN PREVIOUS OPTION(S) OCCUPY MORE THAN 1 OPTION LOCATION.
5. BCV1A AND BCV1B EXPANSION CABLES MUST DIFFER IN LENGTH BY 4 FT (MIN).

MA-2000

Figure5 BCV1A Installation
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BA11-N MOUNTING BOX

INTRODUCTION

The BA11-N mounting box is designed to be used as a mounting box
or as an expander box for an LSI-11-bus-based system. Each mount-
ing box (Figure 1) includes an H9273 backplane assembly, an H786
power supply, and an H403-A ac input panel mounted in an enclosure
with a blank front panel (BA11-NE, NF) or bezel assembly (PDP-11/03-
LC, LD).

FEATURES
o Nine slots for double-or-quad-size modules

e Powerful and reliable 240-watt switching powersupply, which is
both voltage- and frequency-independent

e Module cooling

e Designed to meet small-system applications

e Modular design for ease of servicing

e | SI-11 bus power-sequencing signals provided by power supply

e Line frequency signal provided by powersupply

e Unique backplane interconnection for custom multiboard options

e LSI-11 bus backplane-compatible with LSI-11, LSI-11/2 and LSI-11/
23 processors, memories, and interface modules

o Rack-mountable in standard RETMA 19-inch-wide rack

e UL listed, CSA certified and complies with VDE and IEC require-
ments

SPECIFICATIONS
Tables 1 and 2 show BA11-NE and BA11-NF mounting box specifica-
tions, including the H786 powersupply.

Dimensions (including bezel)

Width 48.3¢cm (19in)
Height 13.2cm (5.19in)
Depth
Without mounting brackets 57.8cm (22.7 in)
With mounting brackets 67.96 cm (26.75in)
Weight (without modules) 20 kg (44 Ib)
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Operating temperature* 5° 10 60° C (41° to 140° F)

Operating humidity 10% to 95%, with a maximum
wet-bulb temperature of 32° C
(90° F) and a minimum dew point
of 2° C (36° F)

Input voltage

BA11-NE 115 Vac
BA11-NF 230 Vac
Input current**
BA11-NE 12 A max
BA11-NF 6 A max
Circuit breaker rating 15 A at 115 Vac or 230 Vac

* The maximum allowable operating temperature is based on operation at sea
level, i.e., at 760 mmHg (29.92 inHg); maximum allowable operating temper-
ature will be reduced by a factor of 1.8° C/1000 m (1.0° F/1000 ft) for
operation at higher altitude sites.

** Input current consists of that used by the BA11-N, itself, plus whatever cur-
rent is supplied. via the convenience ac outlet (J3) to an expander box; the
total current must be less than the maximum specified. '

DESCRIPTION

The H9273 backplane assembly consists of a backplane, a card frame
assembly, and two cooling fans. The H9273 9-slot backplane
assembly will accept nine LSI-11 bus double-height or quad-height
modules (except for MMV11-A 4K X 16 core memory modules). The
PDP-11/03-LC and the BA11-NE operate on 115 V and the PDP-
11/03-LD and the BA11-NF operate on 230 V. Mechanical and mount-
ing details are shown in Figure 2. ' ‘

96




BA11-N

H403.A FANS H786 POWER SUPPLY BEZEL ASSEMBLY
ACBI?;:UT PRINTED CIRCUIT BOARD

CARD FRAME ASSEMBLY H9273 BACKPLANE

Figure 1 BA11-N Major Assemblies

578cm

448cm (22 710}
(17 621n)

NPUT
- ACI [
132cm PANEL |

(5191n) 8
AR AIR g
3
13.2cm BACKPLANE @
(5 18in) ASSEMBLY 3
38cm b <

(1sm T |m 48.3 cm

(19in

Figure2 BA11-NE and BA11-NF Assembly Unit
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The ac input box, powersupply, and H9273 logic assembly are at-
tached to the logic-box base. The powersupply assembly is hinged to
the base and can be swung open to expose the internal components;
with little effort, the entire assembly can be removed from the base
and replaced. LSI-11 bus modules are inserted in the backplane from
the rear of the box through an access door that is equipped with
strain reliefs for LSI-11 bus and communications cables.

When the unit is to be mounted in an equipment rack, the logic-box
cover is attached to the rack with mounting hardware. The logic-box
base slides into the mounted cover and a spring-button assembly en-
gages to prevent the base from being accidentally pulled out of the
cover.

Table 1

Item Specification

Current rating 5,5Aat115Vrms
2.7 Aat230Vrms

Inrush current 100 A peak, for Y2 cycle at 128
Vrms or 256 Vrms

Apparent power 630 VA

Power factor The ratio of input power to appar-
ent power shall be greater than
0.6 at full load and low input volt-
age

Output power +5Vdc £250mV at22 A

(A minimum of 2 A of 45 Vdc
power must be drawn to ensure
that the +12 Vdc supply regu-
lates properly)

+12Vdc £600mVat 11 A

Power-up/power-down characteristics
Static performance

Power-up BDCOK H goes high; 75 Vac
BPOK H goes high; 90 Vac
Power-down BPOK H goes low; 80 Vac

BDCOK H goes low; 75 Vac
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Table1 BA11-N Power Supply Specifications (Cont)

Item

‘Specification

Dynamic performance
Power-up 3 msec (min) from dc power with-

in specification or to BDCOK H
asserted

70 msec (min) from BDCOK H as-
serted to BPOK H asserted

Power-down 4 msec (min) from ac power off to

BPOK H negated

4 msec (min) from BPOK H ne-
gated to BDCOK H negated

5 usec (min) from BDCOK H ne-
gated to dc power as of specifica-
tions

CONFIGURATION

The

procedure for mounting the BA11-N mounting box in an

equipment rack is presented below.

Installing the Logic Box Cover — The logic-box cover is mounted in
the equipment rack as shown in Figure 3.

1.

When the unit is shipped, the logic-box cover is held to the base
by four screws (these are used only in non-rack-mounted applica-
tions) and a single shipping screw, which, for safety, must be in
place whenever the unit is moved or shipped. First, remove the
four screws that attach the cover to the base. Then open the rear
door and remove the shipping screw.

A safety locking device is found on the right side of the unit
(when looking at the front). This device, a spring-button assem-
bly, is attached to the side of the ac input box. When the unit is
closed, the button on this assembly fits into the rear hole of two
holes in the right side of the cover. This mechanical interlock can
be overridden by pushing the button in from the outside of the
cover while, at the same time, pulling the logic-box base to get
the button past the hole. The base can then be pulled out of the
cover to its extended position; at this position, the button pops
into the front of the two holes, preventing the base from being
inadvertently pulled entirely out of the cover. Open the base to
the extended position and then release the button from the front
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hole. Slowly pull the base entirely out of the cover and set the
base out of the way.

Attach the Tinnerman nuts to the cabinet uprights in eight plac-
es.

Mount the cover to the front cabinet uprights using four pan-
head screws (10-32 x 0.62 lg) and four No. 8 lockwashers.
Attach the two support brackets to the cover using four Phillips
pan-head screws (8.32 x 0.38 |g) and four No. 8 lockwashers.

Attach the support brackets to the rear cabinet uprights using four
Phillips pan head screws (10-32 X 0.62 Ig) and four No. 10 flat
washers.

Slide the unit into the cover. It will be held in place by the spring-
button assembly. To slide the unit forward again it will be neces-
sary to release this spring button.

If the system is to be moved or shipped, the shipping screw must

be replaced. /1 CAB. UPRIGHTS
REF
I

V2 29(QTY 8) REF

63.6CM
(25.00 IN.) REF

12(QTY2)

v
i
1L

~.
~
46.5CM ®’
S

(18.31IN.) REF @f/

3.73¢cm

& (1.47 1)

13.18CM
(5.19 IN)

50 8) REF
:"> latye)

571 CM
(2.25IN.)

Figure3 BA11-NE and BA11-NF Cover Mounting Dimensions
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Installing the Logic-Box Base in the Cover — Set the rear of the logic-
box base on the support flanges of the cover and slide the base in
until the spring-button assembly engages in the extended position.
Take care not to pinch the cables while sliding in the base. Release
the spring-button and push the base all the way in until it engages in
the closed position. Take the following steps to complete the installa-
tion.
NOTE

The base being installed is either the main base,

i.e., the one containing the CPU, or an expander

base (two expander boxes can be added). Modify

the following instructions to suit the kind of base

you are installing, e.g., if there is a blank front panel,

skip the first half of step 1.

1. Put the AUX switch in the front panel in the OFF position; put
the ON/OFF switch on the ac input box in the OFF position.

2. When the AUX switch on the front panel is in the ON position,
the two wires of the powercontroller cable are common. Connect
the free end of the cable to the input circuit of the powercontroll-
er so that the AUX switch controls the application of primary
power to the controller. Keep the AUX switch in the OFF position.

3. Loosen the cable strain reliefs and open the rear door of the box
to install the LSI-11 bus expansion cable assemblies. Two cable
assemblies are used. Table 2 describes the assemblies and tells
where to insert the assembly modules. (Figure 4 illustrates mod-
ule placement.) When inserting the modules, make sure the con-
nectors are on top.

4. Close the rear door; bring the bus cables out under the left
strain relief and the communcations cables out under the right
strain relief. Adjust the strain reliefs so that the cables are held
firmly, but are not pinched or crushed. Secure the strain reliefs
and the rear door. Make sure the cables will not bind when the
base is pulled out to the extended position.
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Table2 LSI-11 Bus Expansion Cable Assemblies

Assembly

Assembly
Composition

Insert Modules In

BCV1B-XX

BCV1A-XX

Two BCO5L-XX
cables

One M9400-YE mod-
ule

One M9401 module
Two BCO5L-XX

cables

One M9400-YD
module

One M9401 module

NOTE

Slots A and B of the
first open row after all
other LSI-11 bus op-
tions have been
installed in the main
box.

Slots A and B of row 1
of expander box 1

Slots A and B of the
first open row after all
other LSI-11 bus op-
tions have been in-
stalled in expander
box 1

Slots A and B of row 1
of expander box 2

«.X” in the cable assembly number denotes length,
which can be 60.96, 121.92, 182.88, or 304.80 cm (2,
4, 6, or 10 ft). (Each cable of an assembly is the
same length.) When both assemblies are used in a
system (boxes), the lengths must differ by 121.92
cm (4 ft). To facilitate servicing, the BCV1B cables
should be 182.88 cm (6 ft) in length, while the
BCV1A cables should be 304.80 cm (10 ft) in length.
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BA11-S EXPANSION BOX

INTRODUCTION
The BA11-S is both a mounting box and an expander box designed for

BA11-S

use with the PDP-11/23-PILUS computer system and LSI-11/23 mo-

dules. Each BA11-S box comes with an H9276 logic assembly, two ‘
cooling fans (a 70 cfm fan to cool the logic boards and a 100 cfm fan

cools the power supply), and an H403-B AC input box. A layout of

these components in the BA11-S box is illustrated in Figure 1.

The BA11-S mounting box is available for both 120 V and 240 V sys-
tems, and a choice of two front panel models can be selected. Listed
below are the six models:

Model

BA11-SA
BA11-SB
BA11-SC
BA11-SD
BA11-SE

BA11-SF

FEATURES

Primary Power/Front Panel
120 V/Control Panel

240 V/Control Panel

120 V/Blank Panel

240 V/Blank Panel

120 V/No Cable or Expansion Modules/Blank
Bezel

240 V/No Cable or Expansion Modules/Blank
Bezel

e 9 slots for double-and quad-height LSI-11 modules
e Provides power and cooling for LSI-11 bus modules
e Modular design for easy servicing

SPECIFICATIONS

Dimensions (including bezel)

Width
Height
Depth

48.3cm (19in)
13.2cm (5.19in)

Without mounting brackets ~ 57.8 cm (22.75 in)

Operating temperature* 5910 60° C (41° to 140° F)
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Operating humidity 10% 10.95%, with a maximum
wet bulb temperature of 32° C
(90° F) and a minimum dew point
of 2° C (36° F)

Input voltage

BA11-SA, SC, SE 120 Vac
BA11-SB, SD, SF 240 Vac
Input current
BA11-SA, SC, SE 6 A max
BA11-SB, SD, SF 3 A max
Output Voltage +5Vat2Ato36A
+12Vat0.0Ato5A

* The maximum allowable operating temperature is based on operation at
sea level, i.e., at 760 mmHg (29.92 inHg); maximum allowable operating tem-
perature will be reduced by a factor of 1.8° C/100 m (1.0° F/100 ft) for opera-
tion at higher altitude sites.

H403-B FANS H7861 POWER SUPPLY BEZEL ASSEMBLY
AC INPUT PRINTED CIRCUIT BOARD
BOX

(70 CFMm)

W
\

CARD FRAME ASSEMBLY H9276 BACKPLANE

MR-6554

Figure 1 BA11-S Major Assemblies
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When the equipment is being operated at the maximum allowable

temperature, air flow must maintain air temperature rise to a maxi-

mum of 7°C (12.6° F)

DESCRIPTION
Figure 2 illustrates the BA11-S with its logic box cover removed. The

ac input box, power supply, and the H9276-B logic assembly (which
includes the fans and the backplanes) are attached to the logic box
base. The bezel is attached to the power supply. The power supply
assembly is hinged to the base and can be swung open to expose the
internal components. The complete assembly can be easily removed

H9276B LOGIC ASSEMBLY
(INCLUDES CARD FRAME, BACKPLANE, AND FANS)

FRONT BEZEL

Figure 2 BA11-S Logic Box with Cover Removed
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from the base and replaced. Extended LSI-11 bus modules are insert-
ed in the backplane from the rear of the box through the rear access
door.

When the unit is mounted in an equipment rack, the logic box cover is
attached to the rack with mounting hardware. The logic box base
slides into the rack-mounted cover. A restraint cable is attached be-
tween the H403-B ac input box and the rack frame to prevent the base
from being pulled completely out of the cover by mistake.

AC Input Box (H403-B)

Power is provided to the H403-B box from the ac mains by either a 120
V line cord or a 240 V line cord. The box includes an ac input connec-
tor, a circuit breaker, a line filter, and a switch that makes the correct
connections to the fans and the power supply for both the 120 VAC
and 240 VAC line voltages. The output of the box is taken to the fans
and the power supply by an AC power harness. Connectors P1 and P4
(see Figure 3) of the harness are Mate-N-Lok connectors (12-pin and 9-
pin, respectively), while P2 and P3 are molded AC plugs that break out
of the harness to plug into terminals on the fans. ‘

H7861 Power Supply

The H7861 power supply is attached to the logic assembly with two
screws and held to the logic base by two hinge assemblies. When the
two screws are removed from the logic assembly, the complete power
supply assembly can be tipped open on the hinges, allowing access
to the printed circuit boards mounted within. The assembly can be
easily removed by first removing the screws, unlatching the hinges,
and disconnecting a maximum of four cables (three, if a blank front
panel is used).

Three printed circuit boards contain all the power supply compo-
nents. The control board and the power monitor board are inserted in
connectors that are mounted on the master board. The regulated dc
voltages generated on the master board are sent to the H9276 back-
plane by a dc harness that connects on both ends to screw terminals.
The signals generated on the control board are applied to the back-
plane and to the front panel by two different signal cable assemblies.

H9276 Backplane

The H9276 is a 9 X 4 (nine slots of four rows each) backplane in which
both double and quad modules can be inserted. Rows A and B of
each slot supply the extended LSI-11 bus signals, and these signals,
in turn, are bused to each of the nine slots. The pins of the C and D
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rows are not bused; however, the pins of the adjacent slots are con-
nected. This not only precludes the necessity of top connectors, but
also provides the means for designing buses whose lengths are
determined by the number of modules in a set. The C and D rows of
the backplane are referred to collectively as the CD bus. More infor-
mation on the H9276 backplane is detailed in the H9276 section
which follows in this handbook.

BA11-S Expander Box

The BA11-S expander box for LSI-11 bus systems is physically identi-
cal to the BA11-S main box, with the exception of the front panel (usu-
ally only one box has a functional front panel). BA11-SE and BA11-SF
expander boxes are identical to the BA11-S main box, except for the
blank bezel. BA11-SE and BA11-SF boxes are identical to the BA11-SC
and the BA11-SD, except that they have 9404 and 9405 modules and
BC02D cables.

The BA11-S box with the H9276 backplane functionally differs only
slightly from the BA11-N box (with H9275 backplane). The BA11-S box
has four more address lines than the BA11-N box; these lines are
needed for 22-bit operation.

INSTALLATION
The procedure for mounting the BA11-S mounting box in an equip-
ment rack is described below.

Installing the Logic Box Cover

The logic box cover is mounted in the equipment rack as depicted in
Figure 4. This illustration also shows the mounting dimensions and
the cover mounted to the four cabinet uprights.

1.  When the unit is shipped, the logic box cover is held to the base

by four screws (these are used only in non-rack-mounted applica-
tions), and a single shipping screw, which, for safety, must be in
place whenever the unit is moved or shipped. First, remove the
four screws that attach the cover to the base; then open the rear
door and remove the restraining screw.

2. Attach the Tinnerman nuts to the cabinet uprights in eight plac-

es.

3. Mount the cover to the front cabinet uprights using four 10-32

screws and four No. 10 flat washers.
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CAB UPRIGHTS
REF
63.5 CM

(25,00 IN) REF

MOUNTING BRACKETS(2)

-

46.5 CM
(18.31 IN) REF \ (3i7f7(:“£)
13.18 CM
“NOTE: (6.19 IN)

ALL HARDWARE FURNISHED
WITH 11/23B/BA11S
MOUNTING BOX. (2.25 IN)

Figure 4 BA11-S Cover Mounting Dimensions

Attach the two mounting brackets to the cover using four 8-32
Phillips screws.

Attach the support brackets to the rear cabinet uprights using
four Phillips 10-32 Phillips screws and four No. 10 flat washers.
Slide the unit into the cover. In the rear of the unit, attach a re-

straining cable to the stud on the H403-B ac input box with a No.
8 nut. Anchor the other end of the restraining cable the chassis or

patch panel.

If the system is to be moved or shipped, the shipping screw
must be replaced.
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A safety restraining cable is located on the right rear side of the
unit (when viewing from the front). This cable (DEC Part No. 12-
15700-06), when attached to the rear of the AC input box, keeps
the logic box base from being overextended. When the system
unit is in the closed position, the restraining cable loops around
at the rear of the unit inside the cover. When the base is pulled
out from the cover to its extended position, the 44 cm (17-1/2-
inch) restraining cable holds the box, preventing the base from
accidentally being pulled completely out of the cover.

To pull the base completely out of the cover, remove the nut on
the H403-B ac input box stud, and then remove the restraining
cable. Slide the base forward and set the base out of the way.

Installing the Logic Box Base in the Cover — Set the rear of the
logic box base on the support flanges of the cover and slide the
base in until it is in the closed position. Take care not to pinch
the cables while sliding the base in.
NOTE

A stud extending from the H403-B ac input box is

used to anchor a restraining cable (DEC Part No. 12-

15700-06) to the patch panel, thereby preventing the

logic box base from accidentally being pulled com-

pletely away from the cover assembly.

Perform the following steps to complete the installation

1.

NOTE
The box being installed is either the main box, i.e.,
the one holding the CPU, or an expander base. Mod-
ify the following instructions to satisfy the type of
box that is being installed; e.g., if there is a blank
front panel, skip the first half of step 1.

Put the AUX switch in the front panel in the OFF position; put
the ON/OFF switch on the ac input box in the OFF position.

When the AUX switch on the front panel is in the ON position,
the two wires of the power controller cable are common. Connect
the loose end of the cable to the input circuit of the power con-
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troller so that the AUX switch controls the application of primary
power to the controller. Keep the AUX switch in the OFF position.

3. Toinstall the expanded LSI-11 bus expansion cable assemblies,
open and remove the rear access door by turning the two quarter-
turn screws in the lower corners of the door, then swing the door
out and up to unhook it. Then put it aside. The BC02D cable and
module configurations are listed in Table 1. When inserting the
modules, make sure the connectors are on top.

4. After installing the correct module and cable, let-the cable ex-
tend out of the rear opening, and replace the access door in the
reverse of the way it was removed. Loosen the two Phillips
screws on the correct cable strain relief to allow enough space
for the cable to exit without binding when the box is extended.
After installing the cables, retighten the two screws.

Table1 Extended LSI-11 Bus Expansion Cable Assemblies

Assembly Assembly Insert Modules In
Arrangement

BC02D Two BC02D-03
cables
One M9404-00 mod-  Rows A and B of
ule the first open slot

after all other ex-
tended LSI-11 bus
options have been
installed in the

main box.
One M9405-YA mod-. Rows A and B of
ule slot 1 of expander
box 1
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BA11-VA MOUNTING CHASSIS/POWER SUPPLY

INTRODUCTION

The BA11-VA is a small form-factor package providing mounting

space and power for four LSI-11/2 or LSI-11/23 family modules. This

package, plus the high functionality of DIGITAL'S microcomputer

products, allows LSI-11 microcomputer applications to be implement-

ed within a space smaller than that required for many eight-bit sys-

tems.

FEATURES

e Four slots for double 5.2 in x 8.9 in-(13.2cm X 22.8cm) high mo-
dules.

© LSI-11 bus backplane compatible with the LSI-11/2, LSI-11/23, and
SBC-11/21 processors, memories, and interface modules.

e Power and cooling for modules.

e ac power indicator.

e Mounting hardware for tabletop or fixed-position usage.

e Off/On switch located at the rear of the unit.

" e External connection to let users add a remote restart switch.

e UL listed, CSA certified, and complies with VDE and IEC require-
ments.

SPECIFICATIONS

Mechanical
Capacity 4 dual LSI-11 bus modules
Size 11.7in x 13.38in x 3.62in
(29.71cm x 33.98cm x 9.19cm)
Weight 10 1b (4.5kg)
Mounting 4 rubber feet for table-top use

and 4 metal brackets for fixed-
position mounting (installed by

user)
Environmental
Operating ~ 60°C (41°F) to 5°C (140°F)
Temperature
Relative 10% t0-95% (non-condensing)
Humidity ‘
Power ‘
Output 5.6 ampsat + 5V max
1.6 amps at + 12V max
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Input 115Vac-50/60Hz or + 230V-50/
Voltage 60Hz (selectable by user)
Current 3.0 amps at 115V (maximum)
1.5 amps at 230V (maximum)
Power cord 6 ft 3 in (1.9m) for 115 Vac to be

used with a NEMA 5-15P wall
socket. User supplies cord for
other power requirements.

External Connectors
Optional Plug type (user-supplied) for use
Poweroutlet with the power outlet: 3-pin
AMP™ plug—Part #1-480700-0
AMP contact pins—Part

#350547-3
Remote Plug type (user-supplied) for use
Restart with the remote-restart outlet: 2-

pin AMP plug—Part #1-480698-0.
AMP contact pins—Part

#350547-3
Model BA11-VA—LSI-11 Bus mounting
Number chassis and powersupply

DESCRIPTION

The BA11-VA is designed as a low-cost mounting enclosure for a wide
range of mounting configurations. Two types of mounting hardware
let the BA11-VA be used as a tabletop unit or be attached to a flat
surface in any plane.

The BA11-VA does not generate a signal for use as a line-time clock in
the processor module. If this function is required, the MXV11 multi-
function module, which includes a 60Hz clock, should be used. If
powerfail capability is needed, external hardware is required.

For applications where the mounting of the BA11-VA prevents easy
user access to the chassis, the capability is provided for adding an
external restart switch. A simple, single-pole/single-throw switch can
be located up to ten feet from the box and connected using a stan-
dard connector. Momentary closure of this switch causes the proces-
sor to go to the user-selected powerup mode for the system.

The powersupply has more capacity than normally used by the four
LSI-11 bus modules that can be mounted in the chassis. Therefore, a
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connector is supplied to let this power be used for other electronic
equipment located in the same area as the computer.

The BA11-VA powersupply can be configured through selector
switches to operate throughout the world. The product is UL-listed,
CSA- certified, and complies with VDE and IEC requirements.

AIR FLOW
EXHAUST /\ -
R 11.70" /\ 13.38

2972¢CM
\\/

OPTIONAL POWER
OUTLET

RESTART OUTLET

FUSE AIR FLOW
INTAKE
CABLE GND
*ADD 447 1.12 CM. FOR caBLES .
RUBBER FEET ACCESS MODULE ACCESS
DOOR
ADD 31”.79 CM.TOR DEC
SUPPLIED FIXED MOUNTING
21ACKET

REAR VILW
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BDV11 DIAGNOSTIC, BOOTSTRAP, TERMINATOR

INTRODUCTION

The BDV11 module has 2K words of read-only memory (ROM) that
contains both diagnostic programs and bootstrap programs. These
programs are user-selectable by setting dip switches. The diagnostic
programs test the processor, the memory, and the user’s console. The
bootstrap programs are used to boot a number of LSI-11-compatible
peripherals. The module also contains 120-ohm bus terminator cir-
cuits.

Space is available on the module to allow the user to add up to 2K
words of erasable programmable ROM (EPROM) and up to 16K words
of ROM.
A HALT/ENABLE switch allows the user to start and stop the proces-
sor and a RESTART switch enables the user to reboot the system. The
module also has four programmable light-emitting diodes (LEDs) that
indicate a failure in a program and monitor the tests in progress. All
the switches and indicators are edge-mounted on the module for easy
access.
NOTE

There are two versions of the BDV11 module: revi-

sions 0 and A. The revision 0 module was produced

in limited quantities and does not incorporate all the

characteristics of revision A. The differences

between these modules are listed at the end of this

section.

FEATURES

e Programmed ROMs with bootstraps for RXV11, RXV21, RLV11, and
RKV11 disk options

e DECnet bootstraps for DLV11-E, DLV11-F, and DUV11 serial line
units

e Capable of booting a system automatically with no operator inter-
vention

e Can automatically load and start a 16K word program from
ROM/EPROM to RAM

e 12-bit readable configuration register

e 16-bit read/write maintenance register
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e Software-controllable line-time clock (LTC)
e Power OK monitor, green LED

e 4-bit LED programmable display

e RESTART and HALT switches

e 120-ohm bus terminator

SPECIFICATIONS

Identification M8012
Type Quad
Power +5Vdc +5% at1.6 A
+12Vdc +£3% at 0.07 A
Bus Loads
AC 2
DC 1
DESCRIPTION

The functions of the BDV11 are shown in Figure 1. The transceiver and
control functions control the transfer of data between the bus and the
BDV11. The ROM address function decodes the address data from the
bus and uses the socket selection and ROM address functions to ac-
cess the memory located on the BDV11. The ROM address function is
also used to transfer data into the data selection function. Then data
is placed on the LSI-11 bus by the control and transceiver functions.
The data for the read/write registers are also transferred in and out by
using the transceiver and control functions. The BDV11 uses power-
up, BVENT, and display functions for monitoring program operations.

Transceiver

The transceiver logic monitors the LSI-11 bus BDAL lings for the ad-
dress of a BDV11 register or the address of a ROM location. When a
register or a ROM has been addressed, the transceiver logic gates the
address onto the BDV11 DAL lines. If a register was addressed, the
transceiver logic generates the address match signal that activates the
control logic. If a ROM address was generated, then the DAL lines
transfer the address to the ROM address selection logic. The trans-
ceiver logic is also used to transfer data from the DAL lines to the LSI-
11 bus BDAL lines. When the transceiver receives XMIT H, the data
can be from either a register or ROM address.
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Control

The control logic consists of a DC004 protocol chip and an 82523
PROM. The control logic is enabled by the address match signal from
the transceiver logic. The PROM monitors some of the DAL lines and
the address match signal and generates an enable signal for the
DC004 chip whenever any of the assigned bus addresses (173000 to
173777) is placed on the BDAL lines. The DC004 chip generates all the
protocol signals used with the LSI-11 bus to allow data transfers. The
control logic also generates the control signals for the read/write reg-
ister's ROM address selection and the ROM socket selection logic.
The bus control signals are defined in the appropriate processor hand-
book.

Read/Write Registers

The read/write register logic consists of two 8-bit universal shift regis-
ters. When the registers are being read, the control logic asserts XMIT
H and the information on the DAL lines is the data within the shift
registers. When the registers are to be written into, the XMIT signal is
negated and the registers are placed into a load condition. The regis-
ters are clocked and the information on the DAL lines is loaded into
the registers as data. The registers are cleared when power is turned
on or when the system is booted.

ROM Address Selection

The ROM address selection logic uses the contents of the PCR regis-
ter and the LSI-11 bus address to determine the address of the BDV11
ROM locations. Each ROM has 2048,, addresses available. The logic
selects the high byte of the PCR register if bit 8 of the LSI-11 bus is one
and selects the low byte if bit 8 is a zero. The selected byte is shifted to
the right one bit and used as the high byte of the BDV11 address. The
low byte of the LSI-11 bus address is shifted one bit to the right and
used as the low byte of the BDV11 address. The complete BDV11
ROM address is formatted by using a combination of the high and low
bytes generated. Table 10 is a listing of how the PCR contents and the
LSI-11 bus addresses are used to generate ROM addresses.

Socket Selection

The socket (or ROM) selection logic (Figure 2) consists of two decod-
ers (E30 and E35) that provide the outputs used to select the high byte
and low byte sockets. The user can program A10 H and A14 H inputs
to these decoders by selecting jumper wires W1-W4 and W9-W12 to
determine the configuration designation described in Table 2. The
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SB1 L and SB2 L outputs are used to select the 4K of
diagnostic/bootstrap DIGITAL programs. The SE1 L and SE2 L out-
puts are used to select the 2K words of user PROM. The SP1Lto SP8
L outputs are used to select the additional 16K words of user ROM. ‘

+5V
Al4L
w3 G1 YOO——sP8 L
Al4 H ~O|G2A Y1 O——SP7 L |
we —OjG28 Y2[0——SP6 L |
745138 Y3[D——SP5 L |
E35
Y4[O——SP4 L
A1 H A YS§[O——SP3 L
A12 H B Y6[D——SP2 L
A10H iy c Y7l0——sP1 L
w2 i
A13 H
2G
w12
28 2Y0[——
2Y1 ——
2A 2v2 SET L
7418139 Hy3 SE2 L
E30
w 1Y0 SB1 L
—4{>O—‘ 1 1B 1Y1 SB2 L
1v2—o
1A 1Y3—o
we 1G
w10
745138 TRUTH TABLE
Gl1|G2|C |B|A OuT LOW
740S139 TRUTH TABLE (EACH HALF)
Lt YO (SP8 L)
G B A OuT LOW
L|L|H Y1(SP7 L)
L L YO(SB1 L)
L{H]|L Y2 (SP6 L)
L L H Y1(SB2 L)
HiL|L]|H|H Y3 (SP5 L)
H L Y2 (SE1L)
HlL|tL Y4 (SP4 L)
H H Y3 (SE2 L)
H|L|H Y5 (SP3 L)
HIiH]|L Y6 (SP2 L) |
H|H]|H Y7 (SP1L) |

MA-1349

Figure 2 Socket Selection Logic
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ROM Address

The ROM address logic uses the socket select logic outputs and ad-
dress lines AO to A10 to select the desired address. The diagnos-
tic/bootstrap ROMs are enabled by SB1 L and SB2 L and are ad-
dressed by AO to A10. The user EPROMSs are enabled by SE1 L and
SE2 L and are addressed by A0 to A9. The user ROM sockets are
enabled by SP1 L to SP8 L and addressed by A0 to A9. The output
data from the ROMs is sent to the data selector logic.

Data Selector

The data selector receives data from the ROMs and the registers of the
BDV11. This data is stored until the outputs are enabled by XMIT. The
data is then gated to the DALO-15 bus lines where it is transferred to
the LSI-11 bus by the transceiver and control logic.

Display ‘

The display logic consists of four flip-flops and four LEDs. The
contents of the display register (address 177524) are gated into the
flip-flops and the outputs light the display LED indicators. The pattern
of the display indicates to the user the type of program error when a
failure occurs.

Power-up

The power-up logic includes the ENABLE/HALT switch and the RE-
START switch. In normal operation, the ENABLE/HALT switch is in the
ENABLE position. When the switch is placed in the HALT position, the
bus signal BHALT L is asserted. The processor enters the halt mode
and responds to the console ODT commands. To resume processor
operation, the user must set the switch to ENABLE and enter a “P”
command from the console.

The RESTART switch must be cycled to reboot the system. When the
switch is cycled, a capacitor is charged to disable the bus BDCOK H
signal and DCNOK L is asserted to initialize the BDV11 registers.
When the capacitor discharges, the BDCOK H signal is enabled, the
processor carries out a power-up sequence, and normal operation is
resumed.

BVENT

The BVENT logic uses a switch located in E21 that lets the user control
the LTC function. When the switch is open, the bus BVENT L signal
can be controlied by the LTC signal generated in the LSI-11 bus power
supply. When the switch is closed, the BVENT L signal can be con-
trolled by the program.
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CONFIGURATION

The BDV11 is factory-configured in Table 2 by DIGITAL to let the user
expand the diagnostic and bootstrap programs by adding 2K words of
EPROM and 16K words of ROM/EPROM memory. The user can modify
the configuration for his own software requirements. Thirteen jumper
wires are located on the module as shown in Figure 3 and identified in
Table 1. Eight are used for selecting sockets, and five are used to ac-
commodate various types of memory chips. The switches used to se-
lect programs are listed in the Programming section below.

Socket Selection

The socket selection logic is controlled by jumpers W1-W4 and W9-
W12, which can be configured in seven different ways, as shown in
Table 2. Group A assigns the PCR pages and socket selections.
Groups B-G let the user choose where to begin program execution,
such as having the processor execute instructions directly from a sys-
tem ROM or EPROM when power is turned ON, rather than from the
diagnostic/bootstrap ROM.

Table1 Selectable Jumpers

Jumper Function

w1 Socket selection
w2 Socket selection
W3 Socket selection
w4 Socket selection
w5 Chip selection
W6 Chip selection
w7 Chip selection
ws8 Chip selection
w9 Socket selection
W10 Socket selection
W11 Socket selection
w12 Socket selection
W13 Chip selection
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NOTE
The parenthetical numbers in the socket columns in-
dicate the order for installing each ROM.

Memory Configuration

The user can change the configuration of the BDV11 memory struc-
ture by using socket selection jumpers W1-W4 and W9-W12; the stan-
dard configuration is in Table 2. This table also indicates the installa-
tion order for the PROM/ROM chips. The B, C, D, E, F, and G
configurations show as alternate ways the user can map the ROM
memory. Details about selecting a configuration using the socket se-
lection jumpers are shown below.

Configuration Socket Selection Jumpers*

Designation W1 W2 W3 W4 WS Wi0 Wi1 W12

A R | | R | R R |
B X X X X | R | R
C X X X X R | R |
D X X X X R | | R
E I R | R X X X X
F R | R | X X X X
G | R R | X X X X
* | = Installed, R = Removed, X = Irrelevant

Chip Selection
The system ROM sockets can be occupied by either 2K ROMs or 1K
ROMs. The ROM socket logic uses jumpers W5-W8 and W13 to select
the type of ROM that can be used on the BDV11. Table 3 shows
jumper configurations and the type of ROM or PROM used with these
configurations.

Control Registers

The BDV11 module has five hardware registers that are software-
addressable. These registers are assigned individual addresses that
cannot be changed or modified. The registers are described in the
following paragraphs; their designations and addresses are listed in
Table 4.
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Page Control Register (PCR) — This register is word- or byte-ad-
dressable and can be read or written. The PCR is a 16-bit register that
consists of two 8-bit bytes. The low byte consists of bits 0-7 and the
high byte consists of bits 8-15. When the low byte of the PCR is equal
to page 6, then bus addresses 173000-173777 accesses the 128 ROM
locations in the block 1400-1577. When a bus address falls in this
range, the logic considers only the low byte of the PCR. However, if the
bus address is in the range 173400-173777, only the high byte of the
PCR is used to select the ROM location.

Table 3 Chip Selection Jumpers

Jumpers Inserted’

ROM Type w5 w6 w7 ws w13

27082
27162
8316E*
8316E®

D~ VD

R
I
|
|

VT~
jnu s v e s B
— VT >

NOTES

1. | =Inserted; R = Removed.

2. CB2and DB2 must be supplied with external —5 V power.
3. Useonly +5 Vdc type components.

4. Chip select signals must be programmed as follows:

CS1 CS2 CS3
LOW LOW LOW

5. Chip select signals must be programmed as follows:
CS1 CS2 CS3
LOW LOW HIGH
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Table 4 Standard Assignments

' Read/
Register Write Size Address
Page Control R/W 16 bits 177520
Read/Write R/W 16 bits 177522
Configuration* R 12 bits 177524
Display* W 4 bits 177524
BEVNT* W 1 bit 177546

* Dual-purpose register.

Table 5 relates the PCR contents to the PCR page for pages 0-17. If the
PCR is loaded with data 000400, the PCR low byte contains data 000,
while the high byte contains data 001. The PCR bytes can be loaded
separately. To select ROM locations 1600-1777, for instance, one need
only load the PCR high byte with page 7; thus, the high byte contains
007, while the low byte can contain anything. Table 6 lists the PCR
contents for the remaining PCR pages.

Read/Write Register — This register is used as a maintenance regis-
ter for the diagnostic programs. The register is cleared when power is
turned on or when the RESTART switch is activated.

Configuration Register — This 12-bit read-only register is used to
select for execution diagnostics or bootstrap programs for mainte-
nance and system configuration. Bits 0-11 of the register are set by
switches E15-1 through E15-8 and E21-1 through E21-4. These
switches are associated with BDAL(0:11)L, when an individual switch
is closed (on), the corresponding BDAL signal is low (1).

Display Register — This 4-bit register is used for program control of
the diagnostic LED display. When bits 0-3 of the register are set, then
the corresponding LEDs are off. The register is cleared by turning
power ON or by activating the RESTART switch.
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Table5 PCR Contents/Page Relationship, Pages 0-17

PCR High Byte PCR Low Byte

PCR Page PCR Contents (Bits 15-8) (Bits 7-0)
0

1 000400 001 000
2

3 001402 003 002
4

5 002404 005 004
6

7 003406 007 006
10

11 004410 011 010
12

13 005412 013 012
14

15 006414 015 014
16

17 007416 017 016

Table 6 Pages 20-57, 200-377

Page Contents Page Contents

20,21 010420 260,261 130660
22,23 011422 262,263 131662
24,25 012424 264,265 132664
26,27 013426 266,267 133666
30,31 014430 270,271 134670
32,33 015432 272,273 135672
34,35 016434 274,275 136674
36,37 017436 276,277 137676
40,41 020440 300,301 140700
42,43 021442 302,303 141702
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Table6 Pages 20-57,200-377 (Cont)

Page Contents Page Contents
44,45 022444 304,305 142704
46,47 023446 306,307 143706
50,51 024450 310,311 144710
52,53 025452 312,313 145712
54,55 026454 314,315 146714
56,57 027456 316,317 147716
200,201 100600 320,321 150720
202,203 101602 322,323 151722
204,205 102604 324,325 152724
206,207 103606 326,327 153726
210,211 104610 330,331 154730
212,213 105612 332,333 155732
214,215 106614 334,335 156734
216,217 107616 336,337 157736
220,221 110620 340,341 160740
222,223 111622 342,343 161742
224,225 112624 344,345 162744
226,227 113626 346,347 163746
230,231 114630 350,351 164750
232,233 115632 352,353 165752
234,235 116634 354,355 166754
236,237 117636 356,357 167756
240,241 120640 360,361 170760
242,243 121642 362,363 171762
244,245 122644 364,365 172764
246,247 123646 366,367 173766
250,251 124650 370,371 174770
252,253 125652 372,373 175772
254,255 126654 374,375 176774
256,257 127656 376,377 177776

BEVNT Register — Setting bit 6 (100;) removes the clamp from
BEVNT, thus enabling the line-time clock. Under program control, the
user can clamp the BEVNT line low (thus stopping the line-time clock).
Opening the BEVNT switch disconnects this function. The register is
cleared (disabling the line-time clock) when the power is turned ON or
when the RESTART switch is activated.
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PROGRAMMING

The BDV11 contains dip switches that let the user select diagnostic
and bootstrap programs for execution. Four LEDs indicate when a
program fails. A green LED monitors the +12 Vdc and +5 Vdc and is
lit when power is ON. A HALT/ENABLE switch and a RESTART switch
let the user start and stop the processor. The switches and LEDs are
shown in Figure 4.

HALT «~ ENABLE

paz a1 [ [ s2
DD D :ﬁ:TB/LE RESTART DB |

TCH | D1 D2 D3 D6 D4 1
switch| [SWTCH

E21 E15 CONNECTOR A

(DIAGNOSTIC/BOOTSTRAP {DIAGNOSTIC/BOOTSTRAP
SWITCHES, BEVNT SWITCH) SWITCHES)

MA-1340

Figure 4 BDV11 Switches and Indicators

Diagnostic/Bootstrap Switches
Dip switch units E15 and E21 let the user select diagnostic programs
and/or a bootstrap program. Switches A1-A8 represent switches 1-8
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of E15, and switches B1-B4 represent switches 1-4 of E21. The pro-
grams selected by these switches are listed below. These 12 switches
make up the configuration register that can be read at address
177524,

Switches A1-A4 are defined as follows:

A1l ON Execute CPU test upon power-up or restart.

A2 ON Execute memory test upon power-up or restart.
A3 ON DECnet boot—A4, 5, 6, and 7 are arguments.
A4 ON Console test and dialogue (A3 OFF).

A4 OFF Turnkey boot dispatched by switch setting (A3 OFF).

DECnet boot arguments are:

Boot* A4 A5 A6 A7
DUV11 ON OFF OFF OFF
DLV11-E OFF ON OFF OFF
DLV11-F OFF ON OFF ON

All boots other than the DECnet boots above are controlled by the bit
patterns in switches A5 through A8 and B1 (shown in Table 7) or, if the
console test is selected, by mnemonic and unit number. The console
test prompts with

XX
START?

where xx is the decimal multiple of 1024 words of RAM found in the
system when sized from 0 up in 1024-word increments. The first word
of each 1024-word segment is read and then written back into itself.

Allowed responses are a 2-character mnemonic with a 1-digit octal
unit number or one of two special single-character mnemonics. The
response must be followed by a RETURN. The special single-charac-
ter mnemonics are:

Y Use switch settings to determine boot device
N Halt—enter microcode ODT

* DLV11-E CSR = 175610; DLV11-F CSR = 176500; DUV11 CSR = 160040 if
no devices from 160010 to 160036.

133



BDV11

Table 7 Diagnostic/Boostrap Switch Selection

Program

Selected'

A6 A7 A8 B1

A5

Mnemonic

Loop on test
RKV11 Boot

0

0

DKn; n<8

RLV11 Boot

0
1

0
0

DLn;n<4

RXV11 Boot

0

0

DXn; n<2

RXV21 Boot

0

0

DYn; n<2

ROM Boot?

0

On=1
Off

=0
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1. All unused patterns or mnemonics will default to ROM boot if
switch B2, B3, or B4 is on.

2. The ROM boot uses switches B2, B3, and B4 to dispatch as fol-

lows:

B2 B3 B4 ROM

1 X X Extended diagnostic
0 1 X 2708

0 0 1 Program ROM

where X = Irrevelant

If an unrecognized mnemonic or switch setting (A5 through B1) is
encountered, B2, B3, and B4 are checked for the presence of addi-
tional ROM. If present, the ROM boot is invoked. The mnemonic’s first
character is placed in the high byte location of 2. Both characters are
converted to uppercase with bit 7 cleared. Location 0 is loaded with
the binary unit number. If an unrecognized switch setting is encoun-
tered instead, a copy of the switches is placed in location 2 with bit 15
set.

If no additional ROM exists, the switch-checking routine will halt or the
mnemonic routine will reprompt.

The above features let the user implement additional features or boots
in additional ROMs without changing to the base ROMs. If the
additional ROM encounters an unrecognized mnemonic, it should
load address 173000 into the PC, which will restart the BDV11 base
ROM and reprompt.

Diagnostic Lights

When a failure occurs in a diagnostic test or in a bootstrap program,
the diagnostic light display indicates the area of the failure as shown in
Table 8. A failure causes the error to be indicated by the display and
an error haltinstruction is carried out by the processor. When entering
the halt mode, the processor outputs the PC address at the time of the
error on the console terminal. (The actual error address is one word
less than the terminal printout.) In the halt mode, the processor re-
sponds to console ODT commands and the operator can troubleshoot
the error. Table 9 lists the possible address and the cause of some
errors.

135



BDV11

BEVNT L Switch

Contact 5 of dip-socket switch E21 is the BEVNT L switch. When the
switch is off (open), the LSI-11 bus BEVNT L signal can be controlled
by the power supply-generated LTC signal. When the switch is on
(closed), the LTC function is program-controlled, i.e., a single-bit,
write-only register in the logic (address 1775486, bit 6) clamps BEVNT L
low when the register is cleared. (The register is automatically cleared
when the power is turned on or when the RESTART switch is cycled.)

Power OKLED

This green LED is lit when the +12 Vdc supply voltage is greater than
+10 V and the +5 Vdc supply voltage is greater than +4 V for normal
operating conditions. The +12 Vdc voltage and the +5 Vdc voltage
can be measured at the tip jacks as indicated below. (Both J2 and J3
have a 560-ohm resistor in series to prevent damage from a short
circuit; use at least a 20,000 ohm/V meter to measure the voltage.)

Jack Color Voltage
J1 Black Ground
J2 Red +5Vdc
J3 Purple +12Vdc
HALT/ENABLE Switch

When this switch is in the ENABLE position, the processor can operate

program control. If the switch is placed in the HALT position, the

processor enters the halt mode and responds to console ODT com-

mands. While in the halt mode, the processor can execute single in-

structions for system maintenance. Program control is reestablished

by returning the switch to the ENABLE position and entering a “P”

command at the console terminal (providing the contents of register -
R7 were not changed). Refer to the appropriate processor handbook

for a description of console ODT command usage. .
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Table 8 Diagnostic LED Error Display (D1-D4)*

D4 D3 D2 D1 Comments*
Bit3 Bit 2 Bit 1 Bit0 (Type of Error)

On On On On System hung; halt switch on
or power-up mode wrong.
Off Off Off On CPU, fault, or configuration

error.

Off Off On Off Memory error; R1 points to bad
location.

Off Off On On Console SLU will not transmit.

Off On Off Off Waiting for response from
operator.

Off On Off On Load device fault.

Off On On Off Secondary boot incorrect
(location 0 not a NOP).

Off On On On DECnet waiting for response
from host.

On Off Off Off DECnet; received done flag
set.

On Off Off On DECnet; message received.

On Off On Off ROM bootstrap error.

* The light pattern indicates the corresponding test is in progress or failed.
Some tests retry (DECnet) and others will halt the CPU (CPU, memory, non-
DECnet boots).

Table 9 Listof Error Halts

Address Cause of Error

of Error

173 022 Memory error 1. Write address into itself.

173 040 SLU switch selection incorrect. Error in switches.

173 046 SLU error. CSR address for selected device. Check
CSR for selected device in floating CSR address
area.
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Table9 Listof Error Halts (Cont)

Address Cause of Error

of Error

173 050 CP1 error. RO contains address of error.

173052 Memory error 2. Data test failed.

173 106 Memory error 3. Write and read bytes failed.

173 202 ROM loader error. Checksum on data block.

173 240 CP4 error. RO contains address of error.

173 366 ROM loader error. Checksum on address block.

173402 ROM loader error. Jump address is odd.

173532 RL device error.

173 634 CPU error 3. RO points to cause of error.

173 642 In console terminal test, a “no” typed.

173 656 RK device error.

173 656 Switch mode halt. Match was not made with switch-
es.

173670 Console terminal test. No done flag.

173 706 CPU error 2. RO points to cause of error.

173712 RX device error.

RESTART Switch

When the RESTART switch is cycled, i.e., moved from one side to the
other and back, the CPU automatically carries out a power-up se-
quence. Thus, for maintenance purposes, the system can be rebooted
atany time.

Addressing ROM on the BDV11 module

A block of 256 LSI-11 bus addresses is reserved to address the ROM
locations on the BDV11 module. This block resides in the upper 4K
address bank (28K-32K), which is normally used for peripheral-device
addressing, and consists of byte addresses 173000-173776.
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All 2048 locations in a selected 2K ROM (or 1024 locations in a 1K
ROM) can be addressed by just these 256 bus addresses. The logic
includes a page control register (PCR) at bus address 177520; the
contents of this read/write register determine which specific ROM
location is accessed when one of the 256 bus addresses is placed on
the BDAL lines. The PCR is loaded with “page” information, i.e., the
PCR contents point to 1 of 16 (or 1 of 8) 128-word pages in the select-
ed ROM (16 pages X 128 words = 2048 words). For example, if the
PCR contents represent pages 0 and 1, then bus addresses 173000-
173776 access ROM locations 0000-0377; if the PCR contents repre-
sent pages 10 and 11, then bus addresses 173000-173776 access
ROM locations 2000-2377. Table 10 relates bus addresses, PCR
pages, and ROM locations.

At the top of each column of PCR pages in Table 10 appear two circuit
component designations; column 1, for example, is headed by
E53/E48. These designations represent the ROMs and EPROMSs that
one might find on a BDV11 module. For instance, the BDV11 is sup-
plied with 2K words of diagnostic ROM. The ROM inserted in socket
XE53 supplies the high byte (bits 8-15) of these 2K words, while the
ROM inserted in socket XE48 supplies the low byte (bits 0-7). To ac-
cess the BDV11 diagnostic ROM locations, the user must load the PCR
with the pages in column 1; thus, when 12 and 13, for example, are
loaded into the PCR, diagnostic ROM locations 2400-2777 can be
addressed by the LSI-11 BDAL signals. Another variation of the
BDV11 could have 1K-word EPROMs inserted in sockets XE57—XE40
(E57 supplies the high byte, while E40 supplies the low byte). To ac-
cess these EPROM locations, the user would load the PCR with pages
in column 3; thus, with 44 and 45 in the PCR, EPROM locations 1000-
1377 are accessible.
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As Table 10 implies, the PCR pages are assigned to specific module
ROM sockets. Furthermore, the sockets are assigned specific kinds of
ROMs, as Table 11 indicates, e.g., the diagnostic/bootstrap ROM can
occupy only sockets XE53 and XE48. Thus, a specific ROM can be
addressed only when the PCR contains the page or pages assigned to
the socket that the ROM occupies. For example, if 2K-word ROMs are
inserted in sockets E39 and E50, they can be addressed only when the
PCR contains pages 360-377. The page/socket assignments indicated
in Table 10 apply to the BDV11 module shipped by DIGITAL. There are
eight locations on the BDV11 printed circuit board in which jumpers
are inserted selectively to achieve these assignments. The user can
change the factory arrangement of these jumpers to cause the CPU to
execute instructions directly from a ROM or EPROM of the user’s
choice when power is turned on, rather than from the diagnostic
ROMs.

Table 11 Functions of ROM Sockets

Sockets ROM Sockets ROM
Function Function
XE53/XE48 2K Diagnos- XE47/XE42 2K System
tic/Bootstrap ROM
XE58/XE44 2K Diagnos- XE51/XE38 2K System
tic/ ROM
Bootstrap
(reserved for
DIGITAL)
XE57/XE40 1K EPROM XE55/XE37 2K System
-ROM-
XE52/XE36 1K EPROM XE60/XE41 2K System
. - ROM
XE39/XE50 2K System XE59/XE45 2K System
ROM ROM
XE43/XE46 2K System XE54/XE49 2K System
ROM ROM
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Loading ROM into RAM

A utility is provided in the BDV11 firmware which loads user programs
from ROM to RAM at specified (and possibly scattered) addresses and
transfers control to a specified address. This allows a programmer to
write a program (to be stored in ROM) without knowing the BDV11
mapping hardware or having to “ROMize” the program. This utility
loads the DIGITAL-reserved space, the 2K EPROM, or the 16K
ROM/EPROM areas. The utility uses the four highest words of RAM
(<30K) as scratch space.

The format is a modified version of absolute loader paper tape format.
The standard format consists of sequential blocks, organized by byte,
as follows:

1BYTE This indicates start of block.

0BYTE Required.

BCL Low-order eight bits of byte count.
BCH High-order eight bits of byte count.
ADL Low-order eight bits of load address.
ADH High-order eight bits of load address.
DATA Sequential bytes of data.

CKB Checksum byte.

These frames are repeated as required until a starting address block-
is encountered. This is indicated by a byte count of six, which is too
short to allow a data field. The load address of this block is used as the
starting address.

The format skips every 255th and 256th location in the ROM pattern.
These locations are filled with checking information which allows
DIGITAL diagnostics to determine whether the ROMs are good and
inserted in the correct socket.

The ROMs should be inserted as indicated by the ROM address chart.
The user program may be patched by changing only the last ROM of a
set and by adding a new data block(s) before the starting address
block. This block will overlay previously loaded data.

Executing ROMs in the 1/O Page

.ROMs may be executed in the I/O page provided their starting ad-

dress is between 173016 and 173376.
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DC319-AA DLART

INTRODUCTION

Digital’s DC319-AA DLART is a DL-compatible, asynchronous receiver/
transmitter designed for data communications with Digital’s micro-
processor family. The DLART is used as a peripheral device. It is pro-
grammed by the CPU to operate either in 8-bit or 16-bit mode with
asynchronous baud rates varying from 300 to 38.4K. ‘The DLART ac-
cepts data characters from the CPU in parallel format and converts
them into a continuous serial data stream for transmission. Simulta-
neously, it can receive serial data streams and convert them into par-
allel data characters for the CPU. The DLART will signal the CPU
whenever it can accept new characters for transmission or whenever it
has received a character from the CPU.

The DLART also has an internal baud rate control to reduce support
logic and provides four realtime interrupt outputs to support dynamic
memory refresh for realtime system applications. The CPU can read
the complete status of the DLART at any time. The status includes
data transmission errors and control signals such as BRK-IRQ and
RCV-IRQ. The DLART does not handle device address detection, vec-
tor generation, and interrupt arbitration. These must be handled out-
side the DLART. The DLART provides the DL-defined internal regis-
ters: RCSR, RBUF, XCSR, XBUF. Thus, standard Digital software will
work with the DLART. The chip is fabricated in N-channel MOS silicon
technology.

FEATURES
e Asynchronous operation

e Error detection-overrun, framing, and brake generation

e Compatible with both 8- and 16-bit modes of the micro T-11 micro-
processor

e Internal baud rate generation from 300 baud to 38.4K baud

e Four realtime clock interrupt outputs to support dynamic memory
refresh for realtime system applications

e One stop bit only

e Common baud rate for both transmitter and receiver
e 40-pin DIP package

e Single +5V supply

e Single TTL clock
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DC319-AA DLART
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DATA BUS e
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DLART Pin Locations
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PIN DESCRIPTIONS

Pin No.
1

Name
RD

Cs

WLB

DC319-AA DLART

Pin Functions

Asserted
State

Low

Low

Low
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Description

Read

When asserted while CS
is asserted and WLB is
unasserted, this control
input causes the con-
tents of the register se-
lected by the A2, A1 and
AO lines to drive the DAL
lines. This line has no ef-
fect if CS is unasserted
or if WLB is asserted.

Chip Select

This input is asserted to
permit data transfers
through the DAL lines to
or from the internal regis-
ters under control of the
RD or WLB lines. When
this line goes from as-
serted to unasserted
while WLB is asserted
and AOQ is unasserted,
data on the low byte of
the DAL lines is written
into the writable bits of
the register selected by
the A2, Al lines.

Write Low Byte

When this input goes
from asserted to unas-
serted while CS is assert-
ed and AO is unasserted,
data on the low byte of
the DAL lines is written
into the writable bits of

o




Pin No.

4-19

21

22,23

Name

DAL

A0

A2-1

DC319-AA DLART

Asserted
State

High

High

High
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Description

the register selected by
the A2, A1 lines. This line
has no effect on internal
registers if CS is unas-
serted or AO is asserted.

Data I/O Lines

The receivers are active
at all times. The drivers
are active only when CS
and RD are asserted and
WLB is unasserted. The
drivers will go inactive
(tristate) within 50 ns
whenever one or more of
the following occurs: (1)
CS goes unasserted, (2)
RD goes unasserted, or
(3) WLB goes asserted.

Register Byte Select
When this input is assert-
ed, the high byte of the
register selected by A2,
A1 is multiplexed to the
low byte of the DAL lines.
Reading is normal, but at-
tempts to write have no
effect.

Register Address Select
These inputs determine
which DLART internal
register is accessible
through the DAL lines
when the ES line is as-
serted.



DC319-AA DLART

Pin No. Name

24 INIT

25 RTCLK800
26 RCV IRQ

Description

AA

21 Register
00 RCSR
01 RBUF
10 XCSR
11 XBUF
Init

This input is used to reset
only the RCV IE bit in the
RCSR register, and the
XMIT IE, MAINT, and
XMIT BRK bits in the
XCSR register.

800 Hz Realtime clock In-
terrupt

This output provides an
800 Hz, 50% duty cycle
signal. After being high
for a minimum of 500 ns,
this output can be
cleared externally by
being forced low
(clamped to ground) with
an open collector transis-
tor for a minimum of 100
ns.

Receiver Interrupt Re-
quest

This interrupt output is
asserted only when both
the RCV DONE and RCV
IE bits in the RCSR are
set. This output can also
be cleared externally by
being forced low
(clamped to ground) by an
open collector transistor




Pin No.

27

28

29

Name

SI

PBRI

XMIT IRQ

DC319-AA DLART

Asserted
State Description

for a minimum of 100 ns
after being high for a min-
imum of 500 ns.

High Serial Input
This input accepts an
asynchronous bit serial
data stream. The input
signal must remain in the
high (marking) state for at
least one half bit time be-
fore a high-to-low (mark-
to-space) transition is
recognized. A mark-to-
space transition is re-
quired to determine the
beginning of a start bit
and initiate data recep-
tion.

Low Programmable Baud Rate
Inhibit
This input is optionally
held low externally by a
jumper to ground or held
high internally. Holding
this line low disbles soft-
ware programmable baud
rate selection (clears the
PBR2-0 and PBRE bits)
but makes the DLART DL-
software compatible.

High Transmitter Interrupt Re-
quest

This interrupt request
output is asserted only
when both the XMIT RDY
and XMIT IE bits in the
XCSR are set. This output
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Pin No.

30

32

33

DC319-AA DLART

Name

SO

CLK

BRK IRQ

Asserted
State

High

High

High

150

Description

can also be cleared exter-
nally by being forced low
(clamped to ground) by an
open collector transistor
for a minimum of 100 ns
after being high for a min-
imum of 500 ns.

Serial Output

This output provides an
asynchronous bit serial
data stream. This line re-
mains high (marking)
when no data is being
transmitted. This line will
remain low when the
XMIT BRK bit in the
XCSR register is set.

Clock In

This input requires a
614.4 KHz £ 0.1% square
wave. All baud rates and
clocks are derived from
this input.

Break Detected Interrupt
Request

This interrupt request
output is asserted when
the RCV BRK bit is set
and is unasserted by
TEST or when the RBUF
is read. This output can
also be cleared externally
by being forced low
(clamped to ground) by an
open collector transistor
for a minimum of 100 ns
after being high for a min-
imum of 500 ns.




Pin No.
34

35

36

DC319-AA DLART

Name
RTCLK77

RTCLK50

RTCLK60

Asserted
State

High

High

High
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Description

76.8 KHz Realtime Clock
Interrupt

This output provides a
76.8 KHz, 50% duty cycle
signal. After being high
for a minimum of 500 ns,
this output can be
cleared externally by
being forced low
(clamped to ground) with
an open collector transis-
tor for a minimum of 500
ns.

50 Hz Realtime Clock In-
terrupt

This output provides a 50
Hz, 50% duty cycle sig-
nal. After being high for a
minimum of 500 ns, this
output can be cleared
externally by being forced
low (clamped to ground)
with an open collector
transistor for a minimum
of 100 ns.

60 Hz Realtime Clock In-
terrupt

This output provides a 60
Hz, 50% duty cycle sig-
nal. After being high for a
minimum of 500 ns, this
output can be cleared
externally by being forced
low (clamped to ground)
with an open collector
transistor for a minimum
of 100 ns.
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Asserted
Pin No. Name State Description
38 BRS2-0 Low Baud Rate Select

These inputs provide for
external baud rate selec-
tion. These inputs are op-
tionally asserted low
externally by a jumper to
ground or held high inter-
nally. The receiver and
transmitter baud rate is
determined by these lines
when the PBRE bit is
clear.

PBR Baud BRS
210 Rate 210

000 300 HHH
001 600 HHL
010 1200 HLH
011 2400 HLL
100 4800 LHH
101 9600 LHL
110 19200 LLH

11 38400 LLL

39 TEST High Test
This input is used during
module assembly and
test to disable all DLART
outputs. It is also used in
a system during powerup
to reset all internal logic.

REGISTERS
Receiver Control/Status Register (RCSR)
A2 AL oo = ]_:(7)_1535\/ | RO - ]
o o l*——*——-l 28¥I~— —’H&NVE s — |
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Bit
15-12

1"

10-08

07

06

05-00

DC319-AA DLART

Name

RCV ACT

RCV DONE

RCV IE

Description

Zero (Read-Only)
These bits are always read as
Zeros.

Receiver Active (Read-Only)
When this bit is set, the receiv-
er is active. Set at the center of
the start bit which is the begin-
ning of the input serial data
and cleared one bit time prior
to the leading edge of RCV
DONE or TEST.

Zero (Read-Only)
These bits are always read as
Zeros.

Receiver Done (Read-Only)
This bit is set when an entire
byte has been received and
transferred to the RCV DATA
BUFFER. This bit is cleared by
reading the RCV DATA BUFF-
ER or by TEST.

Receiver Interrupt Enable
(Read/Write)

When this bit is set under pro-
gram control, the RCV IRQ line
follows the RCV DONE bit. This
allows an interrupt request to
be made when RCV DONE is
set. This bit is cleared by INIT
and by TEST.

Zero (Read-Only)
These bits are always read as
zeros.



DC319-AA DLART
Receiver Buffer Register (RBUF)

15 14 13 12 1 10 08 07 00
T T T T T T T T T

— T T RO ]
}:72 A11 P [emn A £rn | ° l Sﬁ‘é'ﬁ 1 IL n T FCVDATABUR =II
Bit Name Description
15 ERR Error (Read-Only)

This bit is set when the overrun
or the framing error bit is set
and cleared by removing the er-
ror-producing condition.

14 OR ERR Overrun Error (Read-Only)
This bit is set when a received
byte is transferred to the RCV
DATA BUFFER before the RCV
DONE bit is cleared. An overrun
error indicates that reading of
the previously received byte
was not completed prior to re-
ceiving a new byte. This bit is
updated when a byte is trans-
ferred to the RCV DATA BUFF-
ER and is cleared by TEST.

13 FR ERR Framing Error (Read-Only)
This bit is set when a received
byte without a valid stop bit is
transferred to the RCV DATA
BUFFER. This bit is cleared by
TEST or when a received byte
with a valid stop bit is trans-
ferred to the RCV DATA BUFF-

ER.

12 0 Zero (Read-Only)
This bit is always read as a
zero.

11 RCV BRK Received Break (Read-Only)

This bit is set when the serial-
in (Sl) signal goes from a mark
to a space and stays in the
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Bit Name

10-08 0

07-00 RCV DATA
BUFFER

Transmitter Data Buffer (XBUF)

Description

space condition for 11 bit times
after serial reception starts.
This bit is cleared when the SI
signal returns to the mark con-
dition or by TEST.

Zero (Read-Only)
These bits are always read as
zeros.

Received Data Buffer (Read-
Only) '

These 8 bits hold the most re-
cent byte received. When a new
byte is transferred to the RCV
DATA BUFFER, the RCV DONE
bit in the RCSR is set. These
bits are cleared by TEST.

08 07 00
T T

A2 Al [ il I _L - RW i ]
= —— ; oA ——
Bit Name Description
15-08 0 Zero (Read-Only)
These bits are always read as
zeros.
07-00 XMIT DATA Transmitter Data Buffer (Read/
BUFFER Write)
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This byte register holds a copy
of the most recent byte written
into it. When a byte is written
into this register, the XMIT RDY
bit in the XCSR register is
cleared. This byte is copied
into the transmitter serial out-
put register whenever that reg-
ister is empty and the XMIT
RDY bit is clear. The XMIT RDY



Bit

A2 A1

Bit
15-08

07

06

05-03

XCSR

DC319-AA DLART

Transmitter Control/Status Register (XCSR)

Description

bit is set when a byte is copied
from the XMIT DATA BUFFER
into the serial output register.
Reading the contents of this
register causes no other effect.
This register is cleared by
TEST.
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Name

XMIT RDY

XMIT IE

PBR2-0
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Description

Zero (Read-Only)
These bits are always read as
Zeros.

Transmitter Ready (Read-Only)
This bit is set when the XMIT
DATA BUFFER is ready to ac-
cept a byte. This bit is cleared
by writing to the XMIT DATA
BUFFER and is set by TEST.

Transmitter Interrupt Enable
(Read/Write)

When this bit is set under pro- i
gram control, the XMIT IRQ line

follows the XMIT RDY bit. This

allows an interrupt request to

be made when XMIT RDY is

set. This bit is cleared by INIT

and by TEST.

Programmable Baud Rate Se-
lect*

When the PBRE bit is set, these
bits determine the baud rate as
shown in the table under the
BRS2-0 pins. These bits are
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Bit Name

02 MAINT

01 PBRE

00 XMIT BRK

B - S —
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Description

cleared by TEST or PBRI (pro-
grammable baud rate inhibit).

Maintenance (Read/Write)

This bit is used to facilitate a
maintenance self-test. When
this bit is set, the transmitter
serial output is connected to
the receiver serial input while
disconnecting the external seri-
al input. This bit is cleared by
INIT and by TEST.

Programmable Baud Rate En-
able*

This bit selects between inter-
nal and external baud rate se-
lection. When set, the baud
rate is determined by the PBR2-
0 bit in this register. When
clear, the baud rate is deter-
mined by the BRS2-0 pins. This
bit is cleared by TEST or PBRI
(programmable baud rate inhib-
it).

Transmit Break (Read/Write)
When this bit is set, the serial
output (SO) line is forced to a
space condition. This bit is
cleared by INIT and by TEST.
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VALID ADDRESS

ADRS — Tas I

Tpy 100 ns min TAH
50 ns min 0 ns min T
v
CTRL ————[ I___—
Tac TTR
READ 250 ns max 50 ns max
10 ns min
DATA VALID DATA
WRITE Tps ToH
100 ns min 0 ns min
Ty 400 ns min
NOTE: READ CONTROL EQUALS CS ASSERTED AND RD ASSERTED AND

WLB-UNASSERTED.

WRITE CONTROL EQUALS CS ASSERTED AND WLB ASSERTED
AND AO UNASSERTED.

Write/Read Data and Control Cycle.

NOTE
READ CONTROL EQUALS CS ASSERTED AND RD
ASSERTED AND WLB UNASSERTED.

WRITE CONTROL EQUALS CS ASSERTED AND
WLB ASSERTED AND AO UNASSERTED.
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AC Characteristics
(Ta = 0°C 10 70°C, Vec = 5.0V 5%, GND = 0V)

Symbol Parameter Min. Max.
Ty Cycle time 400ns
Tow Controlling 100 ns

pulse width
Tas Address set- 50 ns

up time
Tan "Address hold Ons

time
Tac Access time Ons 250 ns
T Tristate time 10ns 50 ns
Tas Data set-up 100 ns

time
Tan Data hold Ons

time

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature  0° to 70°C

Under Bias

Storage Temperature —-65°C to—150°C

Voltage On Any Pin
With Respect To Ground —0.5V to *min7 V

Power Dissipation 1w

* Stresses above those listed under “Absolute Maximum Ratings” may
cause permanent damage to the device. This is a stress rating only and func-
tional operation of the device at these or any other conditions above those
indicated in the operational sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for extended periods may af-
fect device reliability. .
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DCK11-AA, -AC PROGRAM TRANSFER INTERFACE
INTRODUCTION

The DCK11-AA and -AC CHIPKITs provide the logic necessary for a
program transfer interface to the LSI-11 bus.

The DCK11-AA kit contains:

1-DCO003 Interrupt Chip
1-DCO004 Protocol Chip
4-DCO005 Transceiver/Address Decoder/Vector Select Chips

The DCK11-AC kit contains the above chips plus:
1-W9512 double-height, extended-length, high-density wire-wrap-

pable module
1-BC07D-10 ten-foot, 40-conductor plug-in cable

Figure 1 shows.a:schematic of the program control CHIPKIT part of a
user’s interface.

FEATURES .

DCO003 Interrupt Logic IC Features

e Two interrupts (A & B) per DC003

e Interrupt enable flip-flop on the IC

e Enable flip-flop outputs available to the user

e Interrupts initially disabled by BUS INIT

e VECTOR output to the DC005s to gate the Interrupt Vector address
directly onto the LSI-11 bus

e Interrupt B generates the second LSB of vector address directly
(VECRQSTBH)

® BUS INIT buffered and made available to the user (INITO L)
e Contains logic for LSI-11 bus “daisy-chained™interrupts
DC004 Protocol Logic IC Features
® Device selection features
- Four register select lines (SEL6 L, SEL4L,SEL2L,SELOL).
- High and low byte output select lines (OUTHB L, OUTLB L)
- Inputselectline (INWD L)
- Enable input from higher level decode (ENB H)
® Bus functions

- Bus reply generated for device addresses and for interrupts
(BRPLYL):

- Ability to vary bus reply response by adding an RC network
provided (RXCX H)
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DCO005 Bus Transceiver IC Features
® Four bits per IC
® Three bits of address selection logic included on the chip
® | S|-11 bus drivers and receivers :
- Drivers—open collector with 70 mA sink capability
- Receiver—65 uA input loading- (BUS 0-3L) -
® |nternal 3-state bus drivers and receivers
-  Drivers—20 mA sink
- Receivers—standard TTL (DAT 0-3 H):
® Address selection
- Enableinput for use with a higher level decoded input (MENB L)
- Address bits may be excluded from comparison by tying them
to VCC (JA(3:1)L)
® |nterrupt Vector
- Vector address bits “ORed” directly onto LSI-11 bus (JV(3:1)H)

SPECIFICATIONS

For complete Electrical Specifications refer to EJ 17475. A summary of
the more important specifications follow the pin/signal descriptions
for individual ICs.

DCO003 Pin/Signal Descriptions

Pin Signal Description

1 VECTORH Interrupt Vector Gating. This signal should
be used to gate the appropriate vector ad-
dress onto the bus and to form the bus sig-
nal called BRPLY L. Type: TTL-OUTPUT

2 VECRQSTBH Vector Request “B.” When asserted, indi-
cates RQST “B” service vector address is
required. When unasserted, indicates
RQST “A” service vector address is re-
quired. VECTOR H is the gating signal for
the entire vector address; VECRQSTB H is
normally bit 2 of the vector address. Type:
TTL-OUTPUT
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DC003 Pin/Signal Descriptions (Cont)

Pin Signal Description

3 BDINL Bus Data In. This signal, generated by the
processor BDIN, always precedes a BIAK
signal. Type: BUS-INPUT

4 INITOL Initialize Out. This is the buffered BINIT L
signal used in the device interface for gen-
eral initialization. Type: OPEN COLLECTOR
WITH 1K PULL UP - OUTPUT

5 BINIT L Bus Initialize. When asserted, this signal
brings all driven lines to their unasserted
state (except INITO L). Type: BUS-INPUT

6 BIAKO L Bus Interrupt Acknowledge (Out). This sig-
nal is the daisy-chained signal that is
passed by all devices not requesting inter-
rupt service (see BIAKI L). Once passed by
a device, it must remain passed until a new
BIAKI L is generated. Type: BUS-OUTPUT

7 BIAKI L Bus Interrupt Acknowledge (In). This signal
is the processor’s response to BIRQ L true.
This signal is daisy-chained such that the
first requesting device blocks the signal
propagation while non-requesting devices
pass the signal on as BIAKO L tothe next
device in the chain. The leading edge of
BIAKI L causes BIRQ L to be unasserted by
the requesting device.
Type: BUS-INPUT

8 BIRQ L Bus Interrupt Request. This signal is gener-
ated when this device needs to interrupt the
processor. The request is generated by a
false to true transition of the RQST signal
along with the associated true interrupt en-
able signal. The request is removed after
the acceptance of the BDIN L signal and on
the leading edge of the BIAKI L signal or the
removal of the associated request signal.
Type: BUS-OUTPUT
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DCO003 Pin/Signal Descriptions (Cont)

Pin Signal Description
10 RQSTBH Device Interrupt Request. When asserted
17 RQSTAH with the enable flip-flop set, will cause the

assertion of BIRQ L on the bus. This signal
line normally remains asserted until the re-
quest is serviced. Type: BUS-INPUT

11 ENBSTH Interrupt Enable Status. This signal indi-

16 ENASTH cates the state of the interrupt enable inter-
nal flip-flop which is controlled by the signal
ENX (where X is either A or B) DATA H, and
the ENX (where X is either A or B) CLKH
clock line. Type: TTL-OUTPUT

12 ENBDATAH Interrupt Enable Data. The level on this line,

15 ENADATAH in conjunction with the ENX (where X is ei-
ther A or B) CLK H signal, determines the
state of the internal interrupt enable flip-
flop. The output of this flip-flop is monitored
by the ENX (where X is either Aor B) STH
signal.Type: TTL-INPUT

13 ENBCLKH Interrupt Enable Clock. When asserted (on

14 ENACLKH the positive edge), interrupt enable flip-flop
assumes the state of the ENX (where X is
either A or B) DATA H, signal line. Type:

TTL-INPUT

Summary of Electrical Specifications for DC003
Ambient Temperatures 0°Cto 70°C
TTL Input
High-level input current 50 uA max.

Lr(V=2.7V)
Low-level inputcurrent ‘ -.55 mA max.
| |L(V '=05V)
Exceptions Pins 12 & 15 ENX DATAH

ljy = 100 uA max.
Iy = —2.0 mA max.
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TTL Outputs
High-level output voltage 2.7V min.
\Y OH (1 o= —1 mA max.)

Low-level output voltage 0.5V max.
\" oL (lo=20 mA max.)
Bus (Hi Z) input and (open collector) outputs.

Bus Inputs

High-level input current 401A max.
Ir(V|=3.8V)

Low-level input current —10uA max.
hi(Vy=0Vv)

Bus Outputs
Low-level output voltage 0.8V max.
\ LO (1 sink = 70 mA max.)

DCO004 Pin/Signal Descriptions

Pin Signal Description

1 VECTORH Vector. This input causes BRPLY L to be
generated through the delay circuit. Inde-
pendent of BSYNC L and ENB H. Type:

TTL-INPUT
2 BDAL2L Bus Data Address Lines. These signals are
3 BDAL1L latched at the assert edge of BSYNC L.
4 BDALOL Lines 2 and 1 are decoded for the select

outputs; line 0 is used for byte selection.
Type: BUS-INPUTS

5 BWTBTL Bus Write/Byte. While the BDOUT L inputis
asserted, this signal indicates a byte or
word operation: asserted = byte, unassert-
ed = word. Decoded with BDOUT L and
latched BDALO L to form OUTLB L and
OUTHB L. Type: BUS-INPUT
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DCO004 Pin/Signal Descriptions (Cont)

Pin Signal Description

6 BSYNC L Bus Synchronize. At the assert edge of this
signal, address information is trapped in
four latches. While unasserted, disables all
outputs except the vector term of BRPLY L.
Type: BUS-INPUT

7 BDIN L Bus Data In. This is a strobing signal to ef-
: fect a data input transaction. Generates
INWD L and BRPLY L through the delay cir-
cuitand INWD L. Type: BUS-INPUT

8 BRPLY L Bus Reply. This signal is generated through
an RC delay by VECTORH, or BDIN L, or
BDOUT L and the AND of BSYNC L and
latched ENB H. Type: BUS-OUTPUT

9 BDOUTL Bus Data Out. This is a strobing signal to
effect a data output transaction. Decoded
with BWTBT L and BDALO to form OUTLB L
and OUTHB L. Generates BRPLY L through
the delay circuit. Type: BUS-INPUT

11 INWD L In Word. Used to gate (read) data from a
selected register onto the data bus. En-
abled by BSYNC L and strobed by BDIN L.
Type: TTL-OUTPUT

12 OUTLBL Out Low Byte. Out High Byte. Used to load

13 OUTHBL (write) data into the lower, higher, or both
bytes of a selected register. Enabled by
BSYNC L and decode of BWTBT L and
latched BDALO L, and strobed by BDOUT L.
Type: TTL-OUTPUT

14 SELOL Select Lines. One of these four signails is

15 SEL2L true as a function of BDAL2 L and BDAL1L
16 SEL4 L if ENB H is asserted at the asserted edge of
17 SEL6 L BSYNC L. They indicate that a word register

has been selected for a data transaction.
These signals never become assertcd ex-
cept at the assertion of BSYNC L (then only
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DCO004 Pin/Signal Descriptions (Cont)

Pin Signal
18 RXCXH
19 ENBH

Description

if ENB H is asserted at that time) and once
asserted, are not unasserted until BSYNC L
becomes unasserted. Type: TTL-OUTPUT

External Resistor Capacitor Node. This
node is provided to vary the delay between
the BDIN L, BDOUT L, or VECTOR H inputs
and BRPLY L output. The external resistor
should be tied to V¢ and the capacitor to
ground. As an output, it is the logical inver-
sion of BRPLY L. Type: OPEN-COLLEC-
TOR OUTPUT

Enable. This signal is latched at the assert-
ed edge of BSYNC L and is used to enable
the select outputs and the address term of
BRPLY L. Type: TTL-INPUT WITH 8500
PULL UP

Summary of Electrical Specifications for DC004

Ambient Temperatures

TTL Inputs

High level input current
| IH (Vl = 27V)

Low level input current
| IL (V| = 05V)

Exceptions

TTL Outputs
High Level output voitage
VoH(lo=—1mA)

Low level output voltage
Vv 0|_(| o= 20 mA)

0°Cto 70°C

50 uA max.
—.70 mA max.
Pin 19 ENBH

Iy = —3.85 mA max.
ljL = —8.0 mA max.

2.7V min.

0.5V max.

Bus (Hi- Z) inputs and (Open Collector) Outputs

Bus inputs
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High level input current

Iy (V) =3.8V) 40 uA max.
Low level input current

|||_(V|=0V) —10 uA max.
Bus Outputs

Low level output voltage

\Y% LO (I sink = 70 mA) 0.8V max.

DCO005 Pin/Signal Descriptions

Pin Signal Description

‘BUS(3:0) L
12 BUSO L Bus Data. This set of four lines constitutes
11 BUS1L the bus side of the transceiver. Open collec-
9 BUS2L tor outputs; high-impedance inputs. Low=
8 BUS3L 1. Type: BUS-INPUT/OUTPUT

DAT(3:0) H
18 DATOH Peripheral Device Data. These four tri-state
17 DAT1H lines carry the inverted received data from
7 DAT2H BUS (3:0) when the transceiver is in the re-
6 DAT3H ceive mode. When in transmit data mode,

the data carried on these lines are passed
inverted to BUS (3:0). When in the disabled
mode, these lines go open (HI-Z). High = 1.
Type: TTL-INPUTS

JV(3:1)H Vector Jumpers. These inputs, with internal
14 JV1H pull-down resistors, directly drive BUS
15 JV2H (3:1). A low or open on the jumper pin will
16 JV3H cause an open condition on the corres-

ponding bus pin if XMIT H is low. A high will
cause a one (low) to be transmitted on the
bus pin. Note that BUSO L is not controlled
by any jumper input. TYPE: TTL-INPUT
WITH PULL DOWN

13 MENB L Match Enable. A low on this line will enable
the Match output. A high will force MATCH
low, overriding the MATCH circuit. TYPE:
BUS-INPUT
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DCO005 Pin/Signal Descriptions (Cont)
Pin Signal Descriptions

3 MATCHH Address Match. When BUS (3:1) match with
the state of JA (3:1) and MENB L is low, this
output is open; otherwise it is low. TYPE:

BUS-OUTPUT
JA(B:1)L Address Jumpers. A strap to ground on

1 JATL these inputs will allow a match to occur with

2 JA2L a 1 (low) on the corresponding BUS line; an

19 JA3L open will allow a match with a 0 (high); a
strap to V g will disconnect the corres-
ponding address bit from the comparison.
TYPE: TERNARY-INPUT (SEE TEXT)

5 XMITH Control Inputs. These lines control the op-

4 RECH eration of the transceiver as follows:
REC XMIT
0 0 DISABLE:BUS,DAT open
0 1 XMIT DATA:DAT—BUS
1 0 RECEIVE:BUS—DAT
1 1 RECEIVE:BUS—DAT

To avoid-3-state signal overlap conditions,
an internal circuit delays the change of
modes between XMIT DATA and RECEIVE
mode and delays 3-state drivers on the DAT
‘lines from enabling. This action is indepen-
dent-of the DISABLE mode.

Summary of Electrical Specifications for DC005
Ambient Temperatures 0°Cto 70°C

TTL Inputs

High level input current —

| 1M (Vl = 27V)

RECHPIn4 100 xA max.
XMITHPin 5 50 uA max.

Low level inputcurrent  —
| 1L (V 1= 05V)
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RECHPIin4 —2.2 mA max.
XMITHPin5 —1.1 mA max.
TTL Outputs

High Level output volt-  3.65V min.
ageVOH (IO =-1
MA

Low level output volt- 0.5V max.
ageVg (o =20 mA)

Bus (Hi-Z) Inputs and (Open Collector) Outputs
Bus inputs

High level input current 65 A max.

| IH (V| = 38V)

Low levelinputcurrent  —10 uA max.
| L (V| = 05V)

‘Bus Outputs

Low level output volt- 0.8V max.
age \ LO (I sink = 70
mA)

DESCRIPTION

PROGRAM CONTROL CHIPKIT APPLICATION

In Figure 1, the transceivers (four DC005s) provide data lines DO
through D15 to reflect the state of the bus lines BDAL 0-15, when REC
H-is asserted, and to drive the BDAL lines when XMIT is asserted.
Address and interrupt vector information for interrupt request and
device selection is also provided by the DC005. The device address is
set up using input lines A3 through A12, while the interrupt vector
address is.set up using input lines V3 through V8.

When the address lines (JA inputs on DC005s) match the state of the
associated BDAL lines, the MATCH output will float high such that all
DCO005s will let ENB H on the DC004 be asserted, thus enabling the
DCO004 to look for proper synchronizing signals from the bus. Once
these synchronizing signals (BDIN, BDOUT, BSYNC, and BWTBT) are
present, the DC004 generates the control signals (INWD, OUTHB,
OUTLB, and SEL 0, 2, 4, 6) for the user’s device.

The protocol logic (DC004) functions as a register selector to provide
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the signals necessary to control data flow into and out of the user’s
registers. When the proper device address has been decoded-by the
device address comparator (all DC005s), the MATCH outputs let the
ENBH input go high, thus enabling the DC004 protocol logic. Address
bits D01 H and D02 H are decoded by the protocol logic, producing
one of the SEL outputs, while bit DO and BWTBT are decoded for
output word/byte selection (OUTHB L, OUTLB L). The device select
line (SEL 0, 2, 4, 6) and word/byte select lines (INWD L, OUTHB L,
OUTLB L) are used by the user’s logic. Each SEL output is used to
select one of four user’s registers, and the word/byte lines are used to
determine the type of transfer (word or byte) to or from these registers.

Either BDIN L or BDOUT L, depending on the type of bus cycle, will
initiate a delay whose value is dependent on the time constant of the
RC network connected to pin RXCX H of the DC004. The end of this
delay will initiate a reply to the CPU indicating that the address has
been received.

The interrupt logic (DC003) performs an interrupt transaction. Two
channels (A and B) are provided for generating two interrupt requests,
with channel A having the highest priority. The interrupt enable flip-
flop within the interrupt logic must first be set when the user’s device is
to interrupt the LSI-11. This is accomplished by asserting (logic H) the
ENX DATA* line and then clocking the enabled flip-flop by asserting
the ENX CLK* line. With the interrupt enable flip-flop set, the user’'s
device may then make an interrupt request by asserting (logic H)
RQSTX*. When RQST is asserted and the interrupt enable flip-flop is
set, the interrupt logic asserts BIRQ L to the bus which initiates the bus
“handshake” operation. This operation terminates with the generation
of the vector address by the DC005 under the control of the DC003,
and it's signals VECTOR H and VECRQSTB H.

The interrupt logic available to the user indicates the status of the
interrupt logic enable flip-flops. Each line is asserted (logic H) when
the appropriate interrupt enable flip-flop is set. These status lines can
function as part of the user's control status register (CSR). The
VECRQSTB H line is asserted (logic H) when the device connected to
channel B has been granted use of the bus for interrupt vector transfer
operation. When VECRQSTB H is unasserted (logic L), the user’s de-
vice connected to channel A of the interrupt logic has been granted
use of the bus. The INITO L output from the interrupt logic can be used
to initialize the user’s logic.

* X may be either A or B depending on which half of the interrupt logic is being
enabled.
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DCO003 Interrupt Logic

The interrupt chip is an 18-pin, 0.762 cm center X 2.349 cm long (max)
(0.3 in center X 0.925 in long) dual-in-line-package (DIP) device that
provides the circuits to perform an interrupt transaction in a computer
system that uses a daisy-chain type of arbitration scheme. The device
is used in peripheral interfaces to provide two interrupt channels la-
beled “A” and “B,” with the A section at a higher priority than the B
section. Bus signals use high-impedance input circuits or high-current
open collector outputs, which allow the device to directly attach to the
computer system bus. Maximum current required from the Vg sup-
ply is 140 mA.

Figure 2 is a simplified logic diagram of the DC003 IC.
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Figure 2 DCO003 Simplified Logic Diag}am
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DC004 Protocol Logic

The protocol chip is in a 20-pin 0.762 cm center X 2.74 cm long (0.3 in.
center X 1.08 in. long) DIP device that functions as a register selector,
providing the signals to control the data flow into and out of up to four
word registers (eight bytes). Bus signals can directly attach to the
device because receivers and drivers are provided on the chip. How-
ever, the DC004 is now ordinarily used with the user’s three-state bus
to limit Bus loading. An RC delay circuit is provided to slow the re-
sponse of the peripheral interface to data transfer requests. The cir-
cuit is designed such that if tight tolerance is not required, then only an
external 1K +20 percent resistor is necessary. External RCs can be
added to vary the delay. Maximum current required from the V¢
supply is 120 mA.

Figure 3 is a simplified logic diagram of the DC004 IC.

NOTE
The pin names shown in this diagram are for the
situation where the DC004 is connected to the inter-
nal 3-state bus of the DC005s, not connected directly
to the LSI-11 bus.
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Figure3 DCO004 Simplified Logic Diagram
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DCO005 Transceiver Logic

The 4-bit transceiver is a 20-pin, 0.762 cm center X 2.74 cm long (0.3
in. center X 1.08 in. long) DIP, low-power Schottky device; its primary
use is in peripheral device interfaces to function as a bidirectional
buffer between a data bus and peripheral device logic bus. It also
includes a comparison circuit for device address selection and a
constant generator for interrupt vector address generation. The bus
1/0 port provides high-impedance inputs and high drive (70 mA) open
collector outputs to allow direct connection to a computer data bus
structure. On the peripheral device side, a bidirectional port is also
provided, with standard TTL inputs and 20 mA, tri-state drivers. Data
on this port are the logical inversion of the data on the bus