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INTRODUCTION

GENERAL

This handbook is a reference guide for the interface and peripheral
hardware options that can be installed on the LSI-11 bus. It includes
descriptions, specifications, configuration information, programming
information as applicable to the options, and functional theory. Be-
cause the hardware options described in this handbook are designed
to interface with a processor via the LSI-11 bus, the user should be
familiar with the contents of the appropriate processor handbook.

The handbook is organized into two parts. Part 1 contains general
information about microcomputer interfaces; Part 2 contains descrip-
tion of the interface options in alphanumeric sequence.

Digital Equipment Corporation designs and manufactures the options
described in this handbook. The general design criterion was to pro-
vide maximum system throughput for options when installed on the
LSI-11 bus. LSI-11 bus-compatible processors, interfaces, and peri-
pherals are designed to work together, providing a broad spectrum of
system-compatible hardware options. The memory and peripheral
devices can be used with various LSI-11 bus configuration; 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 future microcom-
puter processing needs.

LSI-11 FAMILY CHARACTERISTICS

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

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

LSI-11 bus systems are:

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

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

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

e A bus structure that provides position-dependent priority for peri-
pheral device interfaces connected to the 1/0 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 sub-
system that executes programs and arbitrates usage of the LSI-11 bus
for peripherals. It contains multiple, high-speed, general-purpose reg-
isters that can be used as accumulators, address pointers, index
registers, and other specialized functions. The processor can perform
data transfers directly between peripheral input/output (1/0) devices
and memory without disturbing the processor registers. Data transfers
include 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
address on the LSI-11 bus.

The LSI-11 bus supports 18-bit addresses. However, processors and
peripherals having a 16-bit addressing capability are completely PDP-
11 hardware- and software-compatible within the 16-bit limitation. 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 I/0 page or
“bank 7.”

Whenever the 1/0 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> or <17:13>.
An active (asserted) BBS7 L signal will always indicate an address in
the I/0 page, enabling peripheral device addressing.

Peripheral device addresses within the 1/0 page are decoded by each
peripheral device. Each peripheral device will include one or more
“device register(s).” These registers can be accessed under program
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control in exactly the same manner as memory locations. Unique ad-
dresses within the 1/0 page are encoded on address bits <12:00>.

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
requests an interrupt. The processor completes execution of the
present instruction, saves PC and PS words on the stack, and ac-
knowledges the interrupt. The highest priority peripheral device cur-
rently requesting interrupt service responds by inputting its interrupt
vector address to the processor. The processor uses this vector ad-
dress 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 polling is required, since the interrupt vector is unique for that

3
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device. Once the device service routine execution has been complet-
ed, control is returned either to the previously interrupted program or
to another peripheral device requesting interrupt service.

Memory Address

Memory addresses are generally limited to the address space other
than the 1/0 page. However, the I/0 page can contain read-only
memory (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 1/0 page to avoid
conflicts with peripheral device addresses used for actual system
hardware, or addresses that system software may attempt to access
for peripheral devices not actually installed in the system. See Appen-
dix A for the standard assignments of the addresses in the 1/0 page.

SPECIFICATIONS

All the LSI-11 bus modules will operate under the following conditions:
Temperature 5°t060° 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 mod-
ules 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.
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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.

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
categories that pertain to their performance and function. This listing
indicates the wide span of equipment capability available to the user

Interface Options

AAV11-A

ADV11-A

The AAV11-A is a 4-channel, 12-bit digital-to-analog
converter module that includes control and interfac-
ing circuits. It has four D/A converters, a dc-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 sepa-
rately and provides 12 bits of resolution. Bits 0, 1, 2,
and 3 of the fourth holding register are brought out
to the 170 connector so that they can be used as a 4-
bit digital output register.

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. The multiplexer can accommo-
date 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 provid-
ed 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 produce a data base for ex-
tremely precise analog linearity testing.

5
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DRV11-B

DRV11-J

DRV11-P

INTRODUCTION

The DRV11 is a paralilel interface module that is used
to interconnect the LSI-11 bus with general-purpose,
parallel line TTL or DTL devices. it allows program-
controlled data transfers at rates up to 40K words
per second and uses LSI-11 bus interface and con-
trol logic to generate interrupts and process vector
handling. The data are handled by 16 diode-
clamped input lines and 16 latched output lines.
There are two 40-pin connectors on the module for
user interface applications.

The DRV11-B is an interface module that uses direct
memory access (DMA) to transfer data directly
between the system memory and an I/0 device. The
interface is programmed by the processor 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 interven-
tion 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 allows read-modify-restore operations.

Sixty-four input/output data lines are now available
on a double-height module for the LSI-11/2, LSI-
11/23, PDP-11/03, and PDP-11/23. The DRV11-J al-
so includes an advanced interrupt structure with bit
interruptability up to 16 lines, programmable inter-
rupt vectors, and program selection of fixed or rotat-
ing interrupt priority within the DRV11-J. The
DRV11-J's bit interrupts for real-time response
make it especially useful for sensor I/0 applications.
It can also be used as a general-purpose interface to
custom devices, and two DRV11-Js can be connect-
ed back-to-back as a link between two LSI-11 buses.

The DRV11-P is a foundation wire-wrap interface
module with a 40-pin I/0 connector. Approximately
25 percent of the module is occupied by bus trans-
ceivers, interrupt vector generation logic, device
comparator logic, protocol logic, and interrupt logic.
The remaining 75 percent is for user applications;
this portion has plated-through holes for securing

6
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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 circuits or discrete components.

The IBV11-Ais an interface module that intercon-
nects the LSI-11 bus with the instrument bus de-
scribed in IEEE standard 488 1975, “Digital Interface
for Programmable Instrumentation.” The IBV11-A
makes a processor-controlled programmable in-
strument system possible. The module can accom-
modate up to 15 IEEE-488 devices and is PDP-11
software-compatible.

The KWV11-Ais 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 predeter-
mined intervals or establish timing between input
and output events. It can also Initialize the ADV11-A
analog-to-digital converter by a clock counter over-
flow or by firing a Schmitt trigger. The clock counter
has a resolution of 16 bits and can be driven by any
one of five crystal-controlled frequencies (100 Hz to
1 MHz), from a line frequency input, or from a
Schmitt trigger fired by an external input. The mod-
ule can operate in any of four programmable modes:
single interval, repeated interval, external event tim-
ing, and external event timing from zero base.

Communications Options

DLV11

DLV11-E

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

The DLV11-E is an asynchronous line interface

modaule that interconnects the LSI-11 bus to stan-
dard serial communications lines. The module re-
ceives serial data, converts it to parallel data, and

7
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transfers it to the LSI-11 bus. Also, it accepts paralle!
data from the LSI-11 bus, converts it to serial data,
and transmits it to the peripheral device. The module
has jumper-selectable or software-selectable baud
rates (50-19,200), and jumper-selectable data bit
formats. The DLV11-E offers full modem control for
EIA/CCITT interfaces.

The DLV11-F is an asynchronous line interface mod-
ule that interconnects the LSI-11 bus to several types
of standard serial communications lines. The mod-
ule 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 the peripheral device. The
module has jumper-selectable or software-selecta-
ble baud rates (50-19,200) and jumper-selectable
data bits. The DLV11-F supports either 20 mA cur-
rent loop or EIA standard lines, but does not include
modem control.

The DLV11-J contains four independent asynchro-
nous serial line channels used to interface peripheral
devices to the LSI-11 bus. Each channel transmits
and receives data from the peripheral 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 adapter is used. The DLV11-J
has jumper-selectable baud rates from 150 to 39.4 K
baud.

The DUV11 synchronous line interface module esta-
blishes a data communication line between the LSI-
11 bus and a Bell 201 synchronous modem or equi-
valent. The module is fully programmable with

‘respect to sync characters, character length (to to 8

bits), and parity selection. 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 converts
the TTL logic levels to the EIA voltage levels required
by the Bell 201 modems and also controls the mo-
dem for half-duplex or full-duplex operation.

8
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The DZV11 is an asynchronous multiplexer interface
module that interconnects the LSI-11 bus with up to
four asynchronous serial data communications
channels. The module provides EIA interface voitage
levels and data set control to permit dial-up (auto-
answer) options with full-duplex modems such as
Bell models 103, 113, 212, or equivalent. The DZV11
does not support half-duplex operations or the se-
condary transmit and receive operations available in
some modems such as Bell 202. The DZV11 has ap-
plications in data concentration and collection sys-
tems where front-end systems interface to a host
computer and for use in a cluster controller for ter-
minal applications.

Expansion Memories (For detalled memory descriptions,
see the Microcomputer Processor Handbook)

MMV11-A

MRV11-AA

MRV11-BA

MRV11-C

The MMV11-Ais a 4K X 16-bit core memory option
that provides nonvolatile read/write storage. The
memory can be configured by bank addressing
switches. The module is limited to LSI-11 bus back-
planes that contain the LSI-11 bus in both the A/B
bus and the C/D slots.

The MRV11-AA is a read-only memory module on
which the user can install fusible link, program-
mable, read-only memory (PROM) chips or masked
read-only memory (ROM) chips. The user selects the
address space of the memory by configuring remov-
able jumper wires.

The MRV11-BA is a read-only memory module that
uses ultraviolet (UV) erasable, programmable, read-
only memory (EPROM) integrated circuits. The mod-
ule also contains a 256 X 16-bit random access
memory (RAM) that can be used as a “scratchpad”
or “stack” by the system‘software.

The MRV11-C is a flexible, high-density ROM mod-
ule used with the LSI-11 bus. The module contains
sixteen 24-pin sockets which accept a variety of
user-supplied ROM chips. It will accept masked
ROMS, fusible link PROMSs, and ultraviolet erasable
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PROMs. It accepts several densities of ROM chips
up to and including 4K X 8 chips. Using these high-
density chips gives the module a total capacity of
64K bytes. The contents of the module can be ac-
cessed in one of two ways—either directly or win-
dow-mapped. Direct access provides total random
access to all ROM locations on the module. Window-
mapping provides two 2K-byte windows in memory
address space to access 2K-byte segments of the
ROM array. The segments that are viewed through
each window can be varied under program control.

The MSV11-B is a 4K X 16-bit dynamic MOS
read/write memory module. The user can select the
memory addresses of the module by configuring re-
movable jumpers. The memory refresh must be con-
trolied by external bus signals.

The MSV11-CD is a 16K X 16-bit dynamic MOS
read/write memory module. Refresh is automaticaily
performed by the module but it can be disabled if the
user wishes to use the LSI-11 bus refresh signals.
This memory module can be configured to operate
in the battery backup mode. The user can configure
the memory addresses by selecting switch settings.

The MSV11-D module has either 8K, 16K, or 32K X
16 bits of MOS memory. The MSV11-E is the same
as the MSV11-D except that it has an 18-bit word
that generates and detects byte parity for each word.
The modules have an on-board memory refresh and
perform the necessary LSI-11 bus cycles. The mem-
ory addressing is selectable by the user by configur-
ing switch settings. The module can use a battery
backup system to preserve data when primary
power is lost.

The MXV11-Ais a dual height multifunction option
module for the LSI-11, LSI-11/2 or LSI-11/23. It con-
tains a read/write memory, provisions for read-only
memory, two asynchronous serial line interfaces and
a 60 Hz clock signal derived from a crystal oscillator.
Read/write memory is supplied with either 8K or 32K
bytes (4K or 16K words). Two 24-pin sockets are

10
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LAV11

LPV11
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provided for +5 V read-only memories. 1K X 8, 2K X
8, or 4K X 8 ROMS may be used. The sockets may
also be used for 256 words of bootstrap code. The
two asynchronous serial lines transmit and receive
E1A-423 signal levels from 150 baud to 38.4K baud.
20 mA active or passive current loop operation at
110 baud may be obtained with the DLV11-KA EIA to
20 mA converter option. The serial lines will not sup-
port the reader run function of the DLV11-KA option.
The serial lines provide error indicator bits for over-
run error, frame error, and parity error, but do not
have modem controls. Serial line 1 may be config-
ured to respond to a break signal. The serial lines
have signal level interrupt logic and should be
placed after multi-level devices on an LSI-11/23 sys-
tem. Serial line 1 may be used as a console port, or,
along with serial line 0, may be used with any of
several standard types of serial communication de-
vices. The 60 Hz clock signal can be selected by a
wirewrap jumper to provide line-time clock inter-
rupts on the bus.

The LAV 11 option consists of an LA180 DECprinter,
an interface module, and a BC11S-25 interface ca-
ble. The interface module provides interconnection
between the LA180 DECprinter and the LSI-11 bus.
The module outputs ASCII characters to the printer
and monitors various printer operations that require
operator control.

The LPV11 printer option consists of an interface
modaule, an interface cable, and either an LP05 or
LA180 line printer. The interface module provides
programmed control of data transfers and provides
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, de-
pending on which model Is selected.

1
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The RKV11-D option consists of an RK05 disk drive
controller, an LSI-11 bus interface module, and an
RKO05J disk drive. The RK05 disk drive controlier can
be used with up to eight RK05J disk drive units to
form a mass memory storage system that contains
up to 21M bytes of storage. The RKV11-D system is
block-oriented but is capable of transferring from 1
to 2'¢ consecutive data words without reinitiation or
processor intervention. The data transfers occur
from the RKV11-D to the system memory by direct
memory access (DMA) and operate at maximum bus
bandwidth. The system can use either RK05J or
RKO5F disk drives and the controller can be mount-
ed in a standard 48.3 cm (19 in.) cabinet.

The RLV11 option interfaces the LSi-11 bus with an
RLO1 disk drive controller and an RLO1 disk drive
assembly. The controller can only be used in an
H9273-A type backplane which incorporates an LSI-
11 bus in slots A and B, with an interboard bus in
slots C and D. The controller can interface up to four
RLO1 disk drives for a complete system of 21M bytes
of storage. The RLO1 disk drive is a random access,
mass storage system that stores data in fixed length
blocks on a preformatted disk cartridge. Each drive
can store up to 5.24 million bytes and the complete
system can store upgo 21 million bytes. The RLV11
transfers data using direct memory access (DMA)
techniques; this allows data transfers without proc-
essor intervention and at busbandwidth speed.

The RXV11 option consists of an interface module,
cable assembly, and either a single or dual drive
RXO01 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 access
mass memory device that stores data in fixed-length
blocks on a preformatted, flexible diskette. Each
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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 module converts the RX02 I/0 bus to
the LSI-11 bus structure. It controls the RX02 inter-
rupts to the processor, decodes device addresses
for register selection, and handles the data inter-
change between the RX02 and the processor via
DMA transfers. Power for the interface module is
supplied by the LSI-11 bus.

The TUS8 is a low-cost intelligent mass memory de-
vice that offers random access to block-formatted
data on pocket-size cartridge media. It is ideal as a
small computer systems device, as inexpensive ar-
chive mass storage, or as a software update distribu-
tion medium. A dual drive TU58 offers 512 Kb of
storage space, making it one of the lowest cost com-
plete mass storage subsystems available. For
mounting flexibility, the TU58 is offered both as a
component level subsystem and as a fully powered
5%2" rack-mount subsystem.

The VK170 module forms an integral part of a termi-
nal. The module accepts serial ASCIl encoded data
to be stored in a refresh memory to generate a dis-
play for a video monitor. The VK170 also accepts
parallel data from a keyboard (on strobe demand) to
generate serial ASCIl output. The VK170 is an ex-
tended-length, double-height, single-width board.
Mounting holes are provided for stand-off mounting
via handle rivets and two holes located near the
module fingers.

13
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Backplanes
The four backplane options available for the LSI-11 bus are presented
in the following paragraphs.

H9270 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.

H9273-A 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.A ccepts dou-
ble-height or quad-height modules.

H9281 A 2-slot backplane availabie in 4-, 8-, or 12-slot op-
tions. Accepts double-height moduies only.

DDV11-B 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 unbussed
except for +5V and ground. Accepts 18 double-
height or 9 quad-height modules or combinations of
both.

Enclosures

H909-C A 13.3cm (5.25in.) high, 48.3 cm (19 in.) wide enclo-
sure which can be mounted in a 48.3 cm (19 in.) rack
or as a stand-alone. Accommodates the DDV11-B
backplane or a 9 X 6 system mounting unit or
houses non-standard mounting arrangement. In-
cludes cooling fan, cord guide, cable restraints, front
bezel, and connector block.

BA11-M A 8.9cm (3.5in.) high,48.3cm (19in.) wide expan-
sion box which can be mounted in 48.3cm (19in.)
rack. Includes H9270 backplane, H780 power sup-
ply, blank front panel or bezel, and cooling fan.

BA11-N A 13.2cm (5.19in.) high, 48.3 cm (19 in.) wide
mounting box which can be mounted in a 48.3 cm
(19in.) rack. Includes H9273-A backplane, H786
power supply, H403-A ac input panel, blank front
panel or bezel, and cooling fan.

14
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Cabinets
H984-B

H9800-A

Power Supplies
H780

INTRODUCTION

The BA11-VA Is a small form-factor package provid-
ing 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 prod-
ucts, allows LSI-11 microcomputer applications to
be implemented within a space smaller than that re-
quired for many 8-bit systems.

A low-profile cabinet with four casters. Provides
mounting space for standard 48.3 cm (19 in.) panels
and enclosures in rack at front or rear. Includes dis-
tribution panel (115 Vac, 230 Vac)

A low-profile system desk with casters. Provides
mounting space for standard 48.3 cm (19 in.) panels
and enclosures. Includes distribution panel (115
Vac, 230 Vac)

Provides +5V +4%, 18 A (max) and +12V + 3%, 3.5
A (max) at 110 Vac and features line-time clock, and
power-fail/automatic restart. Available primary
power of 115 or 230 Vac and with or without master
and slave console.

Cables and Connectors

Various preassembled cables in different lengths are
available for use with interface and communications
options. See Appendix C 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.
wWo511

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.

15
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Power and ground connections are
V—AAZ2, BA2, CA2, DA2
GND—AT1,BT1,CT1,DT1, AC2, BC2, CC2,
DC2

wo514 Same as W9511 except with 58 pre-mount-
ed DIP sockets.
Power and ground connections are the
same as W9511
w9512 Double-height, extended-length, single-
width module with Flip-Chip handle. No DIP
sockets included. One 40-pin male connec-
tor premounted on board.
Power and ground connections are
GND—AT1,BT1,AC2,BC2
w9515 Same as W9512 except with 25 pre-mount-
ed DIP sockets. )
Power and ground connections are the
same as W9512
Integrated Circuits
DCK11-AA, - The DCK11-AA and -AC CHIPKITs provide the logic
AC necessary for a program transfer interface to the
LSI-11 bus. The DCK11-AA kit contains one DC003
Interrupt Chip, one DC004 Protocol Chip, and four
DCO005 Transceiver/Address Decoder/Vector Select
Chips. The DCK11-AC kit contains previous chips
plus one W9512 double-height, extended length,
high-density wire-wrappable module and one
BCO07D-10 ten-foot, 40-connector plug-in cable.
DCK11-AB, - The DCK11-AB and -AD CHIPKITs provide the logic
AD necessary for a Direct Memory Access (DMA) inter-

face to the L.SI-11 bus. The DCK11-AB. The DCK11-
AB kit contains one DC003 Interrupt Chip, one

,DC004 Protocol Chip, four DC005 Transceiv-

er/Address Decoder/Vector Select Chips, two
DC006 Word Count/Bus Address Chips, and one
DC010 DMA Control Chip. The DCK11-AD kit con-
tains the previous chips plus one W9512 double-
height, extended-length, high-density wire-wrappa-

16.
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ble module and one BC07D-10 ten-foot, 40-connec-
tor plug-in cable. DMA applications use the same
chips as program control interfaces, plus two
DCO006s for word or byte address counters and a
DC010 DMA bus control IC.

Miscellaneous Options

BDV11

KPV11-A, -B,
-C

REV11-A,-C

TEV11

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

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 I/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” except that it pro-
vides 220-ohm termination circuits. The module can
be installed on any backplane or remotely installed
via an optional cable.

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 provides
120-ohm bus termination circuits.

17
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Table1 Module Specifications

Option Module Power Requirements Bus Loads*
Desig. No(s). Description + 5V +12v
+5% +3% AC(Max) DC Size
AAV11-A A6001 4-channel, 12-bit 1.5A 04A 1.9 1 Quad
D/A converter
ADV11-A AQ12 16-channel, 12-bit 20A 0.45A 3.25 1 Quad
A/D converter E
BDV11 M8012 Bootstrap, 16A 0.07A 2.0 1 Quad -]
terminator, 1]
diagnostic 8
DDV11-B 6 X 9 backplane 6.4 0 c
DLV11 M79840 Asynchronous serial 1.0A 0.18A 25 1 Double O
line interface j
DLV11-E M8017 Asynchronous line 1.0A 0.18A 1.6 1 Double g
interface
DLV11-F M8028 Asynchronous line 1.0A 0.18A 2.2 1 Double
Interface
DLV11-J M8043 4 asynchronous 1.0A 0.25A 1 1 Double

serial interfaces

* These ac load figures were measured using standard TDR (time domain reflectometry) techniques. The conversion factor is 9.35 pF/ac
load. These numbers are nominal values which will tend to vary from module to module due to normal tolerances of components used in
the manufacturing of the product.
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Table1 Module Specifications

Option Module Power Requirements Bus Loads*

Desig. No(s). Description +5V +12V
+5% +3% AC(Max) DC Size
DRV11 M7941 Parallel line unit 0.9A - 14 1 Double
interface -
DRV11-8 M7950 DMA interface 1.9A - 3.3 1 Quad El
DRV11-J M8049 64-line parallel /0 1.6A 1.8A 2.0 1 Double e |
DRV11-P M7948 Foundation 1.0A - 2.1 1 Quad 8
module + user logic c
DUV11 M7951 Synchronous serlal 0.86 A 0.32 1.00 1 Quad . 2
line interface -
DzZV11 M7957 Asynchronous 1.15A 0.39A 3.95 1 Quad g
line interface
H9270 4 X 4 backplane 5.1 0
H9273 4 X 9 backplane 2.6 0
H9281A 2 X 4 backplane 13 0
H9281B 2 X 8 backplane 24 0

* These ac load figures were measured using standard TDR (time domain reflectometry) techniques. The conversion factor is 9.35 pF/ac
load. These numbers are nominal values which will tend to vary from module to module due to normal tolerances of components used in
the manufacturing of the product.
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Table1 Module Specifications

Option Module Power Requirements Bus Loads*
Deslg. No(s). Description +5V + 12V
+5% +3% AC(Max) DC Size
H9281C 2 X 12 backplane 3.6 0
IBV11-A M7954 Instrument bus 0.8 A — 1.9 1 Double
interface E
KD11-F M7264 LSI-11 CPU with 1.8A 0.8A 24 1 Quad = |
4K RAM ' 3
KD11-H M7264-YA . LSI-11CPU 1.6A 0.25A 2.4 1 Quad o
without RAM c
KD11-HA M7270 LSI-11/2CPU 1.0A 0.22A 17 1 Double 3
KDF-11 M8186 LSI-11/23 CPU 2.0A 0.2A 2.0 1 Double 6
KPV1i1-A M8016 Power-fail/line- 0.56 A — 1.63 1 Double b4
time clock
KPV11-B M8016-YB  Power-fail/line- 0.56 A — 1.63 1 Double
time clock/120 Q

bus terminator

* These ac load figures were measured using standard TDR (time domain reflectometry) techniques. The conversion factor is 9.35 pF/ac
load. These numbers are nominal values which will tend to vary from module to module due to normal tolerances of components used in
the manufacturing of the product.
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Table1 Module Specifications

Option * Module Power Requirements Bus Loads*
Desig. No(s). Description + 5V +12V
+5% +3% AC(Max) DC Size
KPV11-C M8016-YC  Power-fail/line- 0.56 A - 1.63 1 Double
: time clock/220 @ ’
bus terminator
KUV-11 M8018 WCS module 3.0A 1 Quad -
KWV11-A M7952 Programmable 1.75A 0.01A 3.4 1 Quad E
real-time clock X
LAV11 M7949 LA180 line printer 08A - 1.8 1 Double 8
interface cC
LPV11 M8027 LA180/LPO5 08A - 1.4 1 Double 2
printer interface 6
MMV11-A G653 4K X 16 core 1.91 1 2 Quads 2
memory
(standby current) 3.0A 0.2A
(operating current) 7.0A 06A
MRV11-AA M7942 4K X 16 read-only 0.4 AA - 1.8 1 Double
memory (less
PROM integrated
circuits)

* These ac load figures were measured using standard TDR (time domain reflectometry) techniques. The conversion factor is 9.35 pF/ac
load. These numbers are nominal values which will tend to vary from module to module due to normal tolerances of components used in
the manufacturing of the product.
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Table1 Module Specifications

Option Module Power Requirements Bus Loads*
Desig. No(s). Description + 5V +12v
+5% +3% AC(Max) DC Size
(with32512X 4 28A
PROM integrated
circuts) -
(MRV11-AC) b4
MRV11-BA M8021 UV PROM- 0.58 A 0.34A 2.8 1 Double g
RAM (less PROM (o]
integrated circuits) O
(with8 1K X 8 0.62A 05A S
PROM integrated -
circuits) -
(MRV11-BC) g
MRV11-C M8048 PROM/ROM module  0.8A 2.0 1 Double
MSVi1-B M7944 4K X 16 read/write 0.6A 054 A 1.9 1 Double
MOS memory
MSV11-CD M7955-YD 16K X 16 read/write 1.1A 0.54 A 2.3 1 Quad
MOS memory

* These ac load figures were measured using standard TDR (time domain reflectometry) techniques. The conversion factor is 9.35 pF/ac
load. These numbers are nominal values which will tend to vary from module to module due to normal tolerances of components used in
the manufacturing of the product.
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Table 1 Module Specifications

Option Module Power Requirements ' Bus Loads*

Desig. No(s). Description + 5V +12v
+5% +3% AC(Max) DC Size
MSV11-D M8044 4K/16K/32K 1.7A 034 A 20 1 Double
MOS memory
MSV11-E M8045 4K/16K/32K 20A 041A 20 1 Double E
MOS memory e |
MXV11-A M8047 Multifunction module  1.2A 0.1A 2.0 2 Double 3
REV11-A M9400-YA 120 Q terminator, 16A —_ 2.2 1 Double =)
DMA refresh, c
bootstrap ROM 2
REV11-C M9400-YC DMA refresh, 16A - 2.2 1 Double 6
bootstrap 2
RKV11-D M7269 LSI-11 Bus control 18A — 1.9 1 Double
for RKV11-D
RLV11 M8013 RLO1 disk 6.5A 1.0A 3.2 1 2 Quads
M8014 drive

* These ac load figures were measured using standard TDR (time domain reflectometry) techniques. The conversion factor is 9.35 pF/ac
load. These numbers are nominal values which will tend to vary from modute to module due to normal tolerances of components used in
the manufacturing of the product.
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Table 1 Module Specifications

Option Module Power Requirements Bus Loads*
Desig. No(s). Description + 5V + 12V
+5% +3% AC(Max) DC Size
RXV11 M7946 RX01 interface 15A — 1.8 1 Double
RXV21 N8029 Double density 1.1A 2.0 1 Doublel
floppy interface E
TEV11 M@400-YB 120 Q terminator 05A - 0 0 Double -]
TUS8 Serial/cartridge 0.75 1.2A max g
cassette Appr. o
VK170 CAM7142 Serial video module 1.2A 0.15 Double S
=
o
Z

* These ac load figures were measured using standard TDR (time domain reflectometry) techniques. The conversion factor is 9.35 pF/ac
load. These numbers are nominal values which will tend to vary from module to module due to normal tolerances of components used in
the manufacturing of the product.



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.

25
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INTRODUCTION

Control and Status Registers

The general form for the control and status registers, shown in Figure
2, does not necessarily apply to every device, but is presented as a
guide.

15 12 11 10 8 7 6 b 4 3 1 0
l 1 1 1 ] 1 ] 1
H__J \W_J
ERRORS UNIT SELECT MEMORY DEVICE
EXTENSION FUNCTION
DONE ENABLE
OR
READY
INTERRUPT
BUSY ENABLE

Figure2 Control and Status Registers

Many devices require less than 16 status bits. Other devices will re-
quire more than 16 and therefore will require additional status and
control registers.

The bits in the control and status registers are generally assigned as
described below.

Typical Control and Status Register

Bit: 15-12 Name: Errors

Function: Generally there is an individual bit associated with a spe-
cific error. When more bits are required for errors, they can be ob-
tained by expanding the error section in the word or by using another
status word. Generally bit 15 is the inclusive-OR of all other error bits
(If there is more than one). Most devices will have “hard” error
conditions which will cause an interrupt if bit 6 is set. Some may aiso
have “soft” errors (warning types) which do not cause immediate inter-
rupts.

Bit: 11 Name: Busy
Function: Set to indicate that a device operation is being performed.

Bit: 10-8 Name: Unit Select

Function: Some peripheral systems have more than one device per
control. For example, a disk system can have multiple surfaces per
control and an analog-to-digital converter can have mulitiple channels.
The unit bits select the proper surface or channel.
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Bit: 7 Name: Done or Ready

Function: The register can contain a done bit, a ready bit or a done-
busy pair of bits, depending on the device. These bits are set and
cleared by the peripheral device, but may be queried by the program
to determine the availability of the device.

Bit: 6 Name: Interrupt Enable
Function: Set by the program to allow an interrupt to occur as a
result of a function done or error condition.

Bit: 5-4 Name: Memory Extension
Function: Allows devices to use a full 18 bits to specify addresses on
the bus.

Bit: 3-1  Name: Device Function Bits
Function: Specifies the operation that a device is to perform.

Bit: 0 Name: Enable
Function: Set to enable the device to perform an operation.

Data Buffer Registers :
The data buffer register is used for temporarily storing data to be
transferred into or out of the computer. The number and type of data
registers is a function of the device.

Interrupts

Interrupts are requests, made by peripheral devices, which cause the
processor to temporarily suspend its present (background) program
execution to service the requesting device. Each device that is capable
of requesting an interrupt must have a user-supplied service routine
that is automatically entered when the processor acknowledges the
interrupt request. After completing the service routine execution, pro-
gram control is returned to the interrupted program. This type of oper-
ation is especially useful for the slower peripheral devices.

A device can interrupt the processor only when interrupts are enabled
and services interrupts only when the appropriate PSW bits are -
cleared. Device priority is highest for devices electrically closest to the
processor along the bus. Any device that can interrupt the processor
can also interrupt the service routine execution of a lower priority
device if the processor’s priority is set during the execution; hence,
interrupt nesting to any level is possible with this interrupt structure.
Each device normally contains a control/status register (CSR), which
includes an interrupt enabie bit. A program must set this bit before an
inferrupt can be generated by the device.

28
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Interrupt Vectors

An interrupt vector associated with each device is hard-wired into the
devices's interface/control logic. This vector is an address pointer that
is transmitted to the processor duing the interrupt acknowledge se-
quence, allowing automatic entry into the service routine without de-
vice polling. The user can select an interrupt vector from the range of
000 to 777 for any interrupting options. The module can be configured
to the desired interrupt vector by either selecting dip switches, con-
necting or disconnecting wire-wrap pins, or installing or removing
wired jumpers on the module.

29
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AAV11-A

AAV11-A 4-CHANNEL 12-BIT D/A CONVERTER

GENERAL

The AAV11-A is a 4-channel, digital-to-analog converter module that
includes control and interfacing circuits. It has four D/A converters, a
dc-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 resolution.
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 register are
brought out to the I/0 connector so they can be used as a 4-bit digital
output register. .

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

e Jumper-selected output ranges and modes:
Bipolar mode £2.56 V, £5.12V, £10.24 V
Unipolar mode O to +5.12V,0to +10.24 V

e One part in 4096 resolution
o 5V/us slew rate
e 15 mA drive capability per converter

SPECIFICATIONS
Identification A6001
Size Quad
Power +5.0Vdc +5% at 1.5 A
+12.0Vdc +3% at0.4 A
Bus loads
AC 1.9
DC 1.0
Resolution 12-bits (1 part in 4096)
Number of D/A converters 4
Digital input 12-bits (binary encoded for uni-
polar mode; offset binary encod-
ed for bipolar mode)
Digital storage Read/write, word or byte opera-

ble, single buffered
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Output voltage range
(jumper selected)

Gain accuracy

Gain temperature coefficient
Offset temperature coefficient

Linearity
Differential linearity
Output impedance
Drive capability
Slewing speed

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

DESCRIPTION
General

+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.

+% LSB max, non-linearity
+V2 LSB, monotonic

1 ohm max.

+6 mA max. per converter
S5V/us

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

The function of the AAV11-A module is to convert digital data input to
an analog dc voltage output that is representative of the input. This is
accomplished by the bus interface, the control logic, and the D/A
converter functions as shown in Figure 1.
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AAV11-A

Bus Interface

The logic associated with the bus interface section maintains proper
communications protocol between the processor LSI-11 bus and the
AAV11-A. This logic generates and monitors the bus signals involved
during data transfers between the processor and the AAV11-A,
permitting the AAV11-A to recognize when it is being addressed by
the processor (address defined by setting on the address switch pack)
to accept input data from the processor, and to output data to the
processor.

Control Logic

The AAV11-A has no control/status register. The four digital-to-analog
converters continually generate voltages at their outputs that reflect
whatever digital values have most recently been written into their re-
spective holding registers. The role of the control logic is to make the
necessary discriminations between requests to change the state of the
holding registers (i.e., to write into the holding registers), and requests
to put the holding register contents onto the BD lines where they can
be picked up through the transceivers by the processor.

DACs 0, 1,and 2

Digital-to-analog conversion functions are performed in each of the

four AAV11-A channels by identical circuits:

¢ a holding register which stores the digital value output by the proc-
essor

e a digital-to-analog converter (DAC) proper which generates a cur-
rent that is a function of the holding register value and of the
mode/level jumper conditions

e an amplifier that translates the current into a proportional voltage,
provides a low output impedance for the channel, and permits ad-
Justment of signal offset

DAC3

DAC 3 is identical to DACs 0, 1, and 2 except that holding register bits
0-3 are routed to the 1/0 connector as well as to the DAC. This ar-
rangement permits these bits to be routed to external equipment that
requires binary control signals at programmabile intervals. Control da-
ta in these bit positions affects any 12-bit D/A conversion that they
coincide with, but since they involve the least significant bits of the
word, the worst-case error is less than 0.5 percent. Consequently,
DAC 3 can be used as a 12-bit DAC or as an 8-bit DAC plus four output
bits for CRT Intensify, Store, Non-Store, Erase, etc.
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CONFIGURATION

General

This section describes how the user can configure the module to func-
tion within his 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
removing 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
registers are listed in Table 1.

Table1 Standard Addresses

Register Mnemonic Address
Holding 0 DACO 170440
Holding 1 DAC 1 170442
Holding 2 DAC2 170444
Holding 3 DAC 3 170446
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Figure2 AAV11-A Connectors, Switches, and Jumpers

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 3. 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 2. Four
jumpers are associated with each D/A converter. The module is facto-
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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.

8DAL
[ 1] 1 ]oloflofrlofo] 1] oo BIT
POSITION
STANDARD ADDRESS
CONFIGURATION OFF OFF OFF ON OFF OFF ON OFF OFF
(170440 L
3
:::mssssmrcn slelslelslalslz]s

LOGICAL 1= 0N

LOGICAL 0= OFF MR-0855

Figure3 Address Selection

Table 2 DAC Word Formats

Bit DACO0,DAC1,DAC2 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
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Table3 Jumper Configurations for Bipolar Operation

+2.56V +5.12V +10.24V

DAC1

w3 IN IN ouTt

w4 ouT ouT IN

W5 IN ouT ouT

W6 IN IN IN
DAC2

w7 IN IN ouT

w8 ouT ouT IN

w9 IN ouT ouTt

W10 IN IN IN
DAC3

w11 IN IN ouT

wi2 ouT out IN

W13 IN out ouT

W14 IN IN IN
DAC4

W15 IN IN our

W16 ouT ouT IN

w17 IN ouT ouT

wis8 IN IN IN
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Table4 Jumper Configurations for Unipolar Operation

o0vV—+5.12V 0vV—+10.24V

DAC1

W3 IN IN

W4 ouT ouT

W5 IN ouT

W6 ouT ouTt
DAC2

W7 IN IN

w8 ouTt ouT

w9 IN ouTt

w10 ouTt ouT
DAC3

W11 IN IN

W12 ouT out

W13 IN ouT

W14 ouT ouTt
DAC4

W15 IN IN

w16 ouT out

W17 IN ouT

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 ad-
versely affect oscilloscope control resuits as well as ADV11-A opera-
tion (if used). If the oscilloscope is floating, its ground should be con-
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nected to the AAV11-A logic ground, J1 pins L, N, R, or T. Note that the
foregoing assumes that the LSI-11 power suppy ground is connected
to power line (earth) ground. If continuity checks reveal no such
connection, attach a length of 12-gauge wire between the power sup-
ply ground and a convenient point associated with earth ground.

Oscilloscope X and Y inputs may be either differential or single-ended.
Differential inputs should be driven as in Figure 4.

J4

1 BN o—1P

¢ o

€ F

M,

K L
" N e

P R

s T

U v

W X

Y b4

AR o— 188

ce 2 air 300t
EE ¥ @i 2 our
DAC | HQ GND 2 gir 4 our
DAC 2 HQ GND LS LL BIT O OUT
DAC 3 HO GND ! M pac 3 our
sy TEST L o o—{RR pac 2 our
+15v TEST ss LS DAC 1 OUT
DAC 0 HO GND LU LAJ DAC O OuT

BOARD SIDE
n-a31a

Figure4 Connection to Oscilloscope with Differential Input

When oscilloscopes with single-ended inputs are involved, the AAV11-
A analog grounds (pins UU and HH) are not used. The return path for
X and Y signal currents is through ground for a grounded oscilloscope
or through logic ground (pins L, N, R, or T) for a floating oscilloscope.
Since the grounded, single-ended oscilloscope receives an input volt-
age which is the sum of the AAV11-A output and the ground difference
voltage between the oscilloscope and the AAV11-A, noise and line
frequency errors may be minlmi;ed by plugging the oscilloscope into
an ac socket as close as possible to the LSI-11 system. Running sin-
gle-ended oscilloscopes in a floating configuration will eliminate noise
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and line frequency errors which are due to ground voltage differences.

The effect of magnetic coupling into the oscilloscope input lines can
be minimized for a differential-input oscilloscope by running the
AAV11-A output and its return line in a twisted pair. No benefit is
derived from a twisted pair with a single-ended oscilioscope input.

The effect of electrostatic coupling into the oscilloscope input lines
can be minimized by shielding the input lines from AAV11-A to the
oscilloscope. The shield should be connected to ground at one end
only. Grounding the shield at both ends may result in a ground loop
which will adversely affect oscilloscope control resuits and any
ADV11-A A/D operations (if used).

Careful selection of cabling is essential. The D/A outputs are capable
of driving a maximum of 5000 pF. Output impedance is 1 ohm. Output
current limitis 5 mA.

Optional Equipment

Figure 5 illustrates the H854 40-pin connector pin assignments for
user outputs. These pins may be connected to the optional H322 dis-
tribution panel for convenient user access via an optional BCO8R
cable. The optional BCO4Z is available for applications which require
an unterminated cable. One end is terminated with an H856 connector
that mates with the H854 connector on the AAV11-A module. The
other end is an unterminated ribbon cable. The BCO42Z cable is avail-
able in lengths of 3.05 m (10 ft), 4.5 m (15 ft), and 7.6 m (25 ft).

PROGRAMMING :

All four DAC holding registers are automatically set to zero on system
initialization. This produces —5.12 V at the DAC outputs when the
mode/level jumpers are connected as delivered from the factory. Any
holding register value remains in effect until changed by the processor
in response to a program instruction. Coding to the D/A converters is
offset binary for bipolar operation and straight binary for unipolar
operation. Offset binary defines 0 as maximum negative voltage, mid-
point (i.e., 4000, for the 12-bit AAV11-A) as 0 V, and all 1s (7777;) as
maximum positive voltage. These relationships are illustrated in Table
5.
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AAVII-A OSCILLOSCOPE
. X OUT (PIN VV) P Pant x IN
£ ANALOG GROUND (PIN UU) P R X RETURN
w ot S
£ L
o
o
E .
s Y OUT(PIN TT) £ PN Y IN
4 ANALOG GROUND (PIN H H) i s Y _RETURN

n-as2y

Figure5 J1 Connector Pin Assignments

Table5 AAV11-A Digital-to-Analog Conversions*

Bipolar " Unipolar
Input 0Vto oVto
Code +256V +5.12V  +£10.24V +5.12V  +10.24V
(octal) (volts) (volts) (volts) (volts) (volts)
0000 —-2.56 -5.12 -10.24 +0.0 +0.0
0001 —2.55875 -5.1175 -10.235 +0.00125 +0.025
3777** —-0.00125 -0.0025 -0.005 +2.55875 +5.1175
4000 0.0 0.0 0.0 +2.56 +5.12
4001 +0.00125 +0.0025 +0.005 +2.56125 +5.1225
7777 +2.55875 +5.1175 +10.235 +5.11875 +10.2375

* Offset binary for bipolar, straight binary for unipolar operating modes. Con-
versions may be made between 2's complement signed binary and offset
binary numbers by subtracting 4000, from the 2's complement number {or
adding 4000, to the offset binary number) and using only the low-order 12
bits of the resuit.

** Note that in all ranges, actual maximum positive voltage outputis 1 LSB less
than nominal maximum positive output.
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ADV11-A ANALOG TO DIGITAL CONVERTER

GENERAL

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 self-testing on any channel
input: two dc levels and one bipolar triangular waveform. This output
can be used with DIGITAL diagnostic software to produce a data base
for extremely thorough and precise analog linearity testing.

FEATURES

¢ 16-channel multiplexer

e Sample-and-hold functions
e Auto-zeroing technique

e Buffered data output

e Self-testing 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

Fusible resistor guaranteed to
open at +85 V within 6.25 sec-
onds. Guaranteed not to open
from —25 V to +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 —4 Vto +9 V at the 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=-6.8mAat0Vv
High=+13mAat+5V

400 ns maximum

12 bits, binary weighted (2.5 mV
nominal)

Paralilel offset binary, right
justified

Input Voltage
+FS-1LSB

0

-FS

Output Code
7777

4000

0



Vernier D/A
Resolution

Format

Performance
Gain error

Offset error
Differential linearity

Integral linearity

Temperature coefficients

Noise

Warm-up time

Timing
External start

ADV11-A

47

(FS =5.12V;
1LSB =2.5mV)

8 bits, binary weighted
Offset binary encoded

Input Code

377

200

0

Approximate

Offset Voltage
+2.5A/DLSB (+6.4 mV)
(4]

—-2.5A/DLSB(—6.4 mV)

Adjustable to zero
Adjustable to zero

No skipped states; no states wid-
er than 2 LSB. 99% of state
widths +12 LSB

41 LSB, maximum non-linearity
(referenced to end points)

Gain = 6 PPM per °C
Linearity = 2 PPM of full-scale
range per °C

Offset = 7.5 PPM of full-scale
range per °C

Module = 0.4 LSB rms; 2LSB
peak

System = 0.5LSBrms; 2LSB
peak

5 minutes, maximum

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 9 us

(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 dclevel, +4.4 V (£15%)

2. Negative dc level, —4.4 V (+15%)

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

DESCRIPTION

General

The function of the ADV11-A module is to convert analog input data to
a 12-bit digital word that is representative of the input. This is done by
the channel selection, control logic, A/D converter, and bus interface
functions as shown in Figure 1.
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Channel Selection

Channel selection is accomplished under program control by two 8-
channel multiplexers and is a function of the data asserted in bits 8
through 11 of the control/status register (CSR). Each of the 16 analog
input channels is routed to the single output channel through a MOS
field-effect transistor which acts as a normally open switch. During the
sample interval, the data pattern in CSR bits 8 through 11 selects one
of these transistors and causes it to change from a condition of nearly
infinite resistance (1 GQ or more) to one of very low resistance (1000 Q
or less). Since in the selected state the transistor conducts current
within the £5.12 V limits equally well in both directions, it now func-
tions as a closed switch, effectively routing to the output line whatever
analog signal is connected to its input.

A/D Conversion
A/D conversion can be initiated in three ways: under program control,
on overflow from the KWV11-A real-time clock, or on external input.
When a conversion is completed or the control program writes a multi-
plexer address into the CSR, the control logic initiates the transition
interval, a delay of about 9 us to allow the multiplexer adequate selec-
tion and settling time and to permit a valid representation of the signal
level to be established in the sample circuit. If no A/D start signal has
occurred by the time the transition interval has elapsed, the sample
circuit merely follows the signal transmitted to it through the selected
multiplexer channel and waits for an A/D start signal. When an A/D
start signal occurs—or at the end of the transition interval if A/D start
was previously generated by the writing of the CSR GO bit—the
sample-and-hold circuits are switched to hold, sustaining the sampied
. level for the next step. The multiplexer output is then set to its hold
condition, i.e., to ground if the single-ended (SE) input is set low for
single-ended measurement, or to the second differential input (return
line) if the SE input is not set low. Note that if an external or clock start
signal occurs during the transition interval, conversion starts immedi-
ately, without waiting for the transition interval to be completed. Bit 15
of the CSR (A/D Error) is set, however, and an interrupt is generated if
Bit 14 (Error Interrupt Enable) is set—alerting the program that con-
versions are occurring too fast and are consequently liable to be in
error.

Under normal conditions, it is not until the transition interval is com-
plete that the measurement process is begun. The successive approx-
imation register (SAR) is cycled through 13 states by the clock. In the
first state, its output code involves only the most significant bit (MSB)
of the 12-bit SAR word. This output code causes the feedback digital-
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to-analog converter to generate an output equivalent to that produced
by the hold circuits in response to a sample voltage of 0. The digital-to-
analog converter output is summed with that produced by the hold
circuits and with that coming from the grounded multiplexer output
(single-ended mode) or from the second differential input (quasi-
differential mode). If the current from the summing mode is negative,
the first approximation was too low, and the comparator signals the
SAR to maintain the state of bit 11 and repeat the process with bit 10. If
the current from the summing mode is positive, the first approximation
is too high, and the SAR changes the state of bit 11 before cycling to
the second approximation. This process continues until all 12 bits in
the word have been set, tested, and if necessary, changed. The 13th
state (end of conversion, or EOC) indicates that the measurement is
complete and that the SAR now contains an offset binary equivalent of
the sampled voltage and may therefore be transferred to the proces-
sor. EOC causes the sample-and-hold circuits to return to the sample
mode and to reset the SAR, preventing further SAR activity until the
occurrence of the next hold condition.

Note that because the reference point against which the sample volt-
age is compared is at the output of the multiplexer itself rather than
internal to the sample-and-hold circuits, all offset voltages generated
by the intervening circuits are common to both sampie-and-hold con-
ditions and are therefore cancelled out of any measurement. In single-
ended mode, grounding the multiplexer output (and thereby esta-
blishing this reference point) is identified as auto-zeroing the
converter.

Bus Interface

In addition to stopping the SAR clock and re-establishing the sample
mode, the end-of-conversion signal also initiates the process that
causes the SAR data to be transferred to the processor. Since this
operation takes a finite amount of time which would interfere with
subsequent measuring operations, the SAR data is first transferred to
a holding device, the data buffer register (DBR) where it will remain
until the processor can be notified to read the conversion data for
processing. In the meantime, the channel selection and A/D conver-
sion circuits can begin the next measurement as dictated by con-
trol/status register (CSR) bit conditions controlled by the processor.

Included in the ADV11-A interface is an extension of the DBR de-
signed to accept 8-bit write information from the bus data/address
lines. This buffer permits programmed setting of the vernier DAC. Aiso
included are transceivers that connect the bidirectional bus data lines
to the LSI-11 bus data/address lines. Associated with these transceiv-
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ers are switches that let device and vector addresses be assigned to
any given ADV11-A,

Control Logic

As the above discussion suggests, a large number of signals must be
precisely orchestrated each time the ADV11-A executes a conversion.
The control logic contains an assortment of gates, latches, read-only
memories, and timing circuits designed to ensure that 1) multiplexer
channels are properly selected, 2) sample durations are of adequate
length, 3) conversions are not initiated during uncompleted previous
conversions. In general, the user need not attend to any but the most
elementary details of the conversion process, e.g., making necessary
connections to the system and writing control programs that make
appropriate use of the CSR.

CONFIGURATION

General

This section describes how the user can configure the module to
function within his system by setting dip switches S1 and S2 (Figure 2)
to obtain the desired device address and interrupt vector as described
in Table 1. When a jumper wire is inserted between the lugs, the
single-ended inputs (16 channels) are selected. When the wire is re-
moved, quasi-differential inputs are selected.
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Figure2 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 3. Switch S2 is factory-set at 170400, which is the recommend-
ed address as illustrated in Figure 3. The functions of the CSR bits are
shown in Figure 4 and detailed in Table 2.

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

L l‘I1I1I°I°I°I1I°|°I°I°I°I°I°l°l

STANDARD ADDRESS {
CONFIGURATION, OFF OFF OFF ON OFF OFF OFF OFF OFF OFF

S I

CSR ADDRESS
SWITCH (52) Lo [ 'I

MR 0Bsa

Figure3 CSR Switch-Selectable Address

1" 10 09 08 o7 06 05 04 03

EREEDEEOEEEN Tl"'lﬁ

ERR NOT USED MUX ADDRESS DONE EX MAINT AD
READ/WRITE INT ENA START START
EN.
ERR AD CLK 1D NOT USED
INT ENA DONE SgszT ENA

n-azn

Figure4 CSR Bit Format
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Table2 CSR BitFunctions

Bit

Description

15

14

13-12
11-8

A/D Error (Read/Write)—The A/D Error bit may be

program set or cleared and is cleared by asserting

BINIT L. It is set by any of the following conditions:

1. Attempting an external or clock start during the
transition interval.

2. Attempting any start during a conversion in
progress.

3. Failing to read the result of a previous conver-
sion before the end of the current conversion.

Error Interrupt Enable (Read/Write)—When set, en-
ables a program interrupt upon an error condition
(A/D Error). Interrupt is generated whenever bits 14
and 15 are set, regardless of which was set first.

Not used.

Multiplexer Address (Read/Write)—Contains the
number of the current analog input channel being
addressed.

A/D Done (Read)—Set at the completion of a con-
version when the data buffer is updated. Cleared
when the data buffer is read by asserting BINIT L. If
enabled, interrupts are requested simultaneously by
both bits 7 and 15; bit 7 has the higher priority.

Done Interrupt Enable (Read/Write)—When set, en-
ables a program interrupt at the completion of a con-
version (A/D Done). Interrupt is generated when bit 7
and bit 6 are both set regardiess of sequence.

Clock Start Enable (Read/Write)—When set, en-
ables conversions to be initiated by an overflow from
the clock option.

External Start Enable (Read/Write)—When set,
enables conversions to be initiated by an external
signal or through a Schmitt trigger from the clock
option.
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Table 2 CSR Bit Functions (Cont)

Description

ID Enable (Read/Write)—When set, causes bit 12 of
the data buffer register to be loaded to 1 at the end
of any conversion.

Maintenance (Read/Write)—When set, loads all bits
of the converted data output equal to multiplexer
address LSB (bit 8) at the completion of the next
conversion. Cleared by asserting BINIT L. Used for
all 0Os-and all 1s = test of A/D conversion logic.

Not used

A/D Start (Read/Write)—Initiates a conversion when
set. Cleared at the completion of the conversion and
by asserting BINIT L.

The data buffer register (DBR) address will be the next even address
following the selected CSR address. This address has two separate
DBR registers: one read-only and the other write-only. The functions
of the register bits are shown in Figure 5 and described in Table 3.

VERNIER D/A (WRITE)
A

[o-] o8 o7 [+ 0s 04 03 02 ] 00

g
CONVERTED DATA (READ)
n-am2

Figure5 DBR Bit Format
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Table3 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.

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/A LSB = 1/50
A/D LSB). The hardware initializes this value to 200,
(mid-range). 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 2). 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 6. The error interrupt vector will be four
words higher than the A/D conversion complete interrupt vector.
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15 14 13 12 1110 05 04 03 02 01 00
[oTeLeTeoToTe " : I°l°|°l [ofo]e]
T
21(')‘:\:\;?(?5:,\%%:"0'? OFF OFF OFF OFF OFF
oo L]l

VECTOR
SWITCH l: 7 6 5 4 3 2 1 I
is1)

o

MA 0853

Figure 6 Interrupt Vector

Mode Control

The ADV11-A is equipped with the jumper lugs (Figure 2) that permit
changing the operating mode from quasi-differential (no connection)
to single-ended (jumper installed). The single-ended mode can also
be selected by connecting H854 connector pin C to logic ground. This
alternative is provided to permit convenient external mode selection in
installations that require frequent alteration between one mode and
the other.

Analog Input Interfacing

Single-Ended Mode — Singie-ended analog input signais for the
ADV11-A may be of two types, grounded and floating. A grounded
input is one whose level is referenced to the ground of the instrument
that is producing it, as illustrated in Figure 7. Since the instrument may
be located at a distance from the computer, there may be some volt-
age difference between the instrument ground and the computer
ground. The voltage seen by the ADV11-A will be the sum of the
undesired ground difference voltage and the desired instrument sig-
nal voltage. In cases where such differences are encountered, they
can be minimized by plugging the instrument into an ac outlet as close
as possible to that providing power to the computer. Do not run a wire
from user’s ground to the ADV11-A analog ground. Such a wire can
cause ground loop currents which affect results not only on the input
channel in question, but also on other channels.
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Figure 7 Single-Ended Input Referenced to User’s Ground

A floating input is one whose signal voltage is developed with respect
to-a point not connected to ground, as illustrated in Figure 8. The
identifying characteristic of a floating source is that connecting the
signal return to the ADV11-A ground does not result in a current path
between the ADV11-A ground and the instrument ground.

Note that the return of a floating input must be connected to one of the
ADV11-A’s analog ground terminals. Ground points may be shared
among channels, as illustrated by the battery-powered sources in the
figure.
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Figure 8 Floating ADV11-A Input Signals

Quasi-Differential Mode — The “quasi” prefix in “quasi-differential”
can best be explained by reviewing a true differential operation. A true
differential input involves two signal lines connected to a differential
amplifier so that the output of the device is a function of the instan-
taneous difference between the voltages on the two signal lines. One
advantage of such a configuration is illustrated in Figure 9.

Figure 9A assumes a single-ended generating device that produces a
signal, V4 with respect to its ground and is situated sufficiently far
enough away from the receiving device for a significant noise voltage,
V ., to be developed in the power distribution ground lines. The resuit
is that, at any given instant, the differential amplifier in the receiving
device sees both the signal voltage and the noise voltage. Its output,
V., is afunction of V4 + V, and is in error with respectto Vg alone.
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Figure 9 Single-Ended vs. True Differential Input Modes

Figure 9B illustrates the same device connected in true differential
mode. The same noise voltage exists in the power distribution ground
system, except the generating device ground is connected directly to
the negative input of the receiving differential amplifier. Because the
instantaneous noise voltage is common to both the + and — inputs, it
is cancelled out of the final amplifier output. V, now provides a valid
representation of V ¢ alone.

Figure 10 illustrates the ADV11-A operating in the quasi-differential
mode.

The major contrast between true differential operation as described
above and the operation of the ADV11-A in differential mode is that in
the latter, the two sides of the signal are not simultaneously input to a
differential amplifier. Rather, their difference is established by a se-
quential operation that first samples the voltage at one of the two
inputs and then, holding this value fixed, in effect subtracts it from the
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voltage at the second input. For near dc conditions, this procedure
produces a result like that of true differential operation (i.e., the output
is a function of the difference between the two input voltages, and
common mode voltages are cancelled out).

Because of a significant time lapse, however, between taking the sam-
ple and completing the final approximation, a possibility for error is
introduced by the ADV11-A that increases as a function of common
mode signal frequency. The result is that the common mode rejection
ratio, while essentially infinite at dc, rolls off for ac signals, and is about
40 dB at 60 Hz line frequency. Also, because the holding action of the
sample-and-hold circuit is, in effect, only on the first (non-inverting,
signal) input, but not on the second (inverting, return) input, the
voltage rate of change on the second input should be kept below 25
mV/rms. This is the siope that results in a quarter-LSB change during
the conversion interval. Such a rate of change corresponds to 125 mV
peak-to-peak at 60 Hz line frequency. This dynamic response differ-
ence between the two inputs requires distinguishing the ADV11-A’s
differential mode from true differential operation. Hence the term
“quasi-differential.”

GENERATING DEVICE

R SAMPLE 8 HOLD
SAR - 0ac COMPARATOR

o S

|
|
|
|
L1

DIGITIZED
N DATA (Vo)

J _______________ A —m —m o —— — ——
L cowpuTer GROUND

FOR dc CONDITIONS :
Vo VimVg rUVg V) -V, 1y,

FOR ac CONDITIONS :
Vo Yy =vy U ) e vy tty) 4 [ ety b-vatip)]

NOTE
Solid swich pasilions indicate sample state (1), dot1ed pasitions indicate hold stats (1)

Figure 10 ADV11-A Quasi-differential Mode
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Installation Precautions

As a preliminary step, confirm that the computer power supply ground
is connected to power line (earth) ground. If continuity checks reveal
no such connection, attach a length of 12-gauge wire between the
power supply ground and a convenient point associated with earth
ground.

Twisted Pair Input Lines — The effects of magnetic coupling on the
input signals may be reduced for floating single-ended or differential
inputs by twisting the signal and return lines in the input cable. If the
inductive pickup voltages of the two leads match, the net effect seen at
the ADV11-A input is zero. Use of twisted pairs has no effect with a
single-ended non-floating signal (referenced to ground at the instru-
ment end).

Shielded Input Lines — The effects of electrostatic coupling on the
input signals may be reduced by shielding the signal wires. This is
especially important if the instrument or transducer has high source
impedance. To prevent the shield from carrying current and thus de-
veloping ground loop voltages within the ADV11-A, connect it to
ground at the instrument end only.

Allowing for Input Settling with High Source Impedance — All solid-
state multiplexers inject a small amount of charge into their input lines
when changing channels. This causes a transient error voltage that is
discharged by the source impedance of the input signal. The ADV11-A
has this characteristic, and also injects a small charge into the select-
ed input line at the end of each conversion when the auto-zero switch
is turned off. After any channel change and after any conversion, the
ADV11-A’s control allows a 9-us interval (identified as the transition
interval) during which conversions cannot start without generating er-
ror conditions. Normally, this is sufficient time for the input transient to
settle out.

More time may be needed, however, when the multiplexer is switching
into an input channel with high source impedance, particularly when
large amounts of shunt capacitance exist in the interconnecting ca-
bles. Avoid products with source impedance/cable shunt capacitance
greater than 1 us whenever conversions are to be made at maximum
rate with less than 2 LSB error. This means that cable shunt capa-
citance for a 1000 Q source should not exceed 1000 pF (10° X 10™® =
107¢), that shunt capacitance for a 100 Q source should not exceed
0.01 pF (102 X 1078 = 107°), etc. Assuming twisted pair cable
capacitance of 50 pF/foot, these constraints translate into a maximum
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run of 20 feet from a 1000 2 souce, 200 feet from a 100 Q source, etc.
Note that these values are consistent with good practice for avoiding
noise pickup in long cable runs. Note also that settling errors can be
eliminated by increasing the time between conversions or incorporat-
ing a software delay between channel changes and program start
commands.

Connections
Figure 11 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 11.
The proper H856-t0-H856 cable is the BCO8R; The proper H856 to
prepared open-ended cable is the BCO4Z.

LOGIC GND % |
Al o

Gl EXT START L
SINGLE ENDED L—S}—o :
F _ ramp
ANALOG GNDJ, I H . _4.5v
[« L_cnwiz  -cho? cH X7
tasy Mo N _cH16  -cH 06 cH x6
d R_cuis  -cHos cH X5
ANALOG GND‘L S T _cHis  -cH 04 CH x4
v Y_cHO7  +CH O7 cH o7
w X_CcHOE +CH 06 cH 06
Y Z_CHOS +CH 05 cHOS
Al B8 _chos  +cH 04 cHoa
cc %0 chis  -cH 03 cH X3
EE FF_chiz  -cho2 cH x2
L] D H_chn -cH oo CH Xt
KK LY ciio  -cH o0 cH X0
Ll MY cho3  4ch 03 cH o3
-15v TEST ldd o— PR cuoz  +ch 02 cH 02
+15V TEST —%-—-c o—%:— CHOI  +CH Ot cHot
CHOO  +CH 00 cH 00
SINGLE  DIFFERENTIAL n322
ENDED NOMENCLATURE
BOARD SIDE

n-a170

Figure 11 ADV11-A 40-Pin Connector Pin Assignments

Distribution Panel — Figure 12 shows an H322 distribution panel that
is connected on the rear to the ADV11-A Berg connector and on the
front provides easily identifiable and conveniently accessible barrier
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strip connections for user apparatus. Each H322 accommodates two
ADV11-As or one ADV11-A and one other single-connector device.
Note that the H323-B potentiometer box may not be used with the
ADV11-A.

External and Clock Starts — The external start signal line, pin B of the
40-pin connector or TAB S (Figures 2 and 11), is a TTL-compatible
input that presents five unit loads (8.0 mA) to any driving output. Con-
versions start on the high-to-low transitions of this signal.

HaeRp

o

T

Figure 12 H322 Distribution Panel

In most cases, the external start signal will be produced by a grounded
(non-floating) puise generator or logic circuitry located in a grounded
instrument. The return path for the external start signal will be through
the power line ground system. For this reason, ground differences
between source and computer should be minimized to prevent spuri-
ous start pulses due to ground noise. in no case should a separate
return line be run between grounded source and the computer
ground. Only with floating devices should return lines be run between
source logic ground and logic ground pins on the ADV11-A 40-pin
connector. External devices that require buffering can be interfaced to
the ADV11-A through Schmitt trigger 1 of the KWV11-A clock (STI).
Connection is made by means of a DEC 70-10771 type jumper to TAB
S (Figure 2) of the ADV11-A.

Conversions that must be initiated by time intervals or on every nth
external event may be triggered from the KWV11-A through a DEC 70-
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10771 type jumper connected from the clock output tab (CLK) to the
ADV11-A clock overflow tab (C).

PROGRAMMING

The following programming example reads 100, A/D conversions
from channel 0 into locations 4000,—4 176, and halts.

START:; CLR
Moy
INC

Loore TSTR
BPL
NG
Hav

cap

BANE

HALT
ADSR1 170400
ADBR: 170402

JEND

QADSR
#4000,R0
RADSH

AADSR

Loae

@ADSPR
RACBR, (RD)+

R0, 84200

Loop

START

tCLEAR A/D STATLS REGISTER
$SE1 UP FIRST ADDRESS

ySTART A/0 CONVERSINON

JCHECK DONE FLAG

gAAIT UNTIL FLAG SET

) START NEXT CONVEFSTON#

s PLACE COMVERTED VALUE

sFROM A/D RUFFEKR INTO MEMORY
sLOCATION ALD SET UP “EXT
sLNCATION FOR TRANSFER#
JCHECK JIF 106 CCNVERSIONS
JHAVE BEEM DOME

10, GET NEXT CONVEPRSIUN
sDNME

sA/D0 STATUS REGISTEF ADDPFSS
yA/D BUFFER REGISTER ADCRESS

* Starting a subsequent conversion before moving data from a previous con-
version is recommended only with systems equipped with non-processor
memory refresh. Without this capability, data will be lost occasionally by
CPU memory refresh intervening between the INC and MOV commands. In
general, non-processor memory refresh is essential to realizing the full po-
tential of the ADV11-A.
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BA11-M EXPANSION BOX

GENERAL

The BA11-M expansion box provides a convenient means for expand-
ing LSI-11 bus systems. Each expansion box includes an H9270 LSI-
11 bus-structured backplane and an H780 power supply system
mounted in an enclosure 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
® Provides power and cooling for LSI-11 Bus options
e Accepts quad or double height modules

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

e LSI-11 Bus power sequencing signals provided by the power supply
e LSI-11 Bus line frequency clock signal provided by power supply

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" wide rack
e UC listed; CSA certified

SPECIFICATIONS
Dimensions (including bezel)
Width 48.3cm (19in)
Height 8.9cm(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°t050° C (41°t0 122° F)
Operating humidity 10% to 95% with a maximum wet

bulb temperature of 32° C (90° F)
and a minimum dew pointof 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 £1Hzor 60 +1
Hz, 400 W maximum, or
200-254 Vrms, 50 +1 Hz or 60 +1
Hz, 400 W maximum

DC output power +5 Vdc £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
DESCRIPTION

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 line cord 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 multi-board 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 450
Hz line frequency.

CONFIGURATION

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
modules and cables as shown in Figure 4. The terminator must be
installed 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 J1
on the second board and similarly J2 on both boards. Ensure that the
cables have no twists. Carefully fold excess cable as shown in Figure
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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 3-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 second back-
plane; a 120 © bus termination is required in the last option slot in the
third backplane.

Figure 1 BA11-M Expansion Box
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Figure2 BA11-M Assembly Unit
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Figure 5 BCV1A Installation
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BA11-N MOUNTING BOX

GENERAL

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-LCLD).

FEATURES

o Nine slots for double or quad size modules

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

e Module cooling

o Designed to meet small system applications

e Modular design for ease of servicing

e LSI-11 bus power sequencing signals provided by power supply

e Line frequency signal provided by power supply

e Unique backplane interconnection for custom multi-board options

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

e Rack-mountable in standard RETMA 19" wide rack

o 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 power supply.

Dimensions (including bezel)

Width 48.3cm (191n)
Height 13.2cm (5.19in)
Depth
Without mounting brackets 5§7.8cm (22.7in)
With mounting brackets 67.96 cm (26.75in)
Weight (without modules) 20 kg (44 Ib)
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Operating temperatures* 5°t050° C (41°t0 122°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 voitage
BA11-NE 115Vac
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.
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The ac input box, power supply, and H9273 logic assembly are at-
tached to the logic box base. The power supply 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 backpiane from
the rear of the box through an access door that is equipped with strain
reliefs for LS1-11 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
engages to prevent the base from being accidentally pulled out of the
cover.

Table 1

item Specification

Current rating 55Aat115Vrms
2.7Aat230Vrms

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 £250 mV at22 A

(A minimum of 2 A of +5 Vdc
power must be drawn to ensure
that the +12 Vdc supply regu-
lates properly)

+12Vdc £600mVat11 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 assembly, 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 over-
ridden 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 inadvertent-
ly pulled entirely out of the cover. Open the base to the extended
position and then release the button from the front hole. Slowly
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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 places.

Mount the cover to the front cabinet uprights using four pan head
screws (10-32 X 0.62 Ig) and four No. 8 lockwashers.

Attach the two support brackets to the cover using four Phillips
pan head screws (8.32 X 0.38 Ig) 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 siide 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.
CAB. UPRIGHTS
//1 REF

, 29(QTY 8) REF

/ 12(QTY 2)

™
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|
I |
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U
~
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(618N}
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(25.00 \N.) REF
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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 the base in. 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 installation.

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 power controller cable are common. Connect the
free end of the cable to the input circuit of the power controller 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 3 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 insert Modules in
Composition
BCV1B-XX Two BCO5L-XX
cables
One M9400-YE mod- Slots A and B of the
ule first open row after all
other LSI-11 bus op-
tions have been
installed in the main
box.
One M9401 module  Slots A and B of row 1
of expander box 1
BCV1A-XX Two BCO5L-XX
cables
One M9400-YD Slots A and B of the
module first open row after all

One M9401 module

NOTE

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) long, while the BCV1A cables should
be 304.80 cm (10 ft) long.
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BA11-VA MOUNTING CHASSIS/POWER SUPPLY

GENERAL

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 8-bit systems.

FEATURES
e Four slots for double 5.2 in. X 8.9 in. (13.2cm X 22.8cm) height
modules.

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

e Power and cooling for modules.

e DC power indicator.

e Mounting hardware for table-top or fixed-position usage.

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

o 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 13.38 in. X 3.62in.
(29.71cm X 33.98cm X 9.19cm)
Weight 10 Ibs (4.5kg)
Mounting 4 rubber feet for table-top use

and 4 metal brackets for fixed po-
sition mounting (installied by

user)
Environmental
Operating 5°C (41°F) to 5°C (122°F)
Temperature
Relative 10% to 95% (non-condensing)
Humidity )
Power
Output 5.6 amps at +5V max

1.6 amps at +12V max
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Input 115Vac-50/60Hz or +230V-
Voltage 50/60Hz (selectable by user)
Current 3.0 amps at 115V (maximum)
1.5 amps at 230V (maximum)
Power Cord 6 ft. 3in. (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
Power Outlet 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 power supply

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 table-top 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
power-fail 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 10 feet from the box and connected using a standard
connector. Momentary closure of this switch causes the processor to
go to the user-selected power-up mode for the system.

The power supply 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 power supply 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 ,. /\ .
s

OPTIONAL POWER

QUTLET ’ ! )/
RESTART OUTLET 3
- /
Rﬁm FLOW

INTAKE

*20D 447 112CM FOR CABLES
PUBBER FEET ACCESS MODULE ACCLSS
0OOR
ADD 31".79CVM FOR DEC
SUPPLIED FIXED MOUNTING
27ACKET
REAR VIEW
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BDV11 DIAGNOSTIC, BOOTSTRAP, TERMINATOR

GENERAL

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 moduie to allow the user to add up to 2K
words of erasable programmable ROM (EPROM) and up to 16K words
of read-only memory (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

o 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
General

The functions of the BDV11 are shown in Figure 1. The transciever 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
access 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 transciever 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 lines 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 (Chapter 5) and an
82523 PROM. The control logic is enabled by the address match sig-
nal 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
register's ROM address selection and the ROM socket selection logic.
The bus control signals are defined in the appropriate processor
handbook.

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. Tabie 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 SP1 L to SP8
L outputs are used to select the additional 16K words of user ROM.

+5v
Al4 L
L—‘ SP8 L
w3
Al4H rl-——-, o SP7 L
SP6 L
wa
745138 SP5 L
E35
sPa L
A1 H SP3 L
A12 H i SP2 L
AT0H sP1L
w2 ,
A13 H
W12
24 2v2 SE1 L
7415139 5y, sE2 L
€30
1Y0 SB1 L
w1
___|>o_., 18 1v1 sB2 L
1Y2
1A 1Y3
we 16
W10
745138 TRUTH TABLE
Grlaz|cie]a ouT Low
74LS138 TRUTH TABLE (EACH HALF)
il YO(SPB L)
G 8 A OuT LOW
L L H Y1(SP7 L)
L L YO(SB1 L)
N Y2 (sP6 L)
L L] ow Y1(sB2 1)
Hlofc|uln Y3 (SP5 L)
WL Y2 (SETL)
H L L Y4 (SP4 L)
Wl w Y3 (SE2L)
Hlolw Y5 (SP3 L)
H H L Y6 (SP2 L)
H|H|H Y7 (SP1L)

Figure 2 Soéket Selection Logic
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ROM Address

The ROM address logic uses the socket select logic outputs and ad-
dress lines A0 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 EPROMs 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 AQ 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 régisters 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 controlled 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

General

The BDV11 is factory-configured (Group A 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 accommodate various types of memory chips. The switch-
es used to select 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
ws Chip selection
weé Chip selection
W7 Chip selection
w8 Chip selection
we Socket selection
w10 Socket selection
w11 Socket selection
W12 Socket selection
w13 Chip selection
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Table2 Memory Configuration

High Byte Low Byte Contfiguration ROM PCR Selection
Socket Socket Designation Address Page Signal

4K Diagnostic/Bootstrap (DIGITAL)

¥6

E53 E48 A 0-2K 0-17 SB1L
2) (1) B 4K-6K 40-57 SB1L
(o} 16K-18K 200-217 SB1L
D 20K-22K 240-257 SB1L
E58 E44 A 2K-14K 20-37 SB2L
(4) (3) B 6K-8K 60-77 SB2L
C 18K-20K 220-237 SB2L
D 22K-24K 260-277 SB2 L
2K User EPROM
E57 E40 A 4K-5K 40-47 SE1L
3) (1) 8 0-1K 0-7 SE1L
(o} 20K-21K 240-247 SE1L
D 16K-17K 200-207 SE1L
E52 E36 A 5K-6K 50-57 SE2L
(4) ) B 1K-2K 10-17 SE2L
Cc 21K-22K 250-257 SE2L
D 17K-18K 210-217 SE2L
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Table2 Memory Configuration (Cont‘)

<6

High Byte Low Byte Configuration ROM PCR Selection
Socket Socket Designation Address Page Signal
16K User ROM

E54 E49 A 16K-18K 200-217 SP8L

(2) (1) E 16K-17K 200-207 SP8L

F 0-2K 0-17 SP8L

G 0-1K 0-7 SP8 L

ES9 E45 A 18K-20K 220-237 SP7L

(4) (3) E 18K-19K 220-227 SP7L

F 2K-4K 20-37 SP7L

G 2K-3K 20-27 SP7L

E60 E4 A 20K-22K 240-257 SP6 L

(6) (5) E 18K-19K 240-247 SP6 L

F 4K-6K 40-57 SP6L

G 4K-5K 40-47 SP6 L

E55 E37 A 22K-24K 260-277 SP5L

(8) ) E 22K-23K 260-267 SP5L

F 6K-8K 60-77 SP5L

G 6K-7K 60-67 SP5L
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Table2 Memory Configuration

High Byte Low Byte Configuration ROM PCR Selection
Socket Socket Designation Address Page Signal
16K User ROM (cont)

E51 E38 A 24K-26K 300-317 SP4L
(10) (9) E 17K-18K 210-217 SP4 L

F 8K-10K 100-117 SP4L

G 1K-2K 10-17 SP4L

E47 E42 A 26K-28K 320-337 SP3L
(12) (11) E 19K-20K 230-237 SP3L

F 10K-12K 120-137 SP3L

G 3K-4K 30-37 SP3L

E43 E46 A 28K-30K 340-357 SP2L
(14) (13) E 21K-22K 250-257 SP2L

F 12K-14K 140-157 SP2L

G 5K-6K 50-57 SP2L

E39 ES50 A 30K-32K 360-377 SP1L
(16) (15) E 23K-24K 270-277 SP1L

F 14K-16K 160-177 SP1L

G 7K-8K 70-77 SP1L
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NOTE
The parenthetical numbers in the socket colums 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 designated “A” in Table 2. This table also
indicates the installation 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 selection jumpers are shown below.

Configuration Socket Selection Jumpers*

Designation W1 W2 W3 W4 W9 W10 Wi1 W12

OMTMOO D>
— DT XX XD
DT IDXXX™T
DD~ XXX~
TTIXXXD
XXXDD~™
XXX=—=—D2D>D
XXXTD—D
XXXD—D—

* | = 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.

Table3 Chip Selection Jumpers

Jumpers Inserted'

ROM Type w5 w6 w7 ws w13

270872
2716°
8316E*
8316E°

D~ DD

R
|
|
|

DI~
o vl « s « M
i R

NOTES

1. | =lInserted; 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 : Ccs3
LoOw LOW HIGH
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Table4 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/Pagé 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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Table 6 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 165732
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

General

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
ﬂ s1 ﬂ s2

J1

0 A7 fesmanr
D1 D2 D3D6 D4

SWITCH SWITCH

OFF  ON

— 1

2
—3
—_4
— 5

4 i / N
£21 [ E1s CONNECTOR A

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

MA.1340

Figure4 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:

Al 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 AS 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.
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Table 7 Diagnostic/Boostrap Switch Selection

Program

Selected'

A6 A7 A8 B1

A5

Mnemonic

Loop on test
RKV11 Boot

OrY@YrO v

OO v+

[el=No}a]

(=R =N

(== N -]

DKn; n<8

RLV11 Boot

o

o

DLn; n<4

RXV11 Boot

0

DXn; n<2

RXV21 Boot

0

DYn;n<2

ROM Boot?

rTOrrFOr-rOrOTr

Or 00O+ r™ OO

T rrrO0OO0OO0OO ™™

~—TrmO0O 00000

OO0 rr ™ rmvrvr v

Or~rOrrOr~¥FOv™ O+

OO "™"YF T~ O0OY™T ™

O O0O0OO ™™+

OO0 ™Y ™ rv™vr v v

Y Y Y T v v =

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 halt instruction 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.
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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 177546, 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 OK LED

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
Ji 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 Bit1 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 Oon- Oon 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.

107



BDV11

Table9 Listof Error Halts (Cont)

Address Cause of Error

of Error
173 050 CP1 error. RO contains address of error.
173 052 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.
173 402 ROM loader error. Jump address is odd.
173532 RL device error.
173 634 CPU error 3. RO points to cause of error.
173642 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.
173706 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

at any 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
ES3/E48. These designations represent the ROMs and EPROMs 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
XES3 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 couid have 1K-word EPROMs inserted in sockets XES7—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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Table 10 BDV11 Bus Address/PCR Pages

PCR Pages
ROM
Location E53/ ES58/ E57/ ES52/ E54/ ES9/ E60/ E55/ E51/ E47/ EA3/ E39/

Bus Address E48 E44 E40 E36 E49 E45 E41 E37 E38 E42 E46 ES0
Accessed

173000-173376 0 20 40 50 200 220 240 260 300 320 340 360
0000-0177
173400-173777 1 21 41 51 201 221 241 261 301 321 341 361
0200-0377

173000-173376 2 22 42 52 202 222 242 262 302 322 342 362
0400-0577
173400-173777 3 23 43 53 203 223 243 263 303 323 343 363
0600-0777

173000-173376 4 24 44 54 204 224 244 264 304 324 344 364
1000-1177 '

173400-173777 5 25 45 55 205 225 245 265 305 325 345 365
1200-1377

173000-173376 6 26 46 56 206 226 246 266 306 326 346 366
1400-1577
173400-173777 7 27 47 57 207 227 247 267 307 327 347 367
1600-1777
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Table 10 BDV11 Bus Address/PCR Pages (Cont)

PCR Pages

ROM
Location ES3/ ES58/ E57/ E52/ E54/ E59/ E60/ E55/ E51/ E47/ E43/ E39/

Bus Address E48 E44 E40 E36 E49 E45 E41 E37 E38 E42 E46 ES0
Accessed

173000-173376 10 30 210 230 250 270 310 330 350 370
2000-2177
173400-173777 1 31 211 231 251 271 311 331 351 371
2200-2377
173000-173376 12 32 212 232 252 272 312 332 352 372
2400-2577
173400-173777 13 33 213 233 253 273 313 333 353 373
2600-2777
173000-173376 14 34 214 234 254 274 314 334 354 374
3000-3177
173400-173777 15 35 215 235 255 275 315 335 355 375
3200-3377
173000-173376 16 36 216 236 256 276 316 336 356 376
3400-3577
173400-173777 17 37 217 237 257 277 317 337 357 377

3600-3777
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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- XES1/XE38 2K System
tic/ ROM
Bootstrap
(reserved for
DIGITAL)
XES57/XE40 1K EPROM XES5/XE37 2K System
. ROM
XE52/XE36 1K EPROM XE60/XE41 2K System
ROM
XE39/XES50 2K System XES59/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 Sequentiai 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 I/O Page

ROMs may be executed in the I/0 page provided their starting ad-
dress is between 173016 and 173376. The next page lists a program
which executes in the 1/0 page. It uses the ROM loader but supplies
only a starting address block. It must start in the window between
173000 and 173376 since the ROM boot is executing out of the other
window. It is the programmer’s responsibility to properly map the up-
per window and then manage all remapping.
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DCK11-AA, -AC PROGRAM TRANSFER INTERFACE

GENERAL
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-DC004 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
o Interrupts initially disabled by BUS INIT

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

¢ Interrupt B generates the second LSB of vector address directly
(VECRQST B H)

e BUS INIT buffered and made available to the user (INITO L)
® Contains logic for LSI-11 bus “daisy-chalned” interrupts
DCO004 Protocol Logic IC Features
® Device selection features
- Four register select lines (SEL 6 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)
e Bus functions

- Bus reply generated for device addresses and for interrupts
(BRPLY L)

- Ability to vary bus reply response by adding an RC network
provided (RXCX H)
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DCO005 Bus Transcelver IC Features
® Four bits per IC
e Three bits of address selection logic included on the chip
o LSI-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
-  Enable input 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)
® Interrupt 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 VECRQSTB H 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 BDIN L 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 to the 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 BIRQL 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 assoclated 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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DC003 Pin/Signal Descriptions (Cont)

Pin Signal Description
10 RQSTBH Device Interrupt Request. When asserted
17 RQSTAH with the enabile 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) DATAH, and
the ENX (where X is either A or B) CLK H
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°C to 70°C
‘TTL Input
High-level input current 50 uA max.

liH(V=2.7V)
Low-level input current —.55 mA max.
| ||_(V |=05V)
Exceptions Pins 12 & 15 ENX DATAH

IIH = 100 uA max.
|||_ = —2.0 mA max.
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TTL Outputs
High-level output voitage 2.7V min.
\ OH (! 0= —1 mA max.)

Low-level output voltage 0.5V max.
VoL (I o= 20 mA max.)
Bus (Hi Z) input and (open collector) outputs.

Bus inputs

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

Low-level input current —10pA max.
Hhe(V=0v)

Bus Outputs
Low-level output voltage 0.8V max.
V Lo (I 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 circult. 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 input is
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 BSYNCL 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 BDINL 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-
cuit and INWD L. Type: BUS-INPUT

8 BRPLY L Bus Reply. This signal is generated through
an RC delay by VECTOR H, 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 OUTHB L (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 signals is

15 SEL2L true as a function of BDAL2 L and BDAL1 L
16 SEL4L if ENB H Is asserted at the asserted edge of
17 SEL6L BSYNC L. They indicate that a word register

has been selected for a data transaction.
These signals never become asserted ex-
cept at the assertion of BSYNC L (then only
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DC004 Pin/Signal Descriptions (Cont)

Pin Signal Description

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

18 RXCXH 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

19 ENB H 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 8509

PULL UP
Summary of Electrical Specifications for DC004
Ambient Temperatures 0°Cto 70°C
TTL Inputs
High level input current
Liu(Vy=2.7V) 50 A max.
Low level input current
(V| =0.5V) —.70 mA max.
Exceptions Pin 19 ENBH

ljq = —3.85 mA max.
liL = —8.0 mA max.

TTL Outputs

High Level output voltage

Vou(lo=—-1mA) 2.7V min.
Low level output voltage

VoL(l o =20mA) 0.5V max.

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

Bus inputs
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High level input current

Liy(V,=3.8v) 40 zA max.
Low level Input current

LhiL(vy=0v) —10 pA max.
Bus Outputs

Low level output voltage

A LO ( sink = 70 mA) 0.8V max.

DCO00S5 Pin/Signal Descriptions

Pin Signal Description

BUS(3:0) L
12 BUSOL Bus Data. This set of four lines constitutes
1 BUS1TL 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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DC005 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(3:1)L Address Jumpers. A strap to ground on
1 JA1L 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¢ will disconnect the corres-
ponding address bit from the comparison.
TYPE: TERNARY-INPUT (SEE TEXT)

5 XMITH Controi 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°C to 70°C

TTL Inputs
High level input current —
| H (Vl = 27V)

RECHPin4 100 A max.
XMITHPIinS 50 xA max.

Low level input current  —
| IL (V| = OSV)
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RECHPIn4 —2.2 mA max.
XMITHPIinS -1.1 mA max.
TTL Outputs

High Level output volt-  3.65V min.
ageVop(lg = -1
MA)

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

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

High level input current 65 uA max.

i (V= 3.8V)

Low level inputcurrent  —10 uA max.
| iL (V| = 05V)

Bus Outputs

Low level output volit- 0.8V max.
age Vo (Isink =70

mA) '

DESCRIPTION

PROGRAM CONTROL CHIPKIT APPLICATION

In Figure 1, the transcelvers (four DC0O05s) provide data lines DO
through D15 to reflect the state of the bus lines BDAL 0-15, when REC
H Iis 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 wili 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 DO1 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-fiop 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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Figure1 DCK11 Bus Interface Typical Application
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DCO003 Interrupt Logic (DEC #19-12730-00)

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 Voc sup-
ply is 140 mA.

Figure 2 is a simplified logic diagram of the DC003 IC. Table 1 de-
scribes the signals and pins of the DC003 by pin and signal name.

il

Figure2 DCO003 Simplified Logic Diagram
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DC004 Protocol Loglc (DEC # 19-12729-00)

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 Voo
supply is 120 mA.

Figure 3 is a simplified logic diagram of the DC004 IC. Signals and pin
definitions for the DC004 are presented in Table 2.

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 (DEC # 19-13040)

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
I1/0 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 maA, tri-state drivers. Data
on this port are the logical inversion of the data on the bus side.

Three address “jumper” inputs are used to compare against three bus
inputs to generate the signal MATCH. The MATCH output is open
collector, which allows the output of several transceivers to be wire-
ANDed to form a composite address match signal. The address jump-
ers can also be put into a third logical state that disables jumpers for
“don’t care” address bits. In addition to the three address jumper
inputs, a fourth high-impedance input line is used to enable/disable
the MATCH output.

Three vector jumper inputs are used to generate a constant that can
be passed to the computer bus. The three inputs directly drive three of
the bus lines, overriding the action of the control lines.

Two control signals are decoded to give three optional states: receive
data, transmit data, and disable.

Maximum current required from the Vo supply is 120 mA.

Figure 4 is a simplified logic diagram of the DC005 IC. Signal and pin
definitions for the DC005 are presented in Table 3.
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Figure4 DCO00S5 Simplified Logic Diagram

CONFIGURATION
The drawings on the following pages show sample circuits that may be
helpful in applying the CHIPKITS.
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OQUTPUT
REGISTER
D Q[ OuT > USER
INTERNAL
3-STATE c
DCOO0S'S r OPTIONAL
(BUS INPUT
TRANSCEIVERS) INPUT REGISTER
(3-STATE o ss=- b
DRIVERS) ! I
I
o ol Juser

Figure5 Data Path Flow Diagram

OUTPUT REGISTER HIGH BYTE

3-STATE
DRIVERS
. 8 8
HiGH ORoR a8 — ° o} —~—— 70 UsER
4
7415374 _I_
WRITE OUTPUT
74L502 REGISTER
FROM [ OUTHB L HIGH BYTE

DCo04 SELX L

OQUTPUT REGISTER LOW BYTE

3-STATE
DRIVERS
: 8
[
B — P o oo
-
7415374 J_
741502 WRITE QUTPUT
FROM OUTLB L REGISTER

DCOOA  SELX L HIGH BYTE

Figure 6 Example of Output Register
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LOW BYTE
3-STATE
10 DC00S N DRIVERS 8 cxom
INTERNAL BUS —— o o #—— Usr
(LOW ORDER 3
8 BITS) tc
I STROBE
FROM
USER
) 7415374
41532 READ DATA
FROM INWD L LOW BYTE L
DCOO4  sELx L
Figure 7, Example of Input Register (BYTE)
LOW BYTE REGISTER
3-STATE
s DRIVERS o
r Vi Q ) i FROM
’ 5 ¢ USER
tc
7415374
TO_DCOO0S
INTERNAL<
BUS
HIGH BYTE REGISTER
3-STATE
o DRIVERS s
B o b b FROM
\ 7 < 7 USER
dc
STROBE
FROM
USER
reLsaz 7415374
FROM [ INWD L sngDDDLATA
DCO04 | SELX L

Figure8 Example of Input Register (WORD)
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This example is the interrupt enable bit for interrupt A which connects
to bit 6 of the example CSR. /}

3-STATE
DCO03 DRIVER

ENAST H| DAT &

BDALG L

BUS )
TRANCEIVER
INTERRUPT

LOGIC N

LsI-n
aCSR BUS

FROM { SELO L
DCOG4 | ynwp L

741532

Figure 9 Typical CSR Bit

715367 ___DCoos
7%}.——«:“ INTAH
Q AR
.Nrg%Nosg ¢ ENAST H A
BUS ——{xmiT
S— THESE BITS ARE
0 ' DCo0s
. 4 —DC00s
pata B
9.8.8
741532 gss:o
SELO L L —xaut
INWD L
DC005
DCo04 DATA BITS
7,6,5.0
741508
BRPLY L| o—c{} AT XMIT H
741508
oM DCoos
SELO L DATA BITS
(CSR REGISTER SELECT 4,3,21
FROM DC004)
L—JxmITH

WHEN THE CSR IS READ (SEL O L = 0) THE SIGNAL
GMIT WILL BE 0 CAUSING THE UNUSED DC005

BITS TO BE READ AS ZEROS. (HIGH ON BDAL LINES)
FOR ANY OTHER REGISTER GMIT = XMIT.

Figure 10 Sample Circuit to Cause Unused CSR Bits to be Read as
Zeros
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This example is the A interrupt request and a DATA READY status bit
(bit 7 of the CSR).

vec

EXTERNAL
T
REQUEST ¢

74L574

3-STATE
DRIVERS

R
DATA 7

READ DATA
741532 “é%'oé‘. 741508
ezt {RORY) (ROR L+ INIT L)
INWD L
(C5% DATAREADY 8iT}

741832 AS38T (10 INTERNAL 3-STATE
SELO L CSR READ ENABLE L 8US BIT7)

INWD L

Figure 11 Typical Interrupt Request

BUS REPLY DELAY TIMES
Bus Reply delays as a function of RC values connected to pin 18
(RXCX H) of the DC004.

k1. RX = 1KQ 5%
CX=0
Delay ~ 50 ns from falling edge of BDIN L, or BDOUT L, or rising
edge of VECTOR H to BRPLY L falling edge.

2. RX=1KQ25%

CX = 470 pf 5%

Delay as described in item 1 above ~ 200 ns.
3. BX=10KQ 5%

CX = 1000 pf 5%

Delay as described above ~ 3.2 usec

BDINL { /
(o 4

BDOUTL l ’
OR

VECTOR H I

BRPLY L i

WHERE § = DELAY DESCRIBED IN ITEMS 1-3
Figure 12
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DCK11-AB, -AD DIRECT MEMORY ACCESS INTERFACE

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

The DCK11-AB kit contains:

1-DCO003 Interrupt Chip

1-DC004 Protocol Chip

4-DCO005 Transceiver/Address Decoder/Vector Select Chips
2-DC006 Word Count/Bus Address Chips

1-DC010 DMA Control Chip

The DCK11-AD kit contains the above chips plus:

1-W9512 double-height, extended-length, high-density wire-wrappa-
ble module

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

Figure 1 shows a typical interconnection of DMA CHIPKIT compo-
nents, in block diagram form.

DMA applications use the same chips as program control interfaces,
plus two DCO006s for word or byte address counters and a DC010 DMA
bus control IC.

DC006 Word and Address Counter IC Features

e Two 8-bit counters on each IC

e 16-bit address and word counters available in two ICs cascaded

e Input and output share pins on the 3-state bus

e Read and write control logic located on the IC

e Maximum count decoded and brought out for user

DC010 DMA Logic Features

e Uses an external 8 MHz clock to generate LSI-11 bus signals for
DIN, DOUT, SYNC, and SACK

e Inputs allow selection of cycle type (DATI, DATO, DATIO)
e Interfaces with DMA daisy-chain signals

e Allows an external RC network to force a variable wait before the
next bus request is made (TMOUT H)

e An input which allows a maximum of four transfers before the bus is
released, when enabled (CNT4 H)
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SPECIFICATIONS

This section contains a summary of the most important specifications
for DC006 and DC010. See the previous section DCK11-AA, -AC fora
summary of specifications for DC003, DC004, and DC005.

DC006 Pin/Signal Descriptions

Pin Signal Description

6 CNT1A Count A Counter by 1 (TTL In-
put). This signal controls the
least significant bit of the A

counter. When CNT1A is low,
the A counter increments by
one. When high, the LSB is
prevented from toggling,
hence the counter increments
by two. When two counters are
cascaded, CNT1A on the high-
order counter should be
grounded.

3 CLK-A Clock A Counter (TTL Input).
This clock signal increments
the A counter on its negative
edge. The counter Is incre-
mented by one or two, de-
pending on CNT1A. CNT1A
and LD must be stable while
CLK-As high.

16 CLK-C Clock C Counter (TTL Input).
This clock signal increments
the C counter by one on its ne-
gative edge. LD must be stable
while CLK-C is high.

2 S-A Select A Counter (TTL tnput).
This signal allows the selection
of the A counter according to
the truth tables.
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DCO006 Pin/Signal Descriptions (Cont)
Pin Signal Description

19 S-C Select C Counter (TTL Input).
This signal allows the selection
of the A counter according to
the truth tables.

4 RD-A Read A Counter (TTI Input).
This signal allows the selection
of the A counter according to
the truth tables.

5 RD- Read (TTL Input). This signal
allows the read operation to
take place according to the
truth tables.

18 LD Load (TTL input). When this
signal goes through a high-to-
low transition, the load opera-
tion is allowed to take place
according to the truth tables.

No data changes permitted
while LD is low.
7-9 D/F (7:0) Data Bus (Bidirectional, 3-
11-15 State Outputs/TTL Inputs).

These eight bidirectional lines
are used to carry data in and
out of the selected counter.

1 MAX-A Maximum A Count(TTL Out-
put). This signal is generated
by ANDing CLK-A and the
maximum count condition of
counter A (count 376 when
counting by 2 or count 377
when counting by 1).

17 MAX-C Maximum C Count (TTL Out-
put). This signal is generated
by ANDing CLK-C and the
maximum count conditions of
counter C (count 377).
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Summary of Electrical Specifications for DC006
Ambient Temperatures 0° to 70°
TTL Inputs

High level input current

LV =27V) 55 uA max.

Low level input current
(v, =0.5vV) —1.7 mA max.

TTL Outputs

High level output voit- 2.7V min.
ageVOH (] o= -1

‘mA)

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

DCO010 Pin/Signal Descriptions
Pin Signal Description

1 REQH Request (TTL Input). A high on
this signal initiates the bus re-
quest transaction. A low allows
the termination of bus master-
ship to take place.

13 BDMGI L DMA Grant input (Hi-Z Input).
A low on this signal allows bus
mastership to be established if
a bus request was pending
(REQ = high); otherwise, this
signal is delayed and output as
BDMGOL.

16 CNT4H Count Four Input (TTL Input).
A high on this signal allows a
maximum of four transfers to
take place before giving up
‘bus mastership. A low dis-
ables this feature and an un-
limited transfer will take place
as long as REQ is high. If left
open, this pin will assume a
high state. ’
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Pin

14

12

TMOUTH

DATIN L

DATIOL

RSYNC H

DCK11-AB, -AD

138

Description

Time-Out (TTL Input/Open
Collector Output). This I/0 pin
is low while MASTER ENA is
high. It goes into high im-
pedence when MASTER ENA
is low. When driven low it pre-
vents the assertion of BDMR;
when driven high it allows the
assertion of BDMR to take
place if BDMR has been ne-
gated due to the 4-maximum
transfer condition. An RC net-
work may be used on this pin
to delay the assertion of
BDMR.

Data In (TTL Input). This signal
allows the selection of the type
of transfers to take place ac-
cording to the truth table.

Data IN/Out (TTL Input). This
signal allows the selection of
the type of transfer to take
place according to the truth ta-
ble. During a DATIO transfer,
this signal must be toggled in
order to allow the completion

. of the output portion of the I/0

transfer.

If left open, this pin will as-
sume a high state.

Receive Synchronize (TTL In-
put). This signal allows the de-
vice to become master
according to the following re-
lationship:



DCK11-AA, -AC

DCO010 Pin/Signal Descriptions (Cont)

Pin Signal Description
RSYNCL - RPLY
H- MASTER
ENA = MASTER
17 CLKL Clock (TTL Input). This clock

signal used to generate all
transfer timing sequences.

15 RPLYH Reply (TTL Input). This signal
is used to enable or disable
the clock signal. This signal al-
so allows the device to be-
come master according to the
following relationship:

RSYNCL - RPLY H - MASTER
ENA = MASTER

19 INITL Initialize (TTL Input). This sig-
: nal is used to initialize the chip

to the state where REQ is
needed to start a bus regest
transaction. When INIT is low,
the following signals are ne-
gated: BDMR L, MASTERH,
DATEN L, ADREN H, SYNCH,
DIN H, DOUT H.

11 BDMR L DMA Request (Open Collector
Output). A low on this signal
indicates that the device is re-
questing bus mastership. This
output may be tied directly to
the bus.

9 MASTERH Master (TTL Output). A high
on this signal indicates that the
device has bus mastership
and a transfer sequence is in
progress.
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DCO010 Pin/Signal Descriptions (Cont)

Pin Signal Description

8 BDMGO L DMA Grant Output (Open Col-
lector Output). This signal is
the delayed version of BDMGI
if no request is pending; other-
wise, it is not asserted. This
output may be tied directly to
the bus.

7 TSYNCH Transmit Synchronize (TTL
Output). This signal is assert-
ed by the device to indicate
that a transfer is in progress.

18 DATENL Data Enable (TTL Output).
This signal is asserted to indi-
cate that data may be placed
on the bus. -

4 ADREN H Address Enable (TTL Output).
This signal is asserted to indi-
cate that an address may be
placed on the bus.

6 DINH Data In (TTL Output). This sig-
nal is asserted to indicate that
the bus master device is ready
to accept data.

5 DOUTH Data Out (TTL Output). This
signal is asserted to indicate
that the bus master device has
output valid data.

Summary of Electrical Specificatlons for DC010
Ambient Temperatures 0°C to 70°C

TTL Inputs
High level input current 300 A max.
| IH (V | = 27V)
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Low level inputcurrent  —2.0 mA max.
| IL (V | = 05V)

TTL Outputs

High Level output volt- 2.7V min.

ageVOH(IO =-1
mA)

Low level output voit- 0.5V max.

ageV g (lg =8mA)

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

High level input current 65 A max.
| IH (V | = 38V)

Low level input current  —10 4A max.
| IL (V | = 0.5V)

Bus Outputs
Low level output voit- 0.8V max.

age v LO (l sink = 70
mA)

DESCRIPTION
DMA CHIPKIT Application

Figure 1 shows how four DC005 transcelvers are used to handle the
first 16 BDAL lines (BDAL 0-BDAL 15) from the LSI-11 bus and to
provide the interface to the internal 3-state bus. The transcelvers are
enabled to receive data from the LSI-11 bus when the REC H line is
" driven high. Similarly, the transcelvers transmit data to the LSI-11 bus
when the XMIT H line is driven high. Normally, the DC00Ss are in the
receive state (REC H line asserted) and allow the transceivers to moni-

tor the LSI-11 bus for device addresses.

Device address and vector switch inputs to the transceivers provide

convenient address and vector selection.
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Figure1 Typical DMA CHIPKIT Application

Switches A3 through A12 are the device address selection switches
and switches V3 through V8 are for vector selection. Switches are ON
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(closed) for a 1 bit and are OFF (open) for a 0 bit. The addressable
registers are:

Register Bank 7

Octal Address
Bus Address Register 1XXXX0
Word Count Register 1XXXX2
Control/Status Register 1XXXX4
Output Buffers 1XXXX6

The user selects a base address for the bus address register and sets
the device address selection switches to decode this address. The
remaining register addresses are then properly decoded as sequential
addresses beyond the bus address register (Figures 2 and 3).

DECODED FOR

10F 4
DECODEE 8Y 88S7 SELECTED BY SWITCHES REGISTERS
N A N—
17 16 15 14 13 12 n 10 09 08 o7 06 05 04 03 02 01
T Al T T T T |
r A 1 A l I _[ l | l l l
All A9 ]; A5 A3 BYTE
(s2-1) (81-7¢ (8515} 51-3) s1-1 CONTROL
Al12 A0 AB AB Al
(s2-2) (S1-8) (S1-86) (51-4) 151-2}

A 1009

Figure2 Device Address Select Format

3RD OCTAL
DIGIT
(00R 4)
1ST 2ND
OCTAL OCTAL PREASSIGNED
DIGIT DIGIT AS ZEROS
- ~ —— ~ ——
08 07 06 05 04 03 02 Ol __ 00
v Vs va
(s2-n {s2-5) (s2-3)
v8 v6 va v2
(52-8) 152-6) (s2-4) (NOTE)

NOTES
V2= 1FOR TRANSFER COMPLETE INTERRUPT.

V2= O0FOR TIME OUT INTERRUPT
MR 1010

Figure 3 Interrupt Vector Select Format
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The DCO004 is the internal register selector. This integrated circuit
monitors BDAL lines 0, 1, and 2 to determine which register address
has been placed on the LSI-11 bus. The states of BDOUT and BDIN
are also monitored to determine the type of transfer (DATO or DATI).
When an address for an internal register is placed on the LSI-11 bus,
one of the SEL outputs from the DC004 is driven low. This selects that
particular register for the transfer (into or out of the master device) is
determined by the state of the OUTHB L, OUTLB L, or INWD L lines.
Internal register selection is summarized as follows:

Control Line Select Regilster

INWD L (Read) SELOL Bus Address Register

INWD L (Read) SEL2L Word Count Register

OUTHB L (Write High Byte) SELOL Bus Address Register

OUTHBL (WriteHigh Byte) SEL2L Word Count Register

OUTLB L (Write Low Byte) SELOL Bus Address Register

OUTLB L (Write Low Byte) SEL2L Word Count Register

INWD L (Read) SEL4L Control/Status
Register

OUTHB L and MRPLY L SEL4L Control/Status .

(Write CSR High Byte) Register

OUTLB L and MRPLY L SEL4L Control/Status

(Write CSR Low Byte) Register

OUTHB L and MRPLY L SEL6L Output Buffer

(Write High Byte)

OouTLBLand MRPLY L SEL6L Output Buffer

(Write Low Byte)

Note that MRPLY L is the BRPLY L output of the DC004 and is used
along with OUTHB L and OUTLB L to write either the high or low byte
in the control/status register or the output buffers. Write byte selection
for the bus address register and the word count register is controlied
only by the OUTHB L and OUTLB L lines. Words can be written to the
control/status register or the output buffer registers by driving both
OUTHB L and OUTLB L to the low state at the same time.

The DC004 integrated circuit was designed to operate directly from
the LSI-11 bus. However, since the introduction of the DC005, the
DCO004 is usually interfaced to the LSI-11 bus through the DC005. Bus
signals (BDAL lines) passing through the DC005 are inverted. There-
fore, BDAL 0, 1, and 2 signals applied to the DC004 are inverted.
Because of this inversion, it is necessary to change the nomenclature
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on pins 12 through 17 on the DCO004. The difference in nomenclature
between DC004s operated directly from the LSI-11 bus and through a
DCO005 are as follows:

From Bus (Non-Inverted From DCO005 (Inverted
BDAL 0,1,2) BDAL 0,1,2)

Pin Signal Pin Signal

12 OUTLBL 12 OUTHBL

13 OUTHB L 13 OUTLBL

14 SELOL 14 SEL6L

16 SEL2L 15 SEL4L

16 SEL4L 16 SEL2L

17 SEL6L 17 SELOL

It is recommended that when a DCO005 is used, the DC004 be inter-
faced to the LSI-11 bus through the DC005 to avoid unnecessary bus
loading.

The DCO003 IC performs an interrupt transaction that uses the daisy-
chain type arbitration scheme to assign priorities to peripheral de-
vices. The DC003 has two channels (A and B) for generating two
interrupt requests. Channel A has higher priority than channel B. if a
user’s device wants control of the LSI-11 bus, the interrupt enable flip-
flop within the DC003 must be set. This is accomplished by asserting
(logic 1) the ENX* DATA line to the DC003 (writing bit 14 or bit6 to a
one) and then clocking the enable flip-flop by asserting (logic 1)
RQST. RQST must be held asserted until the interrupt is serviced.
When the RQST is asserted and the interrupt enable flip-flop is set, the
DCO003 asserts (logic 0) BIRQ L, thus making a bus request. When the
request is granted, the processor asserts (logic 0) BDIN L. This causes
the DCO003 to assert (logic 1) VECTOR H, which is applied to the
DCO005. VECTOR H at the DC005 causes the device vector to be placed
on the BDAL lines to the processor. Interrupts are produced for bus
time-outs (CSR bits 15 and 14) and at the completion of a block trans-
fer (CSR bits 7 and 6). '

* X may be either A or B.

DMA Application

Figure 4 shows the DMA control (DC010), the word count/bus address
registers (both DC006), the output buffers (both 74LS273s), and the
input drivers (74LS367s).
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The DC010 performs handshaking operations required to request and
gain control of the LSI-11 bus for DMA data transfers. After becoming
bus master, the DC010 produces the signals necessary to perform a
DIN or DOUT bus cycle as specified by the control lines. An 8-MHz
free-running clock is provided by E21. This clock Is used by the DC010
to generate all transfer timing sequences. The actual clock frequency
is not critical and can be any frequency up to 8.3 MHz, provided it is
symmetrical. An RC time constant provided by resistor R14 and capa-
citor C2 provides a delay for the reassertion of BDMR to the LSi-11
bus. This allows other direct memory access devices to obtain the bus
during the time the CNT4 logic releases the bus and re-requests the

bus.
+BV

a
PP USER REQ L

pATA 8~

csRWHB —]

2

WCNTO H E3

3 J74LS02

1
(TOS+INITIH

REQH

kel
~N

R10
330

g

R11
680

)
w

g

AR2 BDMG! L
AS2 BOMGO L

BDMR L

TDIN
MASTER H

MG L

13
8
wu

11

IMGO L
INIT L
BOMR L

TDOUT H

DOUT H

DINH

TSYNC—>

MASTER H
TSYNC H

RSYNC

RSYNC H

RPLY H

REQ H
DATINH
DATIO H

CNT4 H
DATIN L H
CLKH
TMOUT H
ADREN H

RPLY H otl::'(;?o

DATIN L

.

DATN L

! B}- DINH

R15
270

1
g 180pf

——ADREN H

*DISCRETIONARY WIRING
H = 4 XFERS MAX.
L = BURST MODE

=8Mhz

Figure 4 Typical Application (DC006, DC010, Output Delay, and
Input Drives)
(Sheet 1 of 2)
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DATA1S
DATA14
DATA13
DATA12
DATA11
DATA10
DATAD
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Figure 4 Typical Application (DC006, DC010, Output Delay, and
Input Drives)
(Sheet 2 of 2)
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User devices initiate bus requests by driving the set input of the re-
quest flip-flop (E10) low. This asserts REQ to the DC010 and generates
BDMR L to the LSI-11 bus. When the DC010 becomes bus master, it
asserts ADREN H to the DC006 bus address registers. ADREN H al-
lows the bus address registers to place the address of the slave (mem-
ory) onto the internal bus and, via the DC005 transceivers, onto the
LSI-11 bus. The request flip-flop (E10) remains set until the DC006
word count overfows to zero (WCNTO0). WCNTO then resets the request
flip-fiop.

Two DC006 word count/bus address register ICs are used to provide
16 bits each of word count and bus address. The least significant bits
of the word count and bus address register and register C is the word
count register. Both registers can be read or written under program
control from the LSI-11 bus. Registers are selected by:

e Read bus address register T SELOL
INWDL
e Write high byte of bus address register SELOL
OUTHB L

e Write low byte of bus address register SELOL .
ouTLBL
e Read word count register SEL2L
INWD L
e Write high byte of word count register SEL2L
OUTHBL
e Write low byte of word count register SEL2L
OUTLBL

The bus address register is incremented by two for word transfers. To
accomplish the increment by two, the CNT1A input to the most signifi-
cant DC006 (E23) must be high, and the CNT1A input to the most
significant DC006 (E27) must be grounded. Clocking for DC006 E23 is
provided by the transition of the ADREN H line from the DC010. When
bus address register DC006 E23 overflows, MAX-A goes high, thus
clocking the DC006 E27 bus address register.
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The word count register is incremented by one each time a word is
transferred. Initially, the word count register is loaded under program
control, with the 2's complement of the number of words to be
" transferred. As words dre transferred, the word count register is incre-
mented toward zero. When DC006 E23 overflows, MAX-C goes high.
MAX-C clocks the DC006 E27 word count register until DC006 E27
overflows. When E27 overflows, WCNTO H is generated; WCNTO H
then resets the request flip-flop (E10), thus terminating data transfers.

During DMA data transactions Input data from the DATI bus cycle is
placed on the internal 3-state bus via the DC005 transceivers and Is
applied to he 74L.S273 (E28 and E24) output buffers. These buffers are
then clocked by CHANHB and CHANLB, thus placing the data on the
16 OUT lines to the user’s device.

For output data transfers (DATO), the user’s device places data on the
16 IN lines to the 74LS367 3-state drivers. The drivers are enabled by
DATEX L, which Is asserted during a DATO cycle. The data passes
through the drivers, is applied to the internal 3-state bus and, via the
DCO005 transceivers, to the LSI-11 bus.

Miscellaneous Logic

Miscellaneous logic is shown in Figure 5. This logic includes CSR,
output buffer and input driver control, non-existent address time-out,
DCO005 transceiver receive/transmit control, the control/status register
(CSR), additional transceivers (8641s), and the “B” request flip-fiop.

The CSR, output buffers, and input driver control receive INWD L,
OUTHB L, OUTLB L, SEL 4 L, SEL 6 L, DATN H, and DIN H. These
signals are gated to produce enable signals for the CSR, the output
buffers, and the input drivers. CSR RD Is produced by INWD L and
SEL 4 L to enable the CSR data (DATA 5 through DATA 14) (Figure 5,
sheet 1) to pass through the 74LS367 3-state drivers and onto the LSI-
11 bus via the DC005 transceivers. OUTHB L, OUTLB L, SEL 4 L, and
MRPLY L produce either CSRWHB L or CSRWLB L for writing bit 6 of
the CSR (74LS74 E10 on Figure 3, sheet 1), or for clocking the “B”
request flip-flop. DATEX L enables the 74LS367 3-state input drivers
(Figure 5, sheet 1) during an “input” cycle. The CHANHB and CHANLB
signals clock the 74LS273 output buffers during an “output” cycle.
When bytes are transferred, OUTHB L, MRPLY L and SEL 6 L enable
the high byte (CHANHB L asserted), while OUTLB L, MRPLY and SEL
6 L enable the low byte (CHANLB L). Both bytes are simultaneously
transferred (word transfer) when DIN H is negated.
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The non-existent address time-out provides a 10 us time-out in the
event that a non-existent address is requested on the LSI-11 bus dur-
ing a DMA operation. This prevents hanging-up the LS-11 bus for
periods longer than 10 us. When the DC010 becomes bus master,
ADREN H is asserted and cocks the 10 us one-shot (E8). Normally
RPLY L from the LSI-11 bus goes low and the one-shot is cleared.
However, if RPLY L is high (nho response from slave), the one-shot
times out and cocks the 74LS74 flip-flop (E9). The flip-flop is set,
generating (TOS + INIT) L; this signal is applied to the DC010 (Figure
4, sheet 1) clearing the internal synchronization circuit and releasing
the LSI-11 bus. The signal (TOS + INIT) H resets the request flip-flop
(E10). The 74LS74 flip-flop (E9) can be set and reset with CSRW HB
and DATA 15 (CSR bus time-out). This flip-flop is automatically reset

I SPARES

| 7415221

—_————— — ———— o8 .
“B" AEQUEST FLIP-FLOP DATAS =0

03 1
RWLE —] C
oarar 2p o2 sosten oS

csrwis—Hc

(Sheet 1 of 3)
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Figure5 Typical Application (Miscellaneous Logic)
(Sheet 2 of 3)
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8641 QUAD TRANSCEIVERS

2 ‘BRPLY L/AF2
TRPLY )
RPLY H
5 | BDIN L/AH2
TOIN 4 6
RDIN
1
" BSYNC L/AJ2
TSYNC
12 10
RSYNC
14 BDOUT L/AE2
TDOUTH - 5 13
RDOUT
-
8641/E1
9
l 7 ;
= 14 BSACK L/BN1
MASTER H 15 1
" DATN L
12
19 patnm
2 INWDL
! 3 inwoH
-
5 WCNTO H
4 £ wentoL
8841/E2
_lq
9
—Q}

—— — — T — — — — G S— — T S— — — Sw—

Figure5 Typical Application (Miscellaneous Logic)
(Sheet 3 of 3)
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The DCO005 transceiver receive/transmit control determines the state
of the DCO05 tranceivers. Normally, the transceivers are in the receive
state to accept device addresses from the LSI-11 bus. When RECH is
asserted (high), XMIT is negated (low). XMIT is asserted (high) when
transferring data to the LSi-11 bus (TDOUT, DATEN, and ADREN are
high; TRPLY, INWD are low). REC is asserted (high) when receiving
data from the LSI-11 bus (TDOUT, DATEN, and ADREN are low;
TRPLY, INWD are high).

The control/status register (CSR) (Figure 5, sheet 1) has six active bits
and is a read/write register comprised of 74LS367 3-state drivers and
flip-flops which are part of other logic circuits shown in Figure 3, sheet
1, and Figure 5, sheet 2. Figure 6 shows the CSR format. The CSR bits
are described in Table 1.

UNUSED UNUSED
r Al L ~ Il
15 14 13 09 08 07 06 05 04 00
T T T T
) L 1 1 e i 1 1
INTERRUPT USER INTERRUPT
ENABLE TRANSFER ENABLE
FORBIT 15 REQUEST FORBIT7
BUS TIME-OUT ) BLOCK TRANSFER
(NON-EXISTENT . COMPLETE
ADDRESS) (WORD COUNT
OVERFLOW)

TRANSFER DIRECTION
SELECT BIT
DATO/DATI
170

Figure6 Control/Status Register (CSR) Format

The quad transceivers (8641) shown in Figure 3 sheet 3, supplement
the DCO05 transceivers for interfacing to the LSI-11 bus. In this partic-
ular application, the 8641s are permanently enabled by grounding
pins 7 and 9.
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CSR Bit Descriptions

Bit Name

00 Unused

01

02

03

04

05 DATO/DATI

06 Interrupt enable
for bit 7

07 Block transfer
complete

08 User transfer
request

09 Unused

10

11

12

13

14 Interrupt enabie
for bit 15

15 Bus time-out

154

Description

When setto a 1, indicates a
DATO cycle; when setto a0,
indicates DATI bus cycle.

This bit must be set (1) to en-
able the word count overfiow
interrupt at the end of a. block
transfer. When set to 0, the in-
terrupt is inhibited.

This bit sets (1) when the word
count register overflows, pro-
viding bit 06 is set.

The user’s device must set (1)
this bit to make a bus request
and transfer data. User REQ L
(J1-PP) must be driven low (0)
to set bit 08. This bit is always
read as a zero. This is an ex-
ample for test purposes.

This bit must be set (1) to
enable the bus time-out inter-
rupt. When set to a 0, the inter-
rupt is inhibited.

This bit sets (1) when a slave
on the LSI-11 bus does not re-
spond with BRPLY within 10 us
after being addressed. Bit 14
must be set (1) to enable the
bus time-out interrupt.
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Figure7 DCO006 Simplified Block Diagram

DC006 WORD COUNT/BUS ADDRESS LOGIC (DEC # 19-14035)

The word count/bus address (WC/BA) chip 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 DMA peripheral device inter-
faces. This IC is designed to connect to the 3-state side of theDC005
transceiver. The DC006 has two 8-bit binary up-counters, one for the
word (byte) count and another for bus address. Two DC006 ICs may e
cascaded to increase register implementation.

The chip is controllied by the address latch protocol chip (DC004), the
DMA chip (DC010), and a minimum of ancillary logic. Both counters
may be cleared simultaneously. Each counter is separately loaded by
LD and the corresponding select line from the protocol chip. Each
counter is incremented separately. The WC counter (word byte
counter) is always incremented by one; the A counter (bus address)
may be incremented by one or two for byte or word addressing, re-
spectively.

Data from the DCO006 IC is placed on the 3-state bus via internal 3-
state drivers. Each counter is separately read by RD and the corres-
ponding select line.
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Figure 7 Is a block diagram of the DC006 IC while Figure 8 illustrates a
simplified logic diagram. The DC006 pin/signal description is present-
ed in Table 2.

TAUTH TABLES X = DON'T CARE
WHERE: L = TTLLOW 2 = HIGH IMPEDANCE
H = TILHIGH 1 = HIGH TO LOW TRANSITION
READ CONTROL
o INPUTS OUTPUTS macat | 20hvee
#5A | A SA | s€ D/F<7:0> SME 2 18fsc
L L L [ CLEAR ARC AND READ C cik-alls 18000
L L t H A<7:0>
L L H L €<7:0> Ro-AQa 17HMAx-C
L L H H 2z roOs 18[JCLK-C
L H X x z cNT1AL]8, 18[11280/F
H L L L CLEAR A%C AND READ A 107 14084 D/F
H L L H A<7:0>
H L H L A<7:0> 20/F[8 130032 p/F
H L H H A<7:0> 4 o/Fe 12[716 D/F
H H L L CLEAR AMC AND READ A anoOio 1De ok
H H L H A<7:0>
H H H L A<7:0>
H H H H A<7:0>
WRITE CONTROL
INPUTS
AD-A =m§, RO =A™ o Sc FUNCTION
1 U T *ILLEGAL
' L H LOAD A<7:0>
i M L LOAD €<7:0>
x H H || WC/BA NOT SELECTED
H L L CLEAR BOTH COUNTERS
H L H LOADING DISABLED
H H L LOADING DISABLED
*ILLEGAL CONDITION BECAUSE A LOAD OPERATION AND A CLEAR
OPERATION IS ATTEMPTED SIMULTANEOUSLY. RESULT OF THIS
OPERATION IS TO CLEAR BOTH COUNTERS.
T CNT1A W MAXA L %> - AM
CNTIA L t Yo H 00 -
0.
CLK-AL 1: ~Qcuka L A AN :7,: 1280F H
RH 0!
sct ;' a counten O = Qo
¥ e e e
+ R3 = UFsig
—————— 320 F H
R L A
oF 10N
cau Wil
Al . %lﬁn L]
Flid
@ "_ j%:n N
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8 8IT BINARY M W0Fm
up counter 39 7
02
Lot LoC u aftl o, [cow Sl
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MAXC L ———qD—un cH

- un

Figure'8 DC006 Simplified Logic Diagram
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DC010 DIRECT MEMORY ACCESS LOGIC (DEC # 19-14038)

The Direct Memory Access (DMA) chip 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 for primary use in DMA peripheral device interfaces using the
LSI-11 bus.

This device provides the logic to perform the handshaking operations
required to request and to gain control of the system bus. Once bus
mastership has been established, the DC010 generates the required
signals to perform a DATI, DATO, or DATIO transfer as specified by
control lines to the chip. The DC010 IC has a control line that will allow
multiple transfers or only four transfers to take place before giving up
bus mastership.

Figure 9 is a simplified logic diagram of the DC010 IC. The logic sym-
bols and truth table are presented in Figure 10. Table 3 describes the
signals and pins of the DC010 by pin and signal name.

_D_slmu L
IMASTER L}

IMASTER §0 Hi

REQH

RPLY §'D W)

9 D
; J
IMASTER ENA)
~(INIT W) of c

INIT L

8DMGI L @:9

2011 - "
-. Aok BiNaRY
n | COUNTER e
I
O
(MASTER §D HI
(MASTER ENA)
)
T™OUT ] 5
g
==

'—((Nn CYCLE H}

END HI

CNTa W

LATCH D~ L

° ouaL ranx o~
SYNCHRONIZER

o Ty

(END L}

Figure@ DCO010 Simplified Logic Diagram
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ReQH[]1  0CO10  20Qjvce
DATIO L[]2 180T
DATINL[]3 18[IDATEN L
ADREN H[]4 170CLK H
DOUTHQS 16[JCNTA H
oINH[]6 15JRPLY H
TsynCH{ 7 143 TMOUT H
somGo L{s 1301BDMG! L
MASTER H ({9 12[JRSYNC H
ano(]10 1somAL
LOGIC SYMBOL
TRUTH
UTH TABLE INPUTS TRANSFER
WHERE L = TTL LOW DATIN | DATIO TYPE
H = TTL HIGH
X = DON'T CARE x L DATIO
L H DAT1
H H DATO

Figure 10 DCO010 Logic Symbol/Truth Table
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DDV11-B Backplane

GENERAL

The DDV11-B Is an optional LSI-11 bus expansion backplane for use
when additional logic space is required. The DDV11-Bis a9 X 6, 54-
slot backplane with a 9 X 4 slot section (18 individual double-height or
9 quad-height module slots) prebused specifically for LSI-11 bus sig-
nal, power, and ground connections. The remaining 9 X 2 slot section
is provided with +5 Vdc, GND, and —12 Vdc power connections only;
this leaves the remaining pins free for use with any special double-
height logic modules to be used in conjunction with the LSI-11 family
of modules and bus requirements.

DESCRIPTION

The DDV11-B consists of an H034 system unit mounting frame, six
H863, and three H8030 connector blocks, and the etched board bus
structure necessary for signal routing. The etched board completely
overlays the entire pin side of all connector blocks and is recessed
sufficiently to allow wire-wrapping on those same pins with 30 AWG
wire.

An optional card cage, type H0341, is also available to provide protec-
tion against physical damage to modules and to serve as a card guide.
The card cage completely surrounds the slot side of the system unit
and is shown in Figure 1. The DDV11-B can be mounted in the H909-C
enclosure.

NOTE
The H909-C includes the HO341 card guide.

7820 - 28W - AO168

Figure1 DDV11-B with H0341 Card Assembly
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CONFIGURATION

Module Slot Assignments

Figure 2 shows the slot location assignments of the DDV11-B. Rows A,
B, C, and D are dedicated to the LSI-11 bus. Any module which con-
forms to the LSI-11 bus specifications may be used in this portion of
the DDV11-B. The position numbers indicate the bus grant wiring
scheme with respect to the processor module. The bus grant signals
propagate through the slot locations in the position order shown in
Figure 2 until they reach the requesting device. Any unused slots must
be jumpered to provide bus grant signal continuity or it is recom-
mended that unused locations occur only in the highest position
numbered locations.

Rows E and F contain the 18 user-defined slots with power and ground
connections provided.

Equipment Supplied
The DDV11-B option consists of the following items:

Six H863 connector blocks
Three H8030 connector blocks
Etched board bus structure

Installation

The DDV11-B can be mounted on panels or chassis using standard
hardware. The overall dimensions of the unit are shown in Figure 3.
The HO034 mounting frame of the DDV11-B is provided with tapped
holes and clearance holes to enable the attachment of the system unit.

H0341 Card Assembly Mounting

The card assembly provides nylon guides which help to guide and
support the modules installed in the system unit. The H0341 card
assembly is supplied with the hardware necessary to mount to the
HO034 mounting frame. Figure 4 shows the method of assembly. Two
screws (item 2) and two washers (item 1) are inserted through the
clearance holes of the PC board and H034 mounting frame and into
the two threaded inserts on each bracket of the card assembly.
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Figure4 HO0341 Card Assembly Installation

DC Power and Power Signal Connections

DC power is supplied to the modules in the DDV11-B through the
backplane PC board. The power and ground leads from the external
source connect to the 7-position terminal board mounted on the edge
of the PC board as shown in Figure 3. Any suitable connector termi-
nals, solder or crimp style, may be attached to the power supply leads
and inserted under the terminal strip screws. A jumper tab is mounted
between the two +5 V screws and between the two ground (GND)
screws on the terminal board. The total current capability of the
DDV11-B and the wire size required are as follows:

Current Wire Size
Terminal (Max) (AWG)
+12V 20A 14
+5V Jumped 40 A 14
+5V
+5B 20A
GND Jumped 40A 14
GND
-12V 20A

Figure 5 identifies the power signal pins which are located at the oppo-
site end of the backplane PC board from the power terminal strip. A
mating female connector (DIGITAL P/N 12-11206-02 or 3M P/N 3473-
3) can be inserted over the pins and used to connect the external
signals to the backplane.
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Backplane Pin Assignments
Table 1 lists the backplane pin assignments for the LSI-11 bus signals and d¢c power and ground connections
onthe DDV11-B backplane. .

Table1 DDV11-B Backplane Pin Assignments

Side 2 1 2 1 2 1 2 1

Row A&C A&C B&D B&D E E F F

A +5V BSPARE1 +5V BDCOKH  +5V BLANK +5V BLANK
B —-12v BSPARE2 -12V BPOKH —-12v BLANK -12V BLANK
C GND BDAL17L GND SSPARE4 GND BLANK GND BLANK
D +12V BDAL16L +12V SSPARE5 BLANK BLANK BLANK BLANK
E BDOUTL SSPARE1 BDAL2L SSPARE6 BLANK BLANK BLANK BLANK
F BRLPY L SSPARE2 BDAL3L SSPARE7 BLANK BLANK BLANK BLANK
H BDINL SSPARE3 BDAL4L SSPARES8 BLANK BLANK BLANK BLANK
J BSYNCL GND BDALS5 L GND BLANK BLANK BLANK BLANK
K BWTBTL MSPAREA BDAL6L MSPAREB BLANK BLANK BLANK BLANK
L BIRQL MSPAREA BDAL7L MSPAREB BLANK BLANK BLANK BLANK
M BIAKIL GND BDALSL GND BLANK BLANK BLANK BLANK
N BIAKOL BDMR L BDAL9L BSACKL BLANK BLANK BLANK BLANK
P BBS7L BHALTL BDAL10L BSPARE6 BLANK BLANK BLANK BLANK
R BDMG1L BREFL BDAL11L BEVNTL BLANK BLANK BLANK BLANK
S BDMGOL PSPARE3 BDAL12L PSPARE4 BLANK BLANK BLANK BLANK
T BINIT L GND BDAL13L GND BLANK GND BLANK GND

U BDALOL +12B BDAL14L PSPARE2 BLANK BLANK BLANK BLANK
Vv BDAL1L +5B BDAL1SL +5 BLANK BLANK BLANK BLANK
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DLV11 SERIAL LINE UNIT

SPECIFICATIONS
Identification M7940
Size Double
Power +5.0vdc £ 5% at1.0A (1.6 A
max)
+12.0Vdc £+ 3% at0.18 A(0.25 A
max)
Bus loads
AC 25
DC ' 1.0
CONFIGURATION
General

The user can select the register address, parity, number of data bits,
number of stop bits, baud rate, and type of serial interface. The de-
scriptions of the registers and their standard factory addresses are
listed in Table 1. Available jumpers are shown in Figure 1 and their
applications are listed in Table 2.

Table1 Standard Addresses

Second

Register Mnemonic Console Module
Receiver control status RCSR 177560 176500
Receiver data buffer RBUF 177562 176502
Transmit control/status XCSR 177564 176504
Transmit data buffer XBUF 177566 176506
Standard vectors RCSR 060 300
XCSR 064 304
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Table2 DLV11 SLU Factory Jumper Configuration

Jumper Jumper
Designation State*

Function Implemented

A3
Ad
A5
A6
A7
A8
A9
A10
Al1
A12

IJVDID DI

v3
V4
V5
\'(]
v7

NP

2sB
NB2
NB1

PEV
FEH
EIA

FRO
FR1
FR2
FR3

CL1

- B + B

T3 I®IDID

DIV DD

CL2
CL3 (
CL4 |

This arrangement of jumpers A3 through
A12 implements the octal device ad-
dress 17756X, which is the assigned ad-
dress for the console device SLU. The
least significant digit is hardwired on the
module to address the four SLU device
registers as follows:

X =0, RCSR address

X = 2, Receive data register address

X = 4, XCSR address

X = 6, Transmit data register address -

This jumper arrangement implements
the interrupt vector: 60 for received data
and 64 for transmitted data.

No parity
Two stop bits
Eight data bits

Even parity if NP installed
Halt on framing error
12 V EIA operation enabled

110 baud rate selected

20 mA current loop active receiver and
transmitter selected

Jumpered with 180 ohm resistors

* R =removed, | = installed
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Addresses

Addresses for the DLV11 can range from 160000, through 17777X,.
The least significant three bits (only bits 1 and 2 are used; bit 0 is
ignored) address the desired register in the DLV11, as described in
Table 1.

Address bits 3 through 12 are jumper-selected as shown in Figure 2.

Since each DLV11 module has four registers, each requires four ad-
dresses. Addresses 177560-177566 are reserved for the DLV11 used
with the console peripheral device. Additional DLV11 modules should
be assigned addresses from 176500 through 176670, allowing up to 30
additional DLV11 modules to be addressed.

BDAL
BTS 15 8 7 0

1 1 1 x
l J 11 i L1 l | l l T l 1
b ‘
(PART OF
IDATA aurr:a
PR e o neceie ;%c"g;.'xe,

1 TRANSMITTB‘

ADDRESS JUMPERS:®
INSTALLED =0
REMOVED =1 RANGE* 1600008 - 1777766
cP-1802

Figure2 CSR Address Selection

Word Format
The word format for the Receiver Control/Status Register (RCSR) is
detailed in Figure 3 and is described in Table 3.

15 8 7. °
Ress | l | I I l
[ 1 1| | 1 [ | |
DATASET RECEIVER READER
STATUS DONE ENABLE
(READ ONLY) (READ ONLY) (WRITE ONLY)
RECEIVER
INTERRUPT
NABLE
(READ/WRITE)

WR-0805

Figure3 Receiver Control/Status Register (RCSR)
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Table3 RCSR Word Format

Bit

Function

15

14-8

Dataset Status — Set when CARRIER or CLEAR TO
SEND and DATA SET READY signals are asserted
by an EIA device. Read-only bit.

Not used. Read as 0.

Receiver Done — Set when an entire character has
been received and is ready for input to the proces-
sor. This bit is automatically cleared when RBUF is
addressed or when the BDCOK H signal goes false
(low). A receiver interrupt is enabled by the DLV11
when this bit is set and receiver interrupt is enabled
(bit 6 is also set). Read-only bit.

Interrupt Enable — Set under program control to
generate a receiver interrupt request when a charac-
ter is ready for input to the processor (bit 7 is set).
Cleared under program control or by the BINIT sig-
nal. Read/write bit.

Not used. Read as 0.

Reader Enable — Set by program control to advance
the paper tape reader on a teletypewriter device to
input a new character. Automatically cleared by the
new character’s start bit. Write-only bit.

The receiver data buffer register (RBUF) word format is shown in
Figure 4 and described in Table 4.

RBUF

{NOT USED) DATA AND PARITY
(5-7 BIT DATA IS RIGHT JUSTIFIED. PARITY IS BIT 7.
NO PARITY BIT (S PRESENT WHEN 8-BIT DATA IS USED.)

MR-0806

Figure4 Receiver Data Buffer Register (RBUF)
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Table4 RBUF Word Format

Bit Function
15-8 Not used. Read as 0.
7-0 Contains five to eight data bits in a right-justified

format. MSB is the optional parity bit. Read-only bits.

The transmit control/status register (XCSR) word format is shown in
Figure 5 and described in Table 5.

BREAK
(READ/WRITE)

TRANSMIT

READY
(READ ONLY)
TRANSMIT
INTERRUPT
ENABLE
(READ/WRITE)

MR-0B07

Figure5 Transmitter Control/Status Register (XCSR)

Table5 XCSR Word Format

Bit Function
15-8 Not used. Read as 0.
7 Transmit Ready — Set when XBUF is empty and can

accept another character for transmission. It is also
set during the power-up sequence by the BDCOK H
signal. Automatically cleared when XBUF is loaded.
When transmitter interrupt is enabled (bit 6 also set),
an interrupt request is asserted by the DLV11 when
this bit is set. Read-only bit.

6 Interrupt Enable — Set under program control to
generate a transmitter interrupt request when the
DLV11 is ready to accept a character for
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Table 5 XCSR Word Format (Cont)

Bit Function

transmission. Reset under program control or by the
BINIT signal. Read/write bit.

5-1 Not used. Read as 0.

Break — Set or reset under program control. When
set, a continuous space level is transmitted. BINIT
resets this bit. Read/write bit.

The transmit data buffer register (XBUF) word format is shown in
Figure 6 and described in Table 6.

T I O T

{NOT USED) DATA

MR-0808

Figure 6 Transmitter Data Buffer Register (XBUF)

Table6 XBUF Word Format

Bit Function
15-8 Not used.
7-0 Contains five to eight right-justified data bits. Load-

ed under program control for serial transmission to a
device. Write-only bits.

Interrupt Vectors

Vectors can range from 0 through 37X, Vectors 60 and 64 are re-
served for the console peripheral device. Additional DLV11 modules
should be assigned vectors following any DRV11 modules installed in
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the system starting at 300. Vector bits 3 through 7 are selectabie by the
user to form the address as described in Figure 7. The factory configu-
ration will set the receiver interrupt vector for 060 and the transmitter
interrupt vector will be set at 064.

BDAL
BITS 15 8 7 0

°1||1|l|°|°

| | I l L 0+ RECEIVER

5 ¢ % 3 3 1 = TRANSMITTER
—_—
VECTOR JUMPERS:
INSTALLED=0
REMOVED +1 RANGE :0- 374,

cp-1803

Figure 7 Interrupt Vector

UART Operation
The UART operation is programmed by using jumpers NP, 2SB, NB1,
NB2, and PEV as shown below.

Number of Data Bits

NB1 NB2
5 Installed Installed
6 Removed Installed
7 Installed Removed
8 Removed Removed

Number of Stop Bits Transmitted
2SB instalied = One stop bit
2SB removed = Two stop bits

Parity Transmitted

NP removed = No parity bit

NP and PEV installed = Odd parity

NP installed and PEV removed = Even parity

Baud Rate Selection .
Baud rate is programmed via jumpers FRO through FR3 as shown in
Table 7.
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Table 7 Baud Rate Selection

Baud Rate FR3 FR2 FR1 FRO
50 | | R |
75 l | R R
110 R R R R
134.5 | R | |
150 R R R |
200 I R | R
300 R R | R
600 | R R {
1200 R | R R
1800 R | R 1
2400 | R R R
2400 R R [ |
4800 R | | R
9600 R | | |
External | | | X
(via pin BH1)
NOTE:
| = Installed X = Irrelevant R = Removed
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EIA Interface

EIA drivers are enabled when jumper EIA is installed. This jumper
applies —12V to the EIA driver chip. It should be removed during 20
mA current loop operation.

20 mA Current Loop Interface

Jumpers CL1 through CL4 are associated with 20 mA current loop
interface operation. Remove or install CL1 and CL4 jumpers and CL2
and CL3 180 ohm resistors for the desired function as described be-
low.

The active current loop jumper configuration is shown in Figures 8 and
9.

Transmit: CL4.jumper installed
CL3 resistor installed

Receive: CL1 jumper installed
CL2 resistor installed

USE BCOSM CABLE S Z

alicey

-—

[
LS

o—oOCL2
6—OCL3
—=OCL4

OEIA

(o]

11-3924

Figure 8 20 mA Active Current Loop Jumper Configuration
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DLV1) SERIAL LINE UNIT CIRCUITS BCOSM CABLE ASSEMBLY SERIAL 20mA DEVICE
x
20mA DATA IN |J“ s FIZ ~ : Plese — semiaL -
L
(]
g2 oPTICAL I | b ! l
/ COUPLER | | ) | |
+ / REsistor .-
ACTIVE RECEIVE 20mA/TTL RCVD DATA IJ | [ | |
CURRENT LOOP ] H '
MODE ENABLE SI.ML_DA_T&(E DRI B [ I
| N 4 |
[
[}
opTicAL | 20ma DATA ouT I 1 i | ¢2 ¢l semaL our-
SO H COUPLER | KK € ] 7 < (——|— L
cL3 | | | |
L /% iron CONSTANT CURRENT I | | |
ACTIVE TRANSMIT D10DE | | | |
CURRENT L.
MODE ENABLE \ | | I |
cLa I | =N e |
wA- A 5 ¢—— SERIAL OUT+
e | ¢ i i i |__ reaoer
-12v v v | EE Ay | 4 e-l—ENABLE-
READER | *pmgn RUN | | - | | reaper
RUN PP 3 6 &—
| BN, | | o | ENABLE+
1
+12v A ;L K & | L 7 P‘—-SER!AL IN+
ACTIVE RECEIVE w—
CURRENT LOOP ac
MODE ENABLE < |
{vv

cP-1804

Figure9 Active 20 mA Current Loop Interface

The passive current loop jumper configuration is shown in Figures 10
and 11.

Transmit: CL4 jumper removed
CL3 resistor removed
Receive: CL1 jumper removed
CL2 resistor removed

The DLV11 is supplied with jumpers CL1 through CL4 wired for the
active transmit, active receive mode (Figure 9). When in this mode,
serial current limiting to 23 mA is provided by resistors (one each for
transmit and receive functions) connected to the +12V source. Note
that when module power is removed, the 20 mA transmit optical
coupler closes the serial loop (active or passive mode). When the
DLV11 is used in the passive 20 mA mode (Figure 11), the serial device
must produce the 20 mA current. Current limiting must be provided
for transmit and receive currents in the serial device.
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DLV11 SERIAL LINE UNIT CIRCUITS
(PASSIVE RECEIVE AND TRANSMIT) BCOSM CABLE ASSY SERIAL 20mA DEVICE
A A A

— — - —

,—— +5V

SERIAL
20mA DATA IN J P2 - P1 N+ OPTICAL SERIAL
T XS5 T <3 &7+ courLer [*~ DATA CuT
| | | |
e e NELE | | |
cL3 o
N\ | | | |
cuc\‘ I K T - T 7 & T SERIAL N - } sy
cL4o - ~ [Y.X4 -~ [} (—]4— SERIAL OUT -
20oma|/TTL RevopatA | H T | |
‘ Y
STHerrrserar T < © i;j
TTL SERIAL | | .
sv
DATA IN
| | | ng#ﬂﬂ [
50 H —s OPTICAL P oewnel ] ] zu | OPTICAL | SERIAL
COUPLER j20mA DATA | A | COUPLER DATA IN
out l |
| | |
-12v . e 4 ——< 4 F‘ READER ENABLE -
Y | I ; !
READER | i ) |
= &—— READER ENABLE +
RUN LOGIC| reapeR | <PPE | | 6 <7 € ENABLE
RUN 1 uu(—l——-
A ¢
| e

cP-1808

Figure 10 Passive 20 mA Current Loop Interface

USE BCO5M CABLE S Z

P
o
-]

-0
-4 - Jd 4
0o 0o0o ,_é__
O QP I
(o] oo

<

H

w

o

o

1-3851

Figure 11 20 mA Passive Current Loop Jumper Configuration

Framing Error Halt

A framing error halt allows entry to console microcode directly from
the console device by pressing the BREAK key, producing a framing
error. A framing error occurs when the received character has no valid
stop bit. This error condition is detected by the UART. FEH is factory-
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installed, causing the assertion of BHALT L when the framing error is
detected. The processor then executes console microcode.

Installation

Prior to installing the DLV11 on the backplane, first establish the de-
sired priority level to determine the backplane slot in which the mod-
ule will be installed. Then, check that jumpers are removed or installed
as described for your application. Connection to the peripheral device
is via an optional data interface cable. Cables are listed below.

Application Cable Type*
EIA Interface BCO1V-X or BCO5C-X Modem Cable
20 mA Current Loop BCO5M-X Cable Assembly

* The -X in the cable number denotes length in feet, as follows: -1, -6, -10, -20,
-25. For example, a 10-ft EIA interface cable wouid be ordered as BC05C-10.

Interfacing with 20 mA Current Loop Devices

When interfacing with 20 mA current loop devices, the BCO5M cable
assembly provides the correct connections to the 40-pin connector on
the DLV11. The peripheral device end of the cable is terminated with a
Mate-'N'-Lok connector.

The complete interface circuit provided by the BCO5M cable and the
associated DLV 11 jumpers is shown in Figure 10.

NOTE
When the DLV 11 is used with teletypewriter devices,
a 0.005 uF capacitor must be installed between split
lugs TP1 and TP2.

After configuring the module jumpers and installing the proper inter-
face cable, the DLV11 can be installed in the backplane.

Interfacing with EIA-Compatible Devices

When interfacing with EIA devices, the BC01V or BCO5C modem cable
provides the correct connection to the 40-pin connector on the DLV11.
The peripheral device end of the cable is terminated with a Cinch
DB25P connector that is pin-compatible with Bell 103 or 113 modems.
Connector pinning and signal levels conform to EIA specification RS-
232C. The complete EIA interface circuit is shown in Figure 12; jump-
ers are shown in Figure 13.
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OPTIONAL HARDWARE

Cables .
BCO5M 20 mA; H856 to Mate-'N’-Lok female
BCO05C EIA; H856 to Cinch 25-pin male.

DLVIt SERIAL LINE UNIT CIRCUITS MODEM CABLE EIA INTERFACE

A A

N

— ——h—
N M J' REQUEST TO SEND (CINCH DB25F)
9. v € T {4 (—|—> CA

o—

DATA TERMINAL READY | ¢20¢ i ¢
EIA DATAIN

L RECEIVED DATA < I
J 3 B8
< e T
{ | I |
| | | |
EIA/TTL_RCVD DAYA L ¢m | |
| |
st TTL AL DATAIN | o ¢ | I
1 |
|

+12v | | [
| .
son . TRANSMITTED DATA 2¢ e o
ETA ! { |
-12v P b
L <88 ¢ : CARRIER (o &d—cr
E£IA TRANS DATA
ENABLE JUMPER 10 Gk <1 CLEAR 70 SEND <5 ¢ co
SELECTION
AND GATING | «——— z | DATA SET READY s %:- o
! [
| 1
BuSY. ‘ H | |
+3v 1> = 4 i : 25 lh
| ]
L¢a¢ | PROTECTIVE GROUND : :
i }
I | pROTECTIVE GROUND |
vv 1 AA
: 8 + SIGNAL GROUND {7 ( AB
! (uyel SIGNAL GROUND
CP-18086
Figure 12 EIA Interface
USE BCOIV OR BCOSC CABLE E Z
l ° o

O——O EIA

11-3925

Figure 13 EIA Jumper Configuration
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Connectors

H856

Cinch DB25S
Mate-'N’-Lok (male)
Mate-'N'-Lok (male)
Mate-'N'-Lok (female)
Mate-'N'-Lok (female)

Miscellaneous
BCO5F

BCO3P

H312A

DLV11

To module

To BCO5C

12-09340-01 connector
12-09378-01 contacts
12-09340-00 connector
12-09379-01 contacts

20 mA extension cable
(Mate-'N’-Lok to Mate-'"N’-Lok)
Null modem Cable

(female Cinch to female Cinch)
Null modem

179



DLV1i1-E
DLV11-E ASYNCHRONOUS LINE INTERFACE

GENERAL

The DLV11-E is an asynchronous line interface module that interfaces
the LSI-11 bus to any of several types of serial communications lines.
The module receives serial data from peripheral devices, assembles it
into parallel data, and transfers it to the LSI-11 bus. It accepts data
from the LSI-11 bus, converts it into serial data, and transmits it to the
peripheral devices. The DLV11-E offers full modem control and EIA-
type interface.

FEATURES

e Jumper- or program-selectable, crystal-controlled baud rates: 50,
75, 110, 134.5, 150, 300, 600, 1200, 1800, 2000, 2400, 3600, 4800,
7200, 9600, and 19,200. Split transmit and receive baud rates are
possible.

e Provisions for user-supplied external clock inputs for baud rate con-
trol.

e Jumper-selectable data bit formats.

e LSI-11 bus interface and control logic for interrupt processing and
vectored addressing of interrupt service routines.

e Full modem control (Bell 103, 113, 202C, 202D, and 212-compati-
ble).

SPECIFICATIONS
Identification M8017
Size Double
Power +5.0 Vdc +5% at 1.0A
+12.0Vdc £3% at0.18 A
Bus loads
AC 1.6
DC 1.0
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DESCRIPTION

General

Major functions contained on the DLV11-E are shown in Figure 1.
Communications between the processor and the DLV11-E are execut-
ed via programmed 1/0 operations or interrupt-driven routines.

Bus Interface

The bus interface circuit signal lines consist of data moving between
the LSI-11 bus and the module’s internal tri-state bus. It decodes the
device address and produces an address match (MATCH H) signal
and it places interrupt vectors on the LSI-11 bus. The bus interface
receives from the LSI-11 bus unless it is switched to transmit to the
LSI-11 bus. The interrupt logic can cause the bus interface to transmit
either a transmitter or receiver interrupt vector and the 1/0 control
logic can cause the bus interface to transmit to or receive data from
the LSI-11 bus.

The bus interface receives LSI-11 bus lines BDALOO L through
BDAL15 L and places them on the module’s tri-state bus. {f BBS7 L is
asserted, the circuit decodes BDALO3 L through BDAL12 L and as-
serts MATCH H. Jumpers A3-A12 are configured to allow the option to
respond to specific device register addresses. Jumpers V3-V8 select
the options’ interrupt vector.

I/0 Control Logic

When the 1/0 control logic receives MATCH H from the bus interface,
it decodes tri-state bus lines DAT00 H through DAT02 H and selects
the addressed device register. The 1/0 control logic exchanges bus
control signals with the processor to perform input and output data
transfers.
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During an interrupt transaction, VECTOR H from the interrupt logic
causes the circuit to assert BRPLY L in response to BDIN L. During
data transactions, the 1/0 control logic asserts INWD L to switch the
bus interface transcelivers from receiving to transmitting.

Control/Status Registers
The receiver control/status register (RCSR) and the transmitter con-
trol/status register (XCSR) are enabled by selection signals from the
I/0 control logic. The CSRs are byte addressable for reading status
bits or writing control bits.

Data Buffers )

The receiver buffer (RBUF) and transmitter buffer (XBUF) provide
double-buffering, in that one byte of data can be held while another
byte is entering or exiting. This allows asynchronous, full-duplex oper-
atlon. Data is handled in the low byte of the registers. The buffer
control circuitry places receiver buffer error flag bits in the high byte of
the RBUF. It also sends a status bit to the RCSR and a framing error bit
(FE H) to the break logic.

Receiver Active Circuit

This circuit monitors the received serial data line and sets a status bit
(RCVR ACT) as soon as the RBUF begins receiving data. It clears the
bit when a character of data has been received. -

Interrupt Logic .

The DLV11-E can generate transmitter interrupts. If the XBUF is ready
to serialize another character of data and the transmitter interrupt
enable bit is set in the XCSR, the interrupt logic requests to interrupt
the processor (by asserting BIRQ L.) If the processor acknowledges
via the BIAKI/BIAKO daisy-chain, the interrupt logic asserts VECTOR
H and VECRQSTB H. These signals cause the bus interface to place
the transmitter function interrupt vector address on the LSI-11 bus.

The module also can request a receiver Interrupt if the RBUF has
received a character and the receiver interrupt bit is set in the RESR.
When the interrupt request is acknowledged, the interrupt logic as-
serts VECTOR H. VECTOR H causes the bus interface circuit to place
the receiver function interrupt vector on the LSI-11 bus. (VECRQSTB
H is used only for a transmitter interrupt.)
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The DLV11-E also generates a receiver interrupt as a result of data set
status. If the data set interrupt enable bit is set in the RCSR, a receiver
interrupt will result from a change of state on any of the modem con-
trol lines (ring, clear to send, carrier, or secondary received data).

The interrupt acknowledge daisy-chain (BIAKI/BIAKO) passes
through both the receiver and transmitter sections of the interrupt
logic. It goes through the receiver section first, thereby giving the
receiver channel priority over the transmitter channel.

Baud Rate Control

The baud rate control establishes the speed at which the data buffers
handle serial data. It produces clock signals by dividing a crystal oscil-
lator frequency by an amount selected by jumpers or the program.
The circuit can be jumpered to generate either independent transmit-
ter and receiver clocks (split speed operation) or a common clock
(common speed operation).

When the programmable baud rate enable bit is set in the XCSR, the
baud rate control decodes tri-state bus lines DAT12 H through DAT15
H. These bits control the receive baud rate in split speed operation
and both transmit and receive baud rate in common speed operation.
When programmable baud rate is not enabled, the baud rates are
controlled by jumpers. In split speed operation, jumpers R0-R3 con-
trol the receive baud rate and jumpers T0-T3 control the transmit baud
rate. In common speed operation, R0-R3 control both baud rates.

The circuit also has provisions for a user-supplied external clock.

Break Logic

A break signal is a continuous spacing condition on the serial data
line. If the break bit is set in the XCSR, the module will transmit a break
signal to the peripheral device (normally another processor). If the
module receives a break signal from the peripheral device (normally a
console device), the RBUF control circuitry interprets the absence of
stop bits as a framing error. The circuit can be jumpered to ignore the
framing error, to place the processor in the halt mode, or to cause the
processor to reboot. The break logic asserts BHALT L to halt the
processor. It negates BDCOK H to reboot.
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Maintenance Mode Logic

The modules can check out their data paths up to (but not including)
the peripheral interface circuit by looping the XBUF's serial output
back to the RBUF'S serial input. Data from the LSI-11 bus still goes to
the peripheral device, but no data is received from the peripheral in
this maintenance mode. The program can compare received (looped)
data with transmitted data to check for errors. The maintenance mode
is entered by setting the maintenance bit in the XCSR.

Signal Peripheral Interface

This circuit converts the module's TTL levels to EIA standard levels for
modem control. It receives ring, carrier, clear to send, and secondary
received data from the data set. It transmits data terminal ready, re-
quest to send, force busy, and secondary transmitted data to the data
set. (Request to send and force busy are jumper-selectable.) If data
set interrupts are enabled, a change in state on any of the received
control lines initiates a receiver interrupt. Data is received on the
received data line and transmitted on the transmitted data line. Hand-
shake sequences are under program control.

DC-to-DC Power Inverter

The power-inverter uses the +12V from the backplane to produce —
12V for the peripheral interface and data buffer circuitry. It consists of
an oscillator, rectifier, inductive charge pump, and a zener regulator.

CONFIGURATION

General

The following paragraphs describe how the user can configure the
module to function within his system. The user can select the register
addresses, interrupt vectors, data format, baud rate, and interface
mode. The descriptions of the registers and their standard factory
addresses are listed in Table 1. The jumpers used on this module
consist of wire-wrap pins to which the connections are made; their
locations are shown in Figures 2 and 3. A complete listing of the
jumpers and a description of their functions are contained in Table 2.

Addresses for the DLV11-E can range from 160000 through 177770,.
The least significant three bits (only bits 1 and 2 are used; bit 0 is
ignored) address the desired registers in the module, as described in
Table 1. Address bits 3 through 12 are jumper-selected as illustrated
in Figure 3.
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Since each module has four registers, each requires four addresses.
Addresses 177560—177566 are reserved for the module used with the
console peripheral device. Additional ‘'modules should be assigned
addresses from 175610 through 176176, allowing up to 30 additional
DLV11-E modules to be addressed.

Table1 Standard Assignments

Console Second
Description Mnemonic  Module Module
Register
Receiver Control/Status RCSR 177560 175610
Receiver Data Buffer RBUF 177562 175612
Transmit Control/Status XCSR 177564 175614
Transmit Data Buffer XBUF 177566 175616
Interrupts
Receiver 60 300
Transmitter : 64 304
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Figure3 DLV11-E Addressing
Table2 DLV11-E Jumper Definitions

NOTE
Jumpers are inserted to enable the function they
control except for those jumpers which indicate ne-
gation (such as “—B"” and “E"). Negated jumpers are
removed to enable the functions they control.

Jumper

Function

A3-A12

V3-v8

RO-R3

TO-T3

These jumpers correspond to bits 3 through 12 of
the address word. When inserted, they will cause the
bus interface to check for a true condition on the
corresponding address bit. -

Used to generate the vector during an interrupt
transaction. Each inserted jumper will assert the cor-
responding vector bit on the LSI-11 bus.

Receiver and transmitter baud rate select jumpers
during common speed operation.

Receiver-only baud rate select jumpers during split
speed operation as defined in Table 3.

Transmitter baud rate select jumpers during split
speed operation.

Both receiver and transmitter baud rate if mainte-
nance mode is entered during split speed operation
as defined in Table 3.
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Jumper is inserted to enable break generation.
Jumper is inserted for operation with parity.
Removed for even parity; inserted for odd parity.

These jumpers select the desired number of data
bits, as defined in Table 4.

Jumper is inserted to enable the programmable
baud rate capability. ’

These jumpers are inserted for common speed op-
eration. (Note that S and S1 must be removed when
C and C1 areinserted.)

Inserted for split speed operation. (Note that C and
C1 must be removed when S and S1 are inserted.)

This jumper is inserted to assert BHALT L when a
framing error is received, except when the mainte-
nance bit is set. This places the processor in the halt
mode.

Jumper B is inserted to negate BDCOK H when a
break signal or framing error is received, except
when the maintenance bit is set. This causes the
processor to reboot. (Jumper —B must be removed
when B is inserted.)

Jumper is removed to force data terminal ready sig-
nal on.

Jumper is removed to force request to send signal
on.

This jumper is inserted to enable normal transmis-
sion of the request to send signal.

Inserted to enable transmission of the force busy
signal (for Bell model 103E data sets).

These are test jumpers used during the manufacture
of the module. They are not defined for field use.
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Interrupt Vectors

The interrupt vectors are selected by using jumpers V3 to V8. The
standard configuration is shown in Figure 4 and Table 1. The vectors
can range from 001 through 774. Note that vectors 60 and 64 are
reserved for the console device. Additional DLV11-E modules should
be assigned vectors following any DRV11 parallel interface modules
installed in the system that start at address 300.

i BoponoonnnnooEnn

08
R R
SELECTED BY USER . I I | l l I L O *RECEIVER
ASSERTED BY INTERRUPT & 5§ § % S 2 1 s TRANSMITTER
LOGIC CIRCUIT CONTROLLED BY INTERRUPT
VECTOR JUMPERS: LOGIC CIRCUIT.
INSTALLED= 1
REMOVED+0

RANGE=0-7740

Figure4 DLV11-Einterrupt Vector

n-4912

Baud Rate Selection
The DLV11-E allows the user to configure jumpers T0-T3 and RO-R3
for the transmit baud rate and the receiver baud rate as shown in
Table 3. -

Data Bit Selection

The number of data bits being transmitted or received by the DLV11-E
is user-selectable by installing or removing jumpers 1 and 2. The
specific number of data bits as controlled by the configuration of
jumpers 1 and 2 is shown in Table 4.

Factory Configuration

The user can reconfigure any of the jumpers to make the module meet
his requirements. The factory configuration as shipped is shown in
Table 5 to help the user determine if any changes are required.

Registers
The word format for the DLV11-E CSR is shown in Flgure 5 and its
functions are described in Table 6.
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Table3 DLV11-E Baud Rate Selection
Bit Bit  Bit Bit Bit

Program Control 15 14 13 12 11*
* Recelve Jumpers R3 R2 R1 RO

Baud
Transmit Jumpers T3 T2 ™ TO
Rate

| | | |
50

| | I R
75

| | |
110

| | R
134.5

| R | |
150

| R | R
300

I R R |
600

| ‘R R R
1200

R | | |
1800

R | l R
2000

R I R |
2400

R | R R
3600

R R | I
4800

R R 1 R
7200

R R |
9600

R R R
19200

| = jumper inserted = program bit cleared.

R = jumper removed = program bit set.

* Bit 11 of the XCSR (write-only bit) must be set in order to select a new baud
rate under program control. Also, jumper PB must be inserted to enable
baud rate selection under program control.
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Table 4 DLV11-E Data Bit Selection

Jumpers Number of Data Bits
2 1
| | 5
i R 6
R | 7
R R 8

Table5 DLV11-E Factory Jumper Configuration

Jumper Jumper

Designation State Function implemented

A3 | Jumpers A3 through A12 implement de-
A4 R vice address 17561X. The least signifi-
A5 R cant octal digit is hardwired on the mod-
A6 R ule to address the four device registers
A7 I as follows:

A8 I X=0 RCSR

A9 . X=2 RBUF

A10 R X=4 XCSR

A11 l X=6 XBUF

A12 ]

v3 R This jumper selection implements inter-
V4 R rupt vector address 300, for receiver

V5 R interrupts and 304, for transmitter inter-
V6 | rupts.

\"4 |

vs8 R

RO i This module is configured to receive at
R1 R 110 baud.

R2 |

R3 |
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TO | The transmitter is configured for 9600

T1 R baud if split speed operation is used.

T2 R

T3 R

BG | Break generation is enabled

P R Parity bit is disabled.

E R Parity type is not applicable when P is
removed

1 R Operation with eight data bits per char-

2 R acter

PB R Programmable baud rate function dis-
abled.

C | Common speed operation enabled.

C1 i

S R Split speed operation disabled.

S1 R

H R Halt on framing error disabled.

B R Boot on framing error disabled.

-B l

FD | The data terminal ready signal is not
forced continuously true.

RS | The circuitry controlling the request to
send signal is enabled.

FB R The force busy signal is disabled.

EF R Error flags are enabled.

MT R Maintenance bit is disabled.

M R Factory test jumpers. Not defined for

M1 R field use.

15 14 3 12 1 10 T 8 06 0S 04 03 02 01 00

1-498e

Figure5 DLV11-E RCSR Register Word Format
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-Table6 DLV11-E RCSR Bit Assignments

Bit: 15 Name: DATA SET INT

Description: (Data Set Interrupt)

This bit initiates an interrupt sequence provided the DSET INT ENB
(bit 5) is also set. .

This bit is set whenever CAR DET, CLR TO SEND, or SEC REC
changes state, i.e.; on a 0 to 1 or 1 to 0 transition of any one of these
bits. It is also set when RING changes from 0 to 1.

Cleared by INIT or by reading the RCSR. Because reading the register
clears the bit, it is, in effect, a “read-once” bit.

Bit: 14 Name: RING

Description: When set, indicates that a ringing signal is being re-
ceived from the data set. Note that the ringing signal is not a level but
an EIA control with a duty cycle of 2 seconds ON and 4 seconds OFF.
Read-only bit.

Bit: 13 Name: CLRTO SEND

Description: (Clear to Send)

This state of this bit is dependent on the state of the clear to send
signal from the data set. When set, this bit indicates an ON condition;
when clear, it indicates an OFF condition.

Read-only bit.

Bit: 12 Name: CARDET

Description: (Carrier Detect)

This bit is set when the data carrier is received. When clear, it indicates
either the end of the current transmission activity or an error condition.
Read-only bit.

Bit: 11 Name: RCVRACT

Description: (Receiver Active)

When set, this bit indicates that the DLV11-E’s receiver is active. The
bit is set at the center of the start bit, which is the beginning of the input
serial data from the device, and is cleared by the leading edge of
RDONE H.

Read-only bit; cleared by INIT or by RDONE H (bit 7).

Bit: 10 Name: SEC REC

Description: (Secondary Received or Supervisory Received Data)
This bit provides a receive capability for the reverse channel of a
remote station. A space (+-6V) is read as a 1. (A transmit capability is
provided by bit 3.)

Read-only bit.
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Bit: 9-8 Name: Not Used
Description: Reserved for future use.
Bit: 7 Name: RCVR DONE

Description: (Receiver Done)

This bit is set when an entire character has been received and is ready
for transfer to the processor. When set, initiates an interrupt sequence
provided RCVR INT ENB (bit 6) is also set.

Cleared whenever the receiver buffer (RBUF) is addressed. Also
cleared by INIT.

Read-only bit.

Bit: 6 Name: RCVRINT ENB

Description: -(Receiver Interrupt Enable)

When set, allows an interrupt sequence to start when RCVR DONE (bit
7) sets.

Read/write bit; cleared by INIT.
(See Note 1.)

Bit: 5 Name: DSET INT ENB

Description: (Data Set Interrupt Enable)

When set, allows an interrupt sequence to start when DATA SET INT
(bit 15) sets.

Read/write bit; cleared by INIT.
(See Note 1.)

Bit: 4 Name: Not Used
Description: Reserved for future use.
Bit: 3 Name: SEC XMIT

Description: (Secondary Transmitted or Supervisory Transmitted
Data) .

This bit provides a transmit capability for a reverse channel of a re-
mote station. When set, transmits a space (approx. +11.5V). (A re-
ceive capability is provided by bit 10.)

Read/write bit; cleared by INIT.

Bit: 2 Name: REQ TO SEND

Description: (Request to Send)

A control lead to the data set which-is required for transmission. A
jumper on the DLV11-E ties this bit to REQ TO SEND or force busy in
the data set.

Read/write bit; cleared by INIT.
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Bit: 1 Name: DTR )

Description: (Data Terminal Ready)

A control lead for the data set communication channel. When set,
permits connection to the channel. When clear, disconnects the inter-
face from the channel.

Read/write bit; must be cleared by the program; is not cleared by INIT.
(See Note 2.)

NOTES
1. When clearing an interrupt enable bit, first set the appropriate

processor status bit = 1. After the interrupt enable bit at the mod-
ule is cleared, the processor may be returned to its normal
priority.

2. The state of this bit is not defined after power-up.

3. INIT = LSI-11 bus BINIT signal assertion.

The word format for the DLV11-E RBUF register is shown in Figure 6
and its functions are described in Table 7.

15 14 13 12 n 10 09 08 (14 06 05 04 03 02 o1 00

Jr

OR
ERR

FR P

ERR ‘ ERR RESERVED RECEIVED DATA BITS I

11- 4966

Figure6 DLV11-E RBUF Register Word Format

Table 7 DLV11-E RBUF Bit Assignments

Bit: 15 Name: ERROR

Description: (Error)

Used to indicate that an error condition is present. This bit is the
logical OR of OR ERR, FR ERR, and P ERR (bits 14, 13, and 12,
respectively). Whenever one of these bits is set, it causes error to set.
This bit is not connected to the interrupt logic. -

Read-only bit; cleared by removing the error-producing condition.

NOTE
Error indications remain present until the next char-
acter is received, at which time the error bits are
updated. INIT clears the error bits.

Bit: 14 Name: ORERR

Description: (Overrun Error)

When set, indicates that reading of the previously received character
was not completed (RCVR DONE not cleared) prior to receiving a new
character.

Read-only bit. Cleared by INIT.
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Bit: 13 Name: FRERR

Description: (Framing Error)

When set, indicates that the character that was read had no valid stop
bit.

Read-only bit. Cleared by INIT.

Bit: 12 Name: PERR

Description: (Parity Error)

When set, indicates that the parity received does not agree with the
expected parity. This bit is always 0 if no parity is selected.

Read-only bit. Cleared by INIT.

Bit: 11-8 Name: Not Used

Description: Reserved for future use.

Bit: 7-0 Name: RECEIVED DATA

Description: Holds the character just read. if less than eight bits are
selected, then the buffer is right-justified into the least significant bit
positions. In this case, the unused bits are read as 0s.

Read-only bits; not cleared by INIT.
NOTE
INIT = LSI-11 bus BINIT signal assertion.
The word format for the DLV11-E XCSR register is shown in Figure 7

and its functions are described in Table 8.
15 14 13 12 1t 10 [+}:) o8 o7 06 0s

PBR | PBR | PBR | PBR | PBR x| X7
SEL | SEL | SEL | SEL | SEL RESERVED ROY INT
3 2 1 | 0o [ENB .| ENB

04 03 02 o1 00
RE - fﬂ
RESERVED IMNT'SERVEBIBRE

1-4967

rigure7 DLV11-E XCSR Register Word Format

Table8 DLV11-E XCSR Bit Assignments

Bit: 15-12 Name: PBR SEL

Description: (Programmable Baud Rate Select)

When set, these bits choose a baud rate from 50-9600 baud.
See Table 3.

Write-only bits.

Bit: 11 Name: PBRENB

Description: (Programmable Baud Rate Enable)

This bit must be set in order to select a new baud rate inciated by bits
12to 15.

Write-only bits.
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Bit: 10-8 Name: Not Used
Description: Reserved for future use.

Bit: 7 Name: XMIT RDY

Description: (Transmitter Ready)

This bit is set when the transmitter buffer (XBUF) can accept another
character. When set, it initiates an interrupt sequence provided XMIT
INT ENB (bit 6) is also set.

Bit: 6 Name: XMITINT ENB

Description: (Transmitter Interrupt Enabie)

When set, allows an interrupt sequence to start when XMIT RDY (bit 7)
is set.

Read/write bits; cleared by INIT.

(See Note.)

Bit: 5-3 Name: Not Used
Description: Reserved for future use.
Bit: 2 Name: MAINT

Description: Used for maintenance function. When set, connects the
transmitter serial output to the receiver serial input while disconnect-
ing the external device from the receiver serial input. It aiso forces the
receiver to run at transmitter baud rate speed when common speed
operation is enabled.

Read/write bit; cleared by INIT.

Bit: 1 Name: Not Used.
Description: Reserved for future use.
Bit: 0 Name: BREAK

Description: When set, transmits a continuous space to the external
device.

Read/write bit; cleared by INIT.

NOTE
When clearing an interrupt enable bit, first set the
appropriate processor status word bit = 1. After the
interrupt enable bit at the module is cleared, the
processor may be returned its normal priority.

The word format for the DLV11-E XBUF register is shown in Figure 8
and its functions are described in Table 9.
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16 08 07 00

RESERVED TRANSMITTER DATA BUFFER

11-6166

Figure8 DLV11-E XBUF Register Word Format

Table9 DLV11-E XBUF Bit Assignments

Bit: 15-8 Name: Not Used
Description: Not defined. Not necessarily read as 0s.

Bit: 7-0 Name: TRANSMITTER DATA BUFFER
Description: Holds the character to be transferred to the external
device. If less than eight bits are used, the character must be loaded
so that it is right-justified into the least significant bits.

Write-only bits. Not necessarily read as Os.

Installation

Prior to installing the DLV11-E on the backplane, first establish the
desired priority level to determine the backplane slot in which the
modaule will be installed. Then, check that module configuration jump-
ers are configured as required for your application. Connection to the
peripheral device is via an optional BCO5C-X* modem cable for EIA
interface applications.

The BCO5C cable provides the correct connection to the 40-pin con-
nector on the DLV11-E. The peripheral device end of the cable is
terminated with a Cinch DB25P connector that is pin-compatible with
Bell 103, 113, 202C, 202D, and 212 modems. Connector pinning and
signal levels conform to EIA specification RS-232C. The EIA interface
circuit is shown in Figure 9; jumpers are shown in Figure 2.

*X= Length in feet. Standard length is 25 feet.
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DLV11-F ASYNCHRONOUS LINE INTERFACE

GENERAL

The DLV11-F asynchronous line interface module interfaces the LSI-
11 bus to any of several standard types of serial communications lines.
The module receives serial data from peripheral devices, assembles it
into parallel data, and transfers it to the LSI-11 bus. It accepts data
from the LSI-11 bus, converts it into serial data, and transmits it to the
peripheral devices. The DLV11-F supports either 20 mA current loop
or ElA-standard lines, but does not include modem control.

FEATURES
e Jumper- or program-selectable, crystal-controlied baud rates: 50,

75, 110, 134.5, 150, 300, 600, 1200, 1800, 2000, 2400, 3600, 4800,
7200, 9600, and 19,200. Split transmit and receive baud rates are
possible.

e Provisions for user-supplied external clock inputs for baud rate con-
trol.

e Jumper-selectable data bit formats.

e LSI-11 bus interface and control logic for interrupt processing and
vectored addressing of interrupt service routines.

e Control, status, and data buffer registers directly accessible via
processor instructions.

e Support for “data leads only” modem (Bell type 103, 113).

e Generation of reader run signal for use with ASR-type terminals
(when equipped with reader run relay).

SPECIFICATIONS
Identification M8028
Size Double
Power +5.0Vdc +5% at1.0A
. +12.0Vdc £3% at0.18 A

Bus loads

AC 2.2

DC 1.0
DESCRIPTION
General

Major functions of the DLV11-F are shown in Figure 1. Communica-
tions between the processor and the DLV11 are executed via pro-
grammed |I/0 operations or interrupt-driven routines.
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‘Bus Interface

The bus interface circuit signal levels consist of data moving between
the LSI-11 bus and the module's internal tri-state bus. The interface
decodes the device address and produces an address match (MATCH
H) signal, and places interrupt vectors on the LSI-11 bus. The interface
receives from the LSI-11 bus unless it is switched to transmit to the
LSI-11 bus. The interrupt logic can cause the bus interface to transmit
either a transmitter or a receiver interrupt vector; the 170 control logic
can cause the interface to transmit or receive data to or from the LSI-
11 bus.

The interface receives LSI-11 bus lines BDALOO L through BDAL15 L
and places them on the module’s tri-state bus. If BBS7 L is asserted,
the circuit decodes BDALO3 L through BDAL12 L and asserts MATCH
H. Jumpers A3-A12 are configured to et the option respond to specif-
ic device register addresses. Jumpers V3-V8 select the option’s inter-
rupt vector.

1/0 Control Logic

When the 1/0 control logic receives MATCH H from the bus interface,
it decodes tri-state bus lines DAT00 H through DAT02 H and selects
the addressed device register. The 1/0 control logic exchanges bus
control signals with the processor to perform input and output data
transfers. During an interrupt transaction, VECTOR H from the
interrupt logic causes the circuit to assert BRPLY L in response to
BDIN L. During data transactions, the I/0 control logic asserts INWD L
to switch the bus interface transceivers from receiving to transmitting.

Control/Status Registers
The receiver control/status register (RCSR) and the transmitter con-
trol/status register (XCSR) are enabled by selection signals from the
170 control logic. The CSRs are byte addressable for reading status
bits or writing control bits.

Data Buffers

The receiver buffer (RBUF) and transmitter buffer (XBUF) provide
double-buffering in that one byte of data can be held while another
byte is entering or exiting. This allows asynchronous, full duplex oper-
ation. Data is handled in the low byte of the registers. The buffer
control circuitry places receiver buffer error flag bits in the high byte of
the RBUF. If also sends a status bit to the RCSR and a framing error bit
(FE H) to the break logic.
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Receiver Active Circuit

This circuit monitors the received serial data line and sets a status bit
(RCVR ACT) as soon as the RBUF begins receiving data. it clears the
bit when a full character of data has been received.

interrupt Logic

The DLV11-F can generate transmitter interrupts. If the XBUF is ready
to serialize another character of data and the transmitter interrupt
enable bit is set in the XCSR, the interrupt logic requests to interrupt
the processor (by asserting BIRQ L.). If the processor acknowledges
via the BIAKI/BIAKO daisy-chain, the interrupt logic asserts VECTOR
H and VECRQSTB H. These signals cause the bus interface to place
the transmitter function interrupt vector address on the LSI-11 bus.

The module also can request a receiver interrupt if the RBUF has
received a character and the receiver interrupt bit is set in the RCSR.
When the interrupt request is acknowledged, the interrupt logic as-
serts VECTOR H. VECTOR H causes the bus interface circuit to place
the receiver function interrupt vector address on the LSI-11 bus.
(VECRQSTB H is used only for a transmitter interrupt.)

The interrupt acknowledge daisy-chain (BIAKI/BIAKO) passes
through both the receiver and transmitter sections of the interrupt
logic. It goes through the receiver section first, thereby giving the
receiver channel priority over the transmitter channet.

Baud Rate Control

The baud rate control establishes the speed at which the data buffers
handle serial data. It produces clock signals by dividing a crystal oscil-
lator frequency by an amount selected by jumpers or by the program.
The circuit can be jumpered to generate either independent transmit-
ter and receiver clocks (split speed operation) or a common clock
(common speed operation).

When the programmable baud rate enable bit is set in the XCSR, the
baud rate control decodes tri-state bus lines DAT12 H through DAT15
H. These bits control the receive baud rate in split speed operation
and both transmit and receive baud rate in common speed operation.
When programmable baud rate is not enabled, the baud rates are
controlled by jumpers. In split speed operation, jumpers R0-R3 con-
trol the receive baud rate and jumpers T0-T3 control the transmit baud
rate. In common speed operation, R0-R3 control both baud rates.

The circuit has provisions for a user-supplied external clock.
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Break Logic

A break signal is a continuous spacing condition on the serial data
line. If the break bit is set in the XCSR, the module will transmit a break
signal to the peripheral device (normally another processor). If the
module receives a break signal from the peripheral device (normally a
console device), the RBUF control circuitry interprets the absence of
stop bits as a framing error. The circuit can be jumpered to ignore the
framing error, to place the processor in the halt mode, or to cause the
processor to reboot. The break logic asserts BHALT L to halt the
processor. It negates BDCOK H to reboot.

Maintenance Mode Logic

The modules can check out their data paths up to (but not including)
the peripheral interface circuit by looping the XBUF's serial output
back to the RBUF's serial input. Data from the LSI-11 bus still goes to
the peripheral device, but no data is received from the peripheral in
this maintenance mode. The program can compare received (looped)
data with transmitted data to check for errors. The maintenance mode
is entered by setting the maintenance bit in the XCSR.

Peripheral Interface

This circuit can be jumpered to support either EIA-level data leads (no
modem control) or 20 mA current loop modes. When interfacing ElA-
level data leads (“data leads only” operation), request to send, force
busy, and data terminal ready are continuously true by separate EIA
drivers. No modem control signals are received.

In the current loop mode of operation, the circuit uses optical isolators
to interface TTL to 20 mA current loops. This operation is jumper-
selectable for either active or passive operation of the transmitter and
receiver circuitry.

The peripheral interface also produces a reader run current to ad-
vance the paper tape reader on a peripheral equipped with a reader
run relay. This is controlled by the reader enable bit in the DLV11-F's
RCSR.

DC-to-DC Power Inverter

The power inverter uses the +12V from the backplane to produce —
12V for the peripheral interface and data buffer circuitry. It consists of
an oscillator, rectifier, inductive charge pump, and a zener regulator.
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CONFIGURATION
General

The following paragraphs describe how the user can configure the
module to function within his system. The user can select the register
addresses, interrupt vectors, data format, baud rate, and interface
mode. The registers and their standard factory addresses are listed in
Table 1. The jumpers used on this module consist of wire-wrap pins to
which the connections are made; their locations are shown in Figure 2.
A complete listing of the jumpers and a description of their functions
are listed in Table 2.

Addresses

Addresses for the DLV11-F can range from 160000, through 177770,.
The least significant three bits (only bits 1 and 2 are used; bit 0 is
ignored) address the desired registers in the module, as shown in
Table 1. Address bits 3 through 12 are jumper-selected as shown in
Figure 3.

Since each module has four registers, each requires four addresses.
Addresses 177560—177566 are reserved for the module used with the
console peripheral device. Additional modules should be assigned
addresses from 176500 through 176670, allowing up to 30 additional

DLV11-F modules to be addressed.
Interrupt Vectors

The interrupt vectors are selected by using jumpers V3 to V8. The
standard configuration is shown in Figure 4 and Table 1. The vectors
can range from 001 through 774,. Note that vectors 60, and 64, are
reserved for the console device. Additional DLV11-F modules should
be assigned vectors following any DRV11 peripheral interface module
installed in the system that starts at address 300,.

Table1 Standard Assignments

Console Second
Description Mnemonic  Module Module
Register ,
Receiver Control/Status RCSR’ 177560 176500
Receiver Data Buffer RBUF 177562 176502
Transmit Control/Status XCSR 177564 176504
Transmit Data Buffer XBUF 177566 176506
Interrupts : .
Receiver 60 300
Transmitter 64 304
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Table2 DLV11-F Jumper Definitions

NOTE
Jumpers are inserted to enable the function they
control except for those jumpers which indicate ne-
gation (such as “—B"” and “E"). Negated jumpers are
removed to enable the functions they control.

Jumper

Function

A3-A12

V3-v8

RO-R3

TO-T3

BG

1,2

PB

C.C1

These jumpers correspond to bits 3 through 12 of
the address word. When inserted, they cause the
bus interface to check for a true condition on the
corresponding address bit.

Used to generate the vector during an interrupt
transaction. Each inserted jumper asserts the cor-
responding vector bit on the LSI-11 bus.

Receiver and transmitter baud rate select jumpers
during common speed operation.

Receiver-only baud rate select jumpers during split
speed operation, as defined in Table 3.

Transmitter baud rate select jumpers during split
speed operation.

Both receiver and transmitter baud rate if mainte-
nance mode is entered during split speed operation,
as defined in Table 3.

Jumper is inserted to enable break generation.
Jumper is inserted for operation with parity.

Receiver checks for appropriate parity and transmit-
ter inserts appropriate parity.

These jumpers select the desired number of data
bits, as defined in Table 4.

Jumper is inserted to enable the programmable
baud rate capability.

These jumpers are inserted for common speed op-
eration. (Note that S and S1 must be removed when
C and C1 are inserted.)
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S, $1

1A, 2A, 3A

1P, 2P

4A, 5A

3P, 4P

DLV11-F

Inserted for split speed operation. (Note that C and
C1 must be removed when S and S1 are inserted.)

This jumper is inserted to assert BHALT L when a
framing error is received, except when the mainte-
nance bit is set. This places the processor in the halt
mode.

Jumper B is inserted to negate BDCOK H when a
break signal or framing error is received, except
when the maintenance bit is set. This causes the
processor to reboot. (Jumper —B must be removed
when B is inserted.)

These three jumpers are inserted to make the 20 mA
current loop receiver active. (Jumpers 1P and 2P
must be removed when 1A, 2A, and 3A are inserted.)

These jumpers are inserted to make the 20 mA cur-
rent loop receiver passive. (Jumpers 1A, 2A, and 3A
must be removed when 1P and 2P are installed.)

Inserted to make the 20 mA current loop transmitter
active. (Jumpers 3P and 4P must be removed when
4A and 5A are inserted.)

inserted to make the 20 mA current loop transmitter
passive. (Jumpers 4A and 5A must be removed
when 3P and 4P are inserted.)

Jumper is removed to enable the error flags to be
read in the high byte of the receiver buffer.

These are test jumpers used during the manufacture
of the module. They are not defined for field use.
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RANGE = 0-7749
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Figure4 DLV11-F Interrupt Vectors

Baud Rate Selection

The DLV11-F allows the user to configure jumpers T0-T3 and R0O-R3
for the transmit baud rate and the receiver baud rate as shown in
Table 3.

Data Bit Selection

The number of data bits transmitted or received by the DLV11-F is
user-selectable by installing or removing jumpers 1 and 2. The specif-
ic number of data bits as controlled by the configuration of jumpers 1
and 2 is shown in Table 4.
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Table3 DLV11-F Baud Rate Selection

Bit Bit Bit Bit Bit
Program Control 15 14 13 12 L
Receive Jumpers R3 R2 R1 Baud
Transmit Jumpers T3 T2 ™ Rate

33

50
75
110**
134.5
150
300
600
1200
1800
2000
2400
3600
4800
7200
9600
19200

IDVI————DIID—— — —
IPV—-—-ID——-DD——DVD— —
IP-D-D—-V—-—D—I—D—D—

DIDIDIDN—————— — —

| = Jumper inserted = program bit cleared
R = Jumper removed = program bit set

* Bit 11 of the XCSR (write-only bit) must be set in order to select a new baud
rate under program control. Also, jumper PB must be inserted to enable
baud rate selection under program control.

** When configured for 110 baud, the UART is set for two stop bits.
Table 4 . DLV11-F Data Bit Selection

Jumpers Number of Data Bits
2 1
I ' I 5
| R 6
R | 7
R R 8
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Factory Configuration
The user can reconfigure any of the jumpers to make the module meet
his requirements. The factory configuration, as shipped, is shown in
Table 5 to assist the user in determining what changes are needed.

DLV11-F

Table5 DLV11-F Factory Jumper Configuration

Jumper Jumper
Designation State Function implemented
A3 R Jumpers A3 through A12 implement de-
A4 | vice address 17756X. The least signifi-
A5 | cant octal digit is hardwired on the mod-
A6 | ule to address the four device registers
A7 R as follows:
A8 1
A9 | X=
A10 ! 0 RCSR
A1l | X=
A12 | 2 RBUF
X=
4 XCSR
X=6 XBUF

v3 R This jumper selection implements inter-
V4 | rupt vector 60, for receiver interrupts
V5 i and 64, for transmitter interrupts.
vé R
v7 R
v8 R
RO | The module is configured to receive at
R1 R 110-baud.
R2 |
R3 |
TO I The transmitter is configured for 9600
T R baud if split speed operation is used.
T2 R
T3 R
BG I Break generation is enabled.
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P . R Parity bit is disabled.

E R Parity type is not applicable when P is
removed

1 R Operation with eight data bits per char-

2 R acter.

PB R Programmable baud rate function dis-
abled.

C | Common speed operation enabled.

C1 |

S R Split speed operation disabled.

S1 R

H | Halt on framing error enabled.

B R Boot on framing error disabled.

-B |

1A | The 20 mA current loop receiver is con-

2A | figured as an active receiver.

3A |

1P R

2P R

4A | The 20 mA current loop transmitter is

5A | configured for active operation.

3P R

4P R

EF | Error flags are disabled.

MT R Maintenance bit disabled.

M R Factory test jumpers. Not defined for

M1 R field use.

Registers

The word format for the DLV11-F RCSR is shown in Figure 5 and
functionally described in Table 6.

S 1413 12 111009 0807 06 05 04 03 02 O 00
T T — RCVR T

RESERVED RUR| meservep | BovR AR I
Lo PR

DONE Ell":'!a' RESERVED ENB
Figure5 DLV11-FRCSR Word Format

] 1

1-4968
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Table6 DLV11-F RCSR Bit Assignments

Bit: 15-12 Name: Notused
Description: Reserved for future use.

Bit: 11 Name: RCVRACT

Description: (Receiver Active)

When set, this bit indicates that the DLV11-F interface receiver is ac-
tive. The bit is set at the center of the start bit, which is the beginning of
the input serial data from the device and is cleared by the leading edge
of RDONE H. '

Read-only bit; cleared by INIT or by RCVR DONE (bit 7).

Bit: 10-8 Name: Notused
Description: Reserved for future use.

Bit: 7 Name: RCVR DONE

Description: (Receiver Done)

This bit is set when an entire character has been received and is ready
for transfer to the processor. When set, initiates an interrupt sequence
provided RCVR INT ENB (bit 6) is also set.

Read-only bit.

Bit: 6 Name: RCVRINT ENB

Description: (Receiver Interrupt Enable)

When set, allows an interrupt sequence to start when RCVR DONE (bit
7) sets.

Read/write bit; cleared by INIT.

Bit: 5-1 Name: Not used
Description: Reserved for future use.
Bit: 0 Name: RDR ENB

Description: (Reader Enable)

When set, this bit advances the paper tape reader in DIGITAL-modi-
fied TTY units (LT33-C, LT35-A, C) and clears the RCVR DONE bit (bit
7).

This bit is cleared at the middle of the start bit, which is the beginning
of the serial input from an external device. Also cleared by INIT.

Write-only bit.
NOTE
INIT = LSI-11 bus BINIT signal assertion.

The word format for the DLV11-F RBUF register is shown in Figure 6
and functionally described in Table 7.
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15 14 13 12 " 10 09 08 07 06 05 04 03 02 01 00
I OR FR P
lERROR ERR—[ ERR [ ERR RESERVED | RECEIVED DATA BITS l

Figure6 DLV11-F RBUF Word Format

Table7 DLV11-F RBUF Bit Assignments

Bit: 15 Name: ERROR

Description: Used to indicate that an error condition is present. This
bit is the logical OR of OR ERR, FR ERR, and P ERR (bits 14, 13, and
12, respectively). Whenever one of these bits is set, it causes bit 15 to
set. This bit is not connected to the interrupt logic.

Read-only bit; cleared by removing the error-producing condition.

NOTE
Error indications remain present until the next char-
acter is received, at which time the error bits are
updated. INIT clears the error bits.

Bit: 14 Name: ORERR

Description: (Overrﬁn Error)

When set, indicates that reading of the previously received character
was not completed (RCVR DONE not cleared) prior to receiving a new
character.

Read-only bit. Cleared by INIT.

Bit: 13 Name: FRERR

Description: (Framing Error)

When set, indicates that the character that was read had no valid stop
bit.

Read-only bit. Cleared by INIT.

Bit: 12 Name: P ERR

Description: (Parity Error)

When set, indicates that the parity received does not agree with the
expected parity. This bit is always 0 if no parity is selected.

Read-only bit. Cleared by INIT.

Bit: 11-8 Name: Notused
Description: Reserved for future use.

Bit: 7-0 Name: RECEIVED DATABITS
Description: Holds the character just read. If less than eight bits are
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selected, then the buffer is right-justified into the least significant bit
positions. In this case, the higher unused bit or bits are read as 0s.

Read-only bits; not cleared by INIT.
NOTE
INIT = LSI-11 bus BINIT signal assertion.

The word format for the DLV11-F XCSR register is shown in Figure 7
and functionally described in Table 8.

15 14 13 12 " 10 08 07 06 05 03 02 ot 00
PBR | PBR | PBR | PBR | PBR XMIT
SEL | SEL | SEL | SEL | SEL RESERVED RDV INT

3 2 1 0 ENB

Figure7 DLV11-F XCSR Word Format

RESERVED IHMNT

RVED BREAR|

1-4867

Table8 DLV11-F XCSR Bit Assignments

Bit: 15-12 Name: PBR SEL

Description: (Programmable Baud Rate Enable)

When set, these bits choose a baud rate from 50-9600 baud. See
Table 3.

Write-only bits.

Bit: 11 Name: PBRENB

Description: (Programmable Baud Rate Enable)

This bit must be set in order to select a new baud rate indicated by bits
12to 15.

Write-only bits.

Bit: 10-8 Name: Not used
Description: Reserved for future use.

Bit: 7 Name: XMIT RDY

Description: (Transmitter Ready)

This bit is set when the transmitter buffer (XBUF) can accept another
character. When set, it initiates an interrupt sequence provided XMIT
INT ENB (bit 6) is also set.

Bit: 6 Name: XMITINT ENB

Description: (Transmitter Interrupt Enabie)

When set, allows an interrupt sequence to start when XMIT RDY (bit 7)
is set.

Read/write bit; cleared by INIT. (See Note.)
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Bit: 5-3 Name: Notused
Description: Reserved for future use.
Bit: 2 Name: MAINT

Description: Used for maintenance function. When set, connects the
transmitter serial output to the receiver serial input while disconnect-
ing the external device from the receiver serial input. It also forces the
receiver to run at transmitter baud rate speed when common speed
operation is enabled.

Read/write bit; cleared by INIT.

Bit: 1 Name: Notused
Description: Reserved for future use.
Bit: 0 Name: BREAK

Description: When set, transmits a continuous space to the externail
device.

Read/write bit; cleared by INIT.

NOTE
When clearing an interrupt enable bit, first set the
appropriate processor status word bit = 1. After the
interrupt enable bit at the module is cleared, the
processor may be returned to its normal priority.

The word format for the DLV11-F XBUF register is shown in Figure 8
and functionally described in Table 9.

186 o8 o7 oo

RESERVED TRANSMITTER DATA BUFFER

116166

Figure8 DLV11-F XBUF Word Format

Table 9 DLV11-F XBUF Bit Assignments

Bit: 15-8 Name: NotUsed
Description: Not defined. Not necessarily read as Os.

Bit: 7-0 Name: TRANSMITTER DATA BUFFER

Description: Holds the character to be transferred to the external
device. If fewer than eight bits are used, the character must be loaded
so it is right-justified into the least significant bits.

Write-only bits. Not necessarily read as 0s.
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Installation )

Before installing the DLV11-F on the backplane, first establish the
desired priority level to determine in which backplane slot to install the
module. Then ensure that the module configuration jumpers are con-
figured correctly for your application. Connection to the peripheral
device is via an optional data interface cable. Cables are listed below.

Application Cable Type*
EIA Interface BCO01V-X or BCO5C-X Modem Cable
20 mA CurrentLoop BCO5M-X Cable Assembly

Interfacing EIA-Compatible Devices

The DLV11-F supports only the data leads of EIA-compatible devices.
It uses a BCO5C modem cable to interface devices such as the Tele-
type® Model 37 Teletypewriter and the Bell Data Set Mode! 103 (in
auto mode). The DLV11-F's EIA “data leads only” interface circuit is
shown in Figure 9 and the jumpers are shown in Figure 1.

* X = Length in feet. Standard length is 25 feet.
® Teletype is a registered trademark of Teletype Corporation.

BCOIV-X or BCOSC
DLVI1-F MODEM CABLE
A A

a1 v') REQUEST TO SEND

|
FORCE BUSY
o e ————
D) IDATA TERMINAL READY

| |

[ }

| |

| | TRansMITT! A
XBUF F > TRANSMITTED DAT.
|

| RECEIVED DATA

|
' J
EIA/TTL l I
L]
[ |
| | |E1a wrenLock

RBUF [——1> €

1-a932

Figure® EIA Data Leads Only Interface

Interfacing 20 mA Current Loop Devices with the DLV11-F

When interfacing with 20 mA current loop devices, the BCO5M cable
assembly provides the correct connections to the 40-pin connector on
the DLV11-F. The peripheral device end of the cable is terminated with

218



DLV11-F

a Mate-N-Lok connector that is pin-compatible with all DIGITAL 20 mA
serial interface terminals.
The interface circuits provided by the BCO5M cable and the associat-
ed DLV11-F jumpers are shown in Figures 9, 10 and 11.
NOTE
When the DLV11-F is used with teletypewriter de-
vices, a 0.005uF capacitor must be installed (see

Figure 1). oLVILE BCOSM CABLE
A f-_A__\
r Y
+sv +2v
PART OF
" SERIAL
> an ouT (1)
)
g
1
[ )
- 'l ]
)
¥Y)l» m switching |1 I
- creuit || 1
XBUF TRANSMIT | - ! ]
DATA (-
| T
PASSIVE TRANSMITTER ﬁ‘
[l SERIAL
PR -TL I
PART OF
ACTIVE
TRANSMITTER

NOTE
1. Insert solid-line jumpers,

= 4A and 5a, to configure
for active transmltter.
2. Insert: dotted-line jumpers
v %o maintaln oompatibllity
with DLV1{ when configur-
ng for pageive tranemitter.

DATOO H
L B
RCSR
REGISTER SELECT BITO READER
READER S pp Y BUN L
7 4

RUN
RELAY DRIVER

RCVR
BUSY H

READER
o RECEIVER > £e BUN t-)
CONTROL ACTIVE
LOGIC CIRCUIT
114933

Figure 10 20 mA Transmittef and Reader Run Circuits
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+8v +12v

(1A}

S
3%

[0

FOR TTY PR L g28, u,
onty | K@

| SERIAL DATA IN

20mA RECEIVED DATA

|
| |2oma mTERLOCK

RBUF TTL SERIAL DATA IN S

1-4934

Figure 11 Active Receive 20 mA Current Loop

+5v
(1P} Uy
> KD>—r—{+)
| 1
A ceo | |
7~ 0.005uF —( ¥ | |S€R|AL DATA IN
FoR 'rrv_,/ @y ' !
ONLY +> s >—4—1(-}
E | |
| 1
| |
| |
| |
| |
20mA/TTL RECEIVED DATA |y
|
|

|
| 20mA INTERLOCK
RBUF TTL SERIAL DATA IN >e

11-4938

Figure 12 Passive Receive 20 mA Current Loop
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DLV11-J FOUR ASYNCHRONOUS
SERIAL INTERFACES

GENERAL
The DLV11-J is a 4-channel asynchronous serial line unit used to
interface peripheral equipment to an LSi-11 bus. The interface trans-
mits and receives data from the peripheral device over Electronics
Industry Association (EIA) “data leads only” lines which do not use
control lines. The module can be used with 20 mA current loop de-
vices (with “reader-run” capabilities) when the DLV11-KA option is
instalied. With a DLV11-J interface, the processor can communicate
with a local terminal such as a console teleprinter, a remote terminal
via data sets and private line, or another local or remote processor.
FEATURES
e Four independent, full-duplex, asynchronous serial line interfaces to
the LSI-11 bus on one double-height module. :
e Each channel independently configured for:
1. EIARS-232C, RS-422, RS-423
2. Baud Rates: 150, 300, 600, 1200, 2400, 4800, 9600, 19.2K, 38.4K
and external
3. Variable character format:
7 or 8 data bits;
1 or 2 stop bits;
odd, even or no parity
4. Support for data leads only: MODEMS (Bell type: 103, 113)
e One channel configurable as computer console device interface,
including halt or boot on received break.
e 8.9in. X 5.2in.(22.8cm X 13.2cm) module
e 20 mA current loop and 110 baud capability optionally added using
the ElA to 20 mA converter (DLV11-KA).
e The DLV11-KA provides: (Figure 1)
1. Single line EIA to 20 mA converter unit and 3 ft. (.91m) cable for
connection to DLV11-J.
2. A program-controlled, reader advance function for DIGITAL-
modified ASR33 teletypes.
A 110 baud rate generator.
Choice of active or passive operation.
Operation up to 9600 baud.
Cable drive capability up to 4000 feet.

IR
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SPECIFICATIONS
|dentification M8043
Size Double
Power +5Vi5%at1.0A
+12V +3% at0.25 A
Bus Loading
AC 1
DC 1
DESCRIPTION
General

The DLV11-J module is aesigned to interface peripheral devices that
transmit and receive asynchronous serial data over EIA-compatible
data lines or 20 mA current loops to the parallel LSI-11 bus. When
configured, the module transmits and receives the specified EIA signal
levels on the receive and transmit data lines of the cable. Also, the
module constantly asserts the data-terminal-ready signal.

When configured for 20 mA current loop operation (DLV11-KA option
installed), the DLV11-J can support devices which contain program-
controlled paper tape readers (such as DIGITAL's LT33 Teletypewri-
ters or the ASR33 Teletypewriter with the LT33 modification kit.)

During operation, the module is required to convert data from paraliel
to serial and serial to parallel. To accomplish this, a universal asyn-
chronous receiver/transmitter (UART) is employed. When performing
this conversion, the UART must also alter the speed and character
format for the data (to meet user-selected parameters). In addition,
the UART creates error bits to allow the programmer to check data
transmission for errors. A block diagram of the DLV11-J module is
shown in Figure 1.

UART Operation

The DLV11-J module is equipped with four universal asynchronous
receiver/transmitters, one for each channel. The UART chip is capable
of parallel data transfers with the computer and serial data transfers
with the peripheral device. User-selectable jumpers determine the
character format used during transmission. The jumpers select:

7 or 8 data bits
1 or 2 stop bits
Parity or no parity
Even or odd parity
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which will always appear right-justified in the receive data buffer. The
start, stop, and parity bits are removed and error flags appended to
the transmission as it enters the receive buffer. The error flags, when
set, will not interrupt operation, but they are available to the program-

The receiver section performs serial-to-parallel conversion of data
mer when reading the RBUF.
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The transmitter performs parallel to serial conversion of data provided
by the LSI-11 bus. The character length, stop bit code, parity, and
baud rate are identical to the receiver section of the SLU channel. The
transmitter, however, appends the proper start, stop, and parity bits to
the data before transmission.

Baud Rate Generator

The baud rate control circuit generates clock signals that control the
speed at which the receive buffer (RBUF) and the transmit buffer
{(XBUF) move serial data. The circuit provides a command clock to
both buffers of the channel.

The speed at which a channel will operate is configured by the selec-
tion of wire-wrap jumpers which supply the desired baud rate clock.
The clock is developed by a crystal-controlied oscillator driving a fre-
quency division chip. The outputs of the frequency division chip are
connected to wire-wrap posts which may be selected when configur-
ing the channel(s). if more than one channel is used for a particular
baud rate, the clock may be daisy-chained between channels.

When 110 baud operation is desired, the DLV11-KA option must be
used. This option provides the 110 clock to the channel via the peri-
pheral device cable; no baud rate jumper may be configured on the
moduie for the 110 baud channel.

I/0 Control Logic

The 170 control logic directs data transfers between the computer and
the DLV11-J module. The logic monitors the LSI-11 bus control lines
to determine the type of data transfer to be executed (from the LSI-11
bus to the register logic for an output operation or from the register
logic to the LSI-11 bus for an input operation). The following LSI-11
bus control lines are monitored by the I/0 control logic during the
operation:

BSYNC Bus Synchronized. Set when valid address has been
placed on LSI-11 bus.

BDIN Bus Data Input. Set when processor is ready to
receive input data.
BDOUT Bus Data Qutput. Set when processor is ready to

transmit output data.

The module asserts the BRPLY (reply from module) bus control line
when the data transfer has been completed.
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During operation, the module receives the BSYNC signal indicating an
address has been placed onto the LSI-11 bus. The 1/0 control logic
gates this address into the address latch of the module with a SYNC H
gating signal. If the address received is a bus device address on the
DLV11-J, the address latch sends a BD SEL signal to the 1/0 control
logic (indicating a valid address has been received). The control logic
may now develop the proper gating signals (BDOUT/BDIN) to move
the data to its proper destination. When the data transfer is complete,
the module signals the processor via the BRPLY control line.

Address Latch

The address latch is used to hold the channel address (0-3), the device
register address (RCSR, RBUF, XCSR, or XBUF), and the high-low
byte indicator of the pending operation. When the program addresses
the DLV11-J module, address bits 0-4 are presented to the address
latch by the bus interface circuit over the internal tri-state data bus.
Simultaneously, the address compare circuit and the bus interface
circuit supply the address latch with the MATCH H signal and are
gated into the latch under the control of the 1/0 control logic circuit
(SYNC H signal). The address latch now holds the address and a
board select signal (BD SEL 1) to be used by the 1/0 control/register
logic during the completion of the desired operation.

Address Compare Circuit

The address compare circuit tests the user-configured base address
of the module (wire-wrap jumpers A5, A8-12) against the LSI-11 bus
input (BDAL 5, 8-12 L). If the addresses are same, the address com-
pare circuit generates a portion of the MATCH H signal. (The remain-
der of MATCH H is supplied by the bus interface.) The MATCH H
signal is used by the address latch circuit when creating the BD SEL H
signal required by the 1/0 control logic during data transfers.

When channel 3 is configured as a console device interface, the bus
interface logic tests for a proper console device address on the LSI-11
bus. If the address received by the bus interface is a proper console
address, the CON SEL 1 H signal is generated. This signal is transmit-
ted from the bus interface to the address compare circuit to force
console address recognition.

Bus Interface

The module contains bus drivers and receivers which interface direct-
ly with the LSI-11 bus. This allows data movement between the LSI-11
bus and the module’s internal tri-state bus. These drivers also have
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the ability to transmit vector addresses received from the interrupt
vector generation logic onto the LSI-11 bus.

If the LSI-11 bus holds an address within the 1/0 page, the BBS7 L
signal line is asserted. This will cause the bus interface circuit of the
DLV11-J to test the BDAL 6-7 L lines against the user-configured wire-
wrap pins (A6-7) when the addresses and the same MATCH H signal
are allowed to be asserted to the address latch. Since this is a “wired-
AND,” the MATCH H signal from the address compare signal must
also be asserted. The MATCH H signal is required by the address latch
to allow 1/0 data transfers. If channel 3 has been selected as a console
device interface (jumpers C1 and C2 installed between wire-wrap
posts X and 1), the bus interface performs a match operation between
the LSI-11 bus lines (BDAL 3-5) and an internal address which is
enabled by console select jumper C1. If the addresses agree, a CON
SEL 1 H signal is produced for the address compare circuit which wili
force a console address recoanition.

Interrupt and Vector Generation Logic

When a peripheral device interfaced to a DLV11-J needs service, the
module can, if enabled, interrupt the computer program and vector to
a service routine. The interrupt logic can initiate two types of inter-
rupts: a receiver interrupt and a transmitter interrupt. These interrupts
are handled through separate receiver and transmitter channels.

For an interrupt transaction to occur, the program must set the inter-
rupt enable bit (bit 6) in the control/status register (CSR). Next, the
interrupt logic must recognize a condition requiring service (indicated
by the setting of bit 7 within the CSR) and then assert the interrupt
request line (BIRQ L) on the LSI-11 bus. When the interrupt is ac-
knowledged by the processor, the interrupt logic creates an input to
the module’s vector generation circuit which reflects the channel
needing service (0, 1, 2, or 3) and the type of service needed (receive
or transmit). The vector generation logic creates a vector function
address which may be modified by the user-configured “base vector”
address jumpers (V5-7). This modified address is output to the LSI-11
bus by the bus interface circuit, thus causing the processor to jump to
the proper peripheral device service routine.

A receiver interrupt request is initiated when the receive buffer (RBUF)
has received and assembled a character of data and is ready to trans-
fer it to the processor. A transmitter interrupt is initiated when the
transmitter buffer holding register (XBUF) is empty and is ready for
another data input from the processor. The interrupt logic is also used

227



DLV11-J

to initialize the DLV11-J module. On a system power-up sequence, the
processor creates BINIT L on the LSI-11 bus which is converted by the
interrupt logic into INITO H. This signal is distributed on the module to
initialize the four UARTSs and the interrupt status registers (held within
the interrupt logic).

Control/Status Registers

The control/status registers (CSRs) consist of a series of latches, data
selectors, and gating circuitry. During data transactions, the 1/0 con-
trol logic enables the XCSR or RCSR to either latch in control bits or
gate out status bits.

The RCSR uses only three bits during operation:

Receiver done (bit 7), set by RBUF
Receiver interrupt enable (bit 6), set by program
Reader enable (bit 0), set by program

All bits except the reader enable bit may be read by the program.
The XCSR uses three bits during operation:

Transmitter ready (bit 7), set by XBUF

Transmitter interrupt enable (bit 6), set by program
Break (bit 0), set by program and used only with the
DLV11-KA option.

All bits may be read by the program.

Break Logic

During normal operation, the UART checks each received character
for the proper number of stop bits. It does this by testing for a marking
condition at the appropriate bit time. If it finds a spacing condition
instead, it sets the framing error (FE) flag. The BREAK signal is a
continuous spacing condition, and is interpreted by the UART as a
data character that is missing its stop bit(s). The UART, therefore,
responds to the BREAK signal by asserting FE H. If the channel 3
break response jumper is installed from X to B, FE H will negate
control line BDCOK H; BDCOK H indicates to the processor that dc
power is “OK.” When FE H negates this signal, it causes the computer
to restart at the bootstrap (provided proper processor power-up mode
is selected).

If the break jumper is installed from X to H, the computer will not
“boot” on a framing error, but FE H will negate control line BHALT L.
This causes the computer to halt when a framing error is received.
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CAUTION
If the system is using MOS memory, data may be lost when BDCOK
is negated because this action interrupts the memory refresh cycle.
If the jumper is not installed, the module will not take action.

Peripheral Iinterface

Each SLU channel of the DLV11-J module can be independently con-
figured for line signal compatlibitity with EIA RS-232C and RS-423, RS-
422, or 20 mA current loop operation (Figure 2). Each of the four
interfaces may be configured to support 20 mA current loop devices
with the addition of the DLV11-KA option. When installed, the peri-
pheral interface supplies all power supply voltages needed by this
option. If the 20 mA device contains a paper tape reader that can be
program-controlled (such as DIGITAL's LT33 or an ASR33 Tele-
typewriter with LT33 modification kit), the interface can be configured
to advance the reader one character at a time.

~

DEVICE
CABLE

PERIPHERAL
DEVICE

PERIPHERAL INTERFACE CONNECTOR

NOTES \J

@ Rx IS INSTALLED WHEN CHANNEL IS @Ry IS CHOSEN FOR PROPER SLEW RATE
CONFIGURED FOR EIA RS-422 OPERATION, WHEN CHANNEL IS CONFIGURED FOR
(100 2, 1/4 W NON-WIRE WOUND} EIA RS-232C/RS-423 OPERATION
R30- CHANNEL 0 R10 SETS SLEW RATE FOR CHANNELS 0
R31- CHANNEL 1 AND 1
R32- CHANNEL 2 R23 SETS SLEW RATE FOR CHANNELS 2
R33- CHANNEL 3 AND 3

MR 1297

Figure2 Typical Peripheral Interface

229



DLV11-J

DC-to-DC Power Converter

The power converter produces —12 Vdc and +5 Vdc from the LSI-11
power supply voltage of +12 Vdc. These voltages are produced to
power all chips on the DLV11-J module and to supply the DLV11-KA
20 mA option. The power converter circuit consists of crystal-con-
trolied oscillator which drives a charge pump: The charge pump
during operation supplies the desired power supply output voltage.

CONFIGURATION

General

The DLV11-J device and vector addressing, serial word formats, baud
rates, interface, type, etc. are selected by installing and/or removing
jumpers. Wire-wrap posts are provided on the module for this pur-
pose. The module is factory-configured and ready to use in most user
applications. However, if a system requires different device register
addresses and interrupt vectors or operations, the module may be
reconfigured. The DLV11-J module is factory-configured for the fol-
lowing operations: ’

e Base address = 176500

e Base vector address = 300

e Channel 3 enabled as the console device (device addresses
177560-177566 and vector addresses 60 and 64).
e Channel 3 halt on break enabled
e Baud rates (transmit and receive are identical):
Channels 0,1 and 2 = 9.6K baud
Channel 3 = 300 baud
e Data/parity/stop bit format (all channels):
Eight data bits
One stop bit
No parity
e Serial line signal interface levels (all channels) compatible with both
EIA RS-232C and RS-423, simultaneously (slew rate = 2 us)

Figure 3 gives jumper and pad locations on the DLV11-J module and
Table 1 gives a summary of the module’s factory configuration.
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Table1 Factory Jumper Configuration

Standard
Label Configuration Function Impiemented
A12 Xto1 This arrangement of jumpers A5-A12
A11 Xto1 implements the octal base device ad-
A10 Xto1 dress 1765XX, which is the assigned
A9 Xto 0 address for channel 0 RCSR. The
A8 Xto 1 least significant digit is decoded on
A7 R the module during operation to ad-
A6 | dress one of four SLU device regis-
A5 . Xto O ters as follows:
X =0, RCSR
X =2, RBUF
X =4, XCSR
X =6, XBUF
C1 Xto 1 These jumpers are used to enable
c2 Xto1 channel 3 for console operation. Base
address must be 176500 (factory-
configured), 176540, or 177500 for the
console.
(Break XtoH This jumper determines channel 3
res- break response. The board is config-
ponse) ured for halt (console emulator mode)
on break condition.
v7 | This arrangement of jumpers V5-V7
V6 | implements the octal “base” vector of
V5 Xto 0* 300 with channel 3 at 60 and 64.
E Xto 0 Odd parity
D Xto1 8 data bits
S Xto0 1 stop bit
P Xto 1 Parity inhibited

These jumpers determine the word
format used by the channel. All chan-
nels are configured the same at the
factory.

232



DLV11-J

Table1 Factory Jumper Configuration (Cont)

Standard

Label Configuration Function Implemented

0 OtoN 9.6K baud

1 1toN 9.6K baud

2 2toN 9.6K baud

3 3toT 300 baud
These jumpers determine the baud
rate of the serial line channel for same
baud rate daisy-chain wire-wraps.

NO-3 Xto3 These jumpers determine the EIA

MO-3 Xto3 standard compatibility of the channel.

All channels are set at the factory to
be compatiblie to both EIA RS-423
and RS-232C simultaneously.

R10 22KQ Channels 0 and 1, slew rate of 2 us
(used when configured for EIA RS-
423/RS-232C)

R23 22KQ Channels 2 and 3, slew rate of 2 us
(used when configured for EIA RS-
423/RS232C)

* See Interrupt Vector Format figure.

Device Registers— The DLV11-J contains 16 device registers that can
be individually addressed by the program. The four device registers
provided for each of the SLU channels (0 through 3) are;

Receive Control/Status Registers (RCSR)
Receive Buffer (RBUF)

Transmit Control/Status Register (XCSR)
Transmit Buffer (XBUF)

Wire-wrap jumpers are configured to establish the base address (BA)
for the module. This base address is the channel 0 RCSR address. The
device address format is shown in Figure 4. The remaining device
addresses follow through 16 (total) contiguous word addresses; how-
ever, it is possible to independently dedicate the last four addresses
(channel 3) to a console device. When configured for console device
operation, the channel's device register addresses will be 177560-
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177566. For console operation, the board’s base address must be one
of the following:
176500 (factory-configured)

176540
177500

The floating address configurations are listed in Table 2 and the fac-
tory or standard configuration addresses are listed in Table 3.

17 16 15 14 13 7 08 05

12 n 10 3] 08 0 04 03 02 o 00
T T T T T T T T T T T
| 1 1 ] 1 l 1 1 A12 I A1l A0 A9 I A8 A7 AB | AS I
1 1 i 1 Il i \ ! 1 i 1

[ ——
v

BANK 7 CHANNEL  REGISTER py1e

SELECTED (1) . (DEVICE)  SELECT  pointen

SELECT
FACTORY
CONFIGURED —e 7 ¢ 1 o 1 . .0 1 o 00= RCSA
BASE ADDRESS - I 01 = RBUF
= 176500 ] 10= XCSR
11= XBUF
3WIRE WRAPPOSTS ~ 2WIREWRAP 00 = CHANNEL O

X, 1, 0} ARE POSTS ARE 01 = CHANNEL 1

PROVIDED FOR PROVIDED FOR 10 = CHANNEL 2
EACH BIT. EACH BIT. 11 = CHANNEL 3
JUMPER X TO1=1 JUMPER IN =1

JUMPER X TO 0=0 JUMPER OUT = 0

NOTE:
1ANGE 160000g~177770g NONEXTENDED ADDRESS
760000g-777770g EXTENDED ADDRESS

Figure4 Channel 0 RCSR Address Format

Table2 Address Assignments (with Console Selected)

Device Associated

Address Register Vector

Channel 0
Module Base RCSR Module Base Vector
Address (BA) (BV)
BA+2 RBUF
BA+4 XCSR BV+4
BA+6 - XBUF

Channel 1
BA+10 RCSR BV+10
BA+12 RBUF
BA+14 XCSR BV+14
BA+16 XBUF
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Table2 Address Assignments (with Console Selected) (Cont)

Device Associated
Address Register Vector
Channel 2

BA+20 RCSR BV+20
BA+22 RBUF
BA+24 XCSR BV+24
BA+26 XBUF

Channel 3*
177560 RCSR - A
177562 RBUF 60 Console
177564 XCSR Selected
177566 XBUF . 64

* Channel 3is used as a console device.

Table3 Factory or Standard Addresses

Address Register Vector

176500 RCSR

176502 RBUF 300

176504 XCSR Channel 0
176506 XBUF 304

176510 RCSR

176512 RBUF 310

176514 XCSR Channel 1
176516 XBUF 314

176520 RCSR

176522 RBUF 320

176524 XCSR Channel 2
176526 XBUF 324

177560 RCSR

177562 RBUF 60 -

177564 XCSR A Channel 3
177566 XBUF 64
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Four word formats, one for each device register within a channel, are
shown in Figure 5 and described in Table 4. These word formats are

typical of all channels on the DLV11-J module.

15 14 13 12 11 0 09 08 07 06 05 04 03 02 o1 00
T T T T T T T
RCSR rO l 0 0 [} 0 0 0 o I | 0 0 [} TO [} |
L il 1 1 1

1 L - l
RECEIVER READER
DONE ENABLE
(READ ONLY) (WRITE ONLY)
ON READ =0
RECEIVER
INTERRUPT
ENABLE
(READ/WRITE)

o I ENEE ) A I

ERROR FRAMING - v — ¥
(READ ERROR 4 NOT USED RECEIVE DATA
ONLY) {READ (7.88IT DATA IS RIGHT JUSTIFIED.)
ONLY) IF BIT UNUSED = 0
OVERRUN PARITY
ERROR ERROR
(READ {READ

ONLY) ONLY)
03 02 01

15 14 13 12 1" 10 ;) 08 07 06 05 00
T T T T T T T T
XCSR roi [ 0 Ol o ] 0 I o | l L] o 0 l [} o ‘l
1 1 L L I L —l 1 1 ‘
TRANSMIT TRANSMIT BREAK
IREAD/WRITE)

READY
(READ ONLY)

TRANSMIT
INTERRUPT
ENABLE
{READ/WRITE)

09 B8 07 06 05 04

15 14 13 12 1 10 Of
™ T T L T a T T T
XBUF rﬂ 0 [ [} J 0 o [} 0 l [ T —|
1 1 .l 1 1 i 1 i i

N . - v
(NOT USED) TRANSMIT DATA
{7.8 81T DATA IS RIGHT JUSTIFIED.)
NOTE (WRITE ONLY} ON READ = 0
ONE OF FOUR CHANNELS SHOWN.
FORMAT THE SAME FOR ALL CHANNELS.
R 0901

Figure5 DLV11-J Device Register Formats
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Table4 DLV11-J Word Formats

Receiver Control/Status Register
Bit: 8-15
Description: Notused. Read as 0.

Bit: 7

Description: Receiver Done. Set when an entire character has been
received and is ready for input to the processor. This bit is automati-
cally cleared when RBUF is read, when BINIT L signal goes true (low),
or when reader enable bit is set. Read-only bit.

If Receiver Interrupt (bit 6) is set, the setting of Receiver Done starts an
interrupt sequence.

Bit: 6

Description: Receive Interrupt Enable. Set under program control
when it is desired to generate a receiver interrupt request (when a
character is ready for input to the processor signified by bit 7 being
set). Cleared under program control or by the BINIT signal. Read/write
bit.

Bit: 1-5

Description: Not used. Read as 0.

Bit: 0

Description: Reader Enable. Setting this bit advances the paper
tape reader on an LT33 terminal one character at a time. Setting of this
bit clears Receiver Done (bit 7). Write-only bit.

The DLV11-KA 20 mA current loop option is required for operation of
this bit.

Receiver Buffer
Bit: 15
Description: Channel Error Status. Logical OR of bits 14, 13, and 12.
Read-only bit.

Bit: 14

Description: Overrun Error. When set, indicates that the reading of
the previously received character was not completed (receiver done
not cleared) prior to receiving a new character. '

Cleared by BINIT signal. Read-only bit.
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NOTE
When “back-to-back” characters are received, one
full character time is allowed from the time instant
receiver done (bit 7) is set to the occurrence of an
overrun error.

Bit: 13
Description: Framing Error. When set, indicates that the character
read had no valid stop bit.

Cleared by BINIT signal. Read-only bit.

Bit: 12

Description: Parity Error. When set, indicates that the parity re-
ceived does not agree with the expected parity. This bit is always O if
no-parity operation is configured for the channel. Read-only bit.

NOTE

Error bits remain valid until the next character is re-
ceived, at which time the error bits are updated.

Bit: 8-11

Description: Not used. Read as 0.

Bit: 0-7

Description: Data bits. Contains seven or eight data bits in a right-
justified format. Bit 7 = 0 when 7 data bits are enabled. Read-only bits.

Transmitter Control/Status Register
Bit: 8-15
Description: Not used. Read as 0.
Bit: 7
Description: Transmit Ready. Set when XBUF is empty and can ac-

cept another character for transmission. It is also set by INIT during
the power-up sequence or during a reset instruction. Read-only bit.

If Transmitter Interrupt Enable (bit 6) is set, the setting of Transmit
Ready will start an interrupt sequence.

Bit: 6

Description: Transmit Interrupt Enable. Set under program control
when it is desired to generate a transmitter interrupt request (when
transmitter is ready to accept a character for transmission).

The bit is cleared under program control, during power-up sequence,
or reset instruction. Read/write bit.
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Bit: 1-5

Description: Notused. Read as 0.

Bit: 0

Description: Transmit Break. Set or reset under program control.
When set, a continuous space level is transmitted. However, transmit
done and transmit interrupt can still operate, allowing software timing
of break. When not set, normal character transmission can occur.

Cleared by BINIT. Read/write bit.
Transmit Buffer
Bit: 8-15
Description: Not used. Read as 0.
Bit: 0-7
Description: Data bits. Contains seven or eight right-justified data
bits. Loaded under program control for serial transmission.

Interrupt Vectors

Two interrupt vectors are provided for each of the four SLU channels
(eight vectors total).. The procedure for configuring the vectors is simi-
lar to that used when configuring the base device register address; the
configured base vector is the channel 0 receiver interrupt vector. Each
interrupt vector references two word locations in memory (the
Program Counter address and the Processor Status Word). Hence,
sequential vectors appear in increments of four.

The module is factory-configured with an interrupt vector base of 300.
However, it is also configured for channel 3 operation as the console
device; thus, channel 3 will automatically have interrupt vectors of 60
and 64. The vector format is shown in Figure 6 and a summary of
vector jumper configurations is provided in Table 5. Table 6 gives a list
of the factory-configured vector assignments.

Interrupt priority within the DLV11-J module is structured as follows:

Interrupt Priority Requesting Function
1 (highest) Channel 0, receiver
2 Channel 1, receiver

3 Channel 2, receiver
4 Channel 3, receiver
5 Channel 0, transmitter
6 Channel 1, transmitter
7 Channel 2, transmitter
8 (lowest) : Channel 3, transmitter
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17 16 15 14 13 12 " 10 09 08 o7 06 05 [s2] o3 02 ot 00
T —T T T T T T —l_ T T _]_‘ T
[0 0 V] o, o0 o | o 0 o 0 v? vé Vs ) o |
1 1 2 1 n ! s L i, ! L
CHANNEL 0= RECEIVER
REQUESTING INTERRUPT
INTERRUPT 1= TRANSMITTER
0-3) INTERRUPT

NOTE.

FACTORY-CONFIGURED
BASE INTERRUPT VECTOR
ADDRESS = 300

TWO WIRE WRAP
POSTS ARE PROVIDED
FOR EACH BIT.
JUMPER IN =1
JUMPER OUT =0

THREE WIRE WRAP
POSTS ARE PROVIDED
FOR BIT V5.
JUMPERXTO1=1

1 1
S —

Jk

JUMPER X TO 0 = OWITH CONSOLE
NO JUMPER = 0 WITHOUT CONSOLE

RAridGE 0-377g (040g NOT ALLOWED IN CONSOLE MODE)

Figure 6 Interrupt

MA-0g9s

Vector Format

Table5 Summary of Vector Jumper Configurations

Label Logical 1 Logical 0
v7 Jumper installed. Jumper removed.
V6 Jumper installed. Jumper removed.
V5 Jumper installed from Console not selected:
wire-wrap post X to 1. jumper removed
Console selected:
jumper

installed from wire-wrap
post X to 0.
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Table6 Vector Assignments (with Console Selected)

(Factory Configured)
Standard Address Interrupt Vector
300 [Module Base
Vector (BV)] Channel 0, Receiver
304 (BV+4) Channel 0, Transmitter
310 (BV+10) Channel 1, Receiver
314 (BV+14) Channel 1, Transmitter
320 (BV+20) Channel 2, Receiver
324 (BV+24) Channel 2, Transmitter
60 Channel 3, Receiver
64 Console Selected Channel 3, Transmitter
NOTES

1. Module is factory-configured for channel 3 as a console device.
2. Alladdresses are in octal notation.

Character Formats

Each of the four channels may be independently configured for vari-
ous character formats. When a character format is configured (by
wire-wrap jumpers) for a channel, both the transmitter and receiver
will use the same format. The character may contain:

7 or 8 data bits
1 or 2 stop bits
Parity or no parity
Even or odd parity

Configuration instructions for determining the character formats of
each channel are shown in Table 7.

Baud Rates

Each channel can be configured for baud rates ranging from 150 to
38,400 bits per second. One baud rate clock input wire-wrap pin is
provided for each channel (0 through 3). Both the transmitter and
receiver for a given channel must operate at the same baud rate; split
baud rate operation cannot be configured. Configure baud rates by
connecting a jumper from the appropriate baud rate generator output
wire-wrap pin to the clock input pin of the channel. One jumper is
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required for each channel. When configuring the same baud rate for
more than one channel, the wire-wrap pins may be daisy-chained.
Table 8 lists the possible baud rates for each channel and their associ-
ated labels.

Table 7 Character Format Jumpers

Channel Wire-wrap Connection Comments
Label Parameter XtoO Xto1
D No. of data 7 bits 8 bits LSB trans-
bits mitted first
S No. of stop 1 bit 2 bits
bits
P Parity inhibit  Parity gener-  Parity bit
ation and deleted;
detection parity error
enabled =0
E* Even parity Odd parity Even parity Only when P
enabled expected expected =0

* Jumper must be installed to 0 or 1 even if no parity is selected.

Table8 Baud Rate Generator Qutputs

Wire-Wrap Baud Rate
Pin Label (Bits/Second)

U 150

T 300

v 600

w 1,200

Y 2,400

L 4,800

N 9,600

K 19,200

Z 38,400

When using the DLV11-KA option, 110 bits/sec operation is possible.
A 110 baud rate clock generator circuit on the option will supply the
DLV11-J module with the proper clock; no baud rate jumper is config-
ured on the module for the desired channel. -
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Console Device Selection

Channel 3 of the DLV11-J module may be independently dedicated for
console device operation. To accomplish this, the console select
jumpers must be properly configured. Table 9 gives channel 3 config-
uration instructions. When configured for console operation, the de-
vice addresses are 177560-177566 and the interrupt vectors are 60
and 64.

Table9 Summary of Console Selection Jumper Configurations

Label Console Selected Console Not Selected

(03 Install jumper from wire- Install jumper from wire-
wrap pins X to 1. wrap pins Xto 0.

Cc2 Install jumper from wire- Install jumper from wire-
wrap pins X to 1. wrap pins X to 0.

Break Response

Channel 3 may be configured to either bootstrap, halt (console emula-
tor mode), or have no response to a receive break condition. A boot-
strap operation upon a receive break condition will cause the
processor to execute the bootstrap program starting at the memory
location defined by the power-up mode jumpers of the processor. A
halt operation upon a receive break condition will cause the processor
to halt and the console octal debugging technique (ODT) microcode to
be invoked. Configuration instructions are given in Table 10.

Table 10 Channel 3 Break Operation Jumper Summary

Break

Operation

Response Jumper Connection

Boot* Install jumper between wire-wraps X to B.
Halt Install jumper between wire-wrap pins X to H.

No Response No jumper installed.

* Do not send continual breaks to a system so configured, as it will cause
continued reinitializing of any device on the bus.
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Peripheral Interface Configuration

Each of the channels can be independently configured for serial line
signal compatibility with EIA RS-423 (simultaneously RS-232C), RS-
422, or 20 mA current loop devices. When using 20 mA current loop
devices, the DLV11-KA option is required. Configuration instructions
for each of the standards are listed in Table 11. Table 12 is used when
configuring EIA RS-423 (RS-232C compatible) slew rates. Use this
table in conjunction with Tabie 11.
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Table 11 Summary of Serial Channel Signai Level

Configurations
Serial Channel
Signal Level EIA RS-232C 20 mA Current Loop
Modifiers EIA RS-422 and RS-423 (Using DLV11-KA)
MO-3 Jumper Connect wire-wrap pins X Connect wire-wrap pins X Connect wire-wrap pins X
and 2. and 3. and 3.
NO-3 Jumper Connect wire-wrap pins X Connect wire-wrap pins X Connect wire-wrap pins X
: and 2 and 3. and R for program-con-

Termination Resistor (one Install a 1009, 1/4 W, non-

per channel) wire wound, fusible resis-

tor.
Wave-Shaping Resistor Install resistor from Table
(one per channel pair; 12 (1/4 W non-wire
channel pairOand 1; 2 wound).
and 3)

Fuse F1

trolled paper tape reader.

Install 2.0 A Pico fuse

r-LEATa
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Table 12 EIA RS-423 and RS-232C Slew Rate Resistor Values
Baud Rate R10 or R23
38.4K 22 KQ
19.2K 51KQ
9.6 K 120 KQ
48K 200 KQ
24K 430 KQ
1.2K 820 KQ
600 1MQ
300 1MQ
150 1MQ
110 1 MQ
Cabling

Following are listed cables currently available that will mate with the
2X5 pin Amp connector on the DLV11-J, as well as some pointers and
part numbers for constructing a cable.

DIGITAL cables for the DLV11-J:

BC20N-05

BC21B-05

BC20M-50

DLV11-KA

5’ EIA RS-232C null modem cable to direct-
ly interface with an EIA RS-232C terminal
(2X5 pin Amp female to RS-232C female;
see Figure 8).

5’ EIA RS-232C modem cable to interface
with modems and acoustic couplers (2x5
pin Amp female to RS-232C male; see Fig-
ure7).

50’ EIA RS-422 or RS-423 cable for high-
speed transmission (19.2K baud) between
two DLV11-Js (2X5 pin Amp female to 2x5
pin Amp female).

20 mA current loop converter option for the
DLV11-J. Comes with an EIA cable
(BC21A-03) which connects the DLV11-KB
converter box to the DLV11-J. The option
mates with standard DIGITAL 20 mA cab-.
ling using the 8-pin Mate-'"N’-Lock connec-
tor.
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When designing a cable for the DLV11-J, here are several points to
consider:

1.

The receivers on the DLV11-J have differential inputs. Therefore,
when designing an RS-232C or RS-423 cable, RECEIVE DATA
(pin 7 on the 2X5 pin Amp connector) must be tied to signal
ground (pins 2, 5, or 9) in order to maintain proper EIA levels. RS-
422 is balanced.and uses both RECEIVE DATA+ and RECEIVE
DATA —.

To directly connect to a local EIA RS-232C terminal, it is necessa-
ry to use a null modem. To design the null modem into the cable,
one must switch RECEIVE DATA (pin 2) with TRANSMITTED DA-
TA (pin 3) on the RS-232C male connector as shown in Figure8.
To mate to the 2X5 pin connector block, the following parts are
needed:

Cable Receptacle AMP PN 87133-5
DEC PN 12-14268-02
Locking Clip Contacts AMP PN 87124-1
DEC PN 12-14267-00
Key Pin (pin 6) AMP PN 87179-1

DEC PN 12-15418-00

The pin out on the 2X5 pin connector block on the DLV11-J is as
follows:

Pin # Signal

1 UART clock in or out
(16 X baud rate; CMOS)

2 Signal ground

3 TRANSMIT DATA+

4 TRANSMIT DATA-

Note: For EIA RS-423, this line is grounded. For DLV11-KA 20 mA
option, this line is the reader enable pulse.

Signal ground
Indexing key—no pin:
RECEIVE DATA-
RECEIVE DATA+
Signal ground

0 When F1 is installed
for the DLV11-KA, +12V
is supplied through a
fuse to this pin

= OO ~NOO
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CIRCUIT

O O O O Opphmn

10 8 6 4 2
2X%5 PIN CONNECTOR
BLOCK (Viewed from
Edge of Card)
DLV11-J EIR RS-232C
— —
5€-+ Clear to Send (CB)
GRD >9y .._~_<4<__i Request to Send (CA)
S
:f: gg'cm > ;’_‘;’ggw ] -<s(-~: Data Set Ready (CC)
F1 Tane ~ ..! Data Terminal Ready (CD)
RCV DATA +8% (¢ Received Data (BB)
XMIT DATA +) 3). IoT4 Transmitted Data (BA)
GRD )2, a( - Signal Ground (AB)
__ & & Protective Ground (AR)
DLV11-J Module Connector Cable EIA Modem
RS 232C
Connector

Figure7 BC21B-05 Modem Cable
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BLVIL-T EIA RS-232C
XMT DATA + y2 £\ 3¢ Rov DaTA
\ 1.
RCV DATA + > 8 (  XMT DATA
RCV DATA -~ ?
GRD N, .’;
4
GRD 2 ’ { GRD
VI
¥ ¥ C
Important: ’+| Shield

Attach to chassis
at entry point.

Figure8 BC20N-05 “Nuli Modem"” Cable

PROGRAMMING

The DLV11-J contains a bank of sixteen (16) contiguous registers that
may be positioned from 160000, to 177777, in address space by wire
wrap jumpers. Four registers are provided for each of the four SLU
channeis.

The format of these registers is shown in Figure 1.

Similarly, the DLV11-J has a bank of eight contiguous interrupt vec-
tors that may be positioned in vector space from 000, to 377, by
jumpers. Two vectors (receive and transmit) are provided for each of
the four channels.
NOTE

One channel may be separately configured as the

computer console device (177560-6;, vectors 60 and

64) provided the module base address is 176500,

176540, or 177500,.

To software, the DLV11-J appears to be four iIndependent serial line
units similar to four single-channel DLV11s.
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DLV11-KA
DLV11-KA EIA TO 20 MA CONVERTER

GENERAL

The DLV11-KA option consists of the DLV11-KB ElA-t0-20 mA
converter unit and a BC21A-03 EIA interface cable. This option is
designed to allow 20 mA current loop capability to be added to a
standard RS-232 EIA serial line unit interface module, such as the
DLV11-J. The DLV11-KB is a small enclosed box with two connectors,
one (2 X 5 pin Berg) for the EIA/TTL signals from the interface module
and the other (standard DIGITAL 20 mA connector 8-pin Mate-N-Lok)
for the 20 mA signals to 20 mA peripherals using standard DIGITAL 20
maA cabling.

FEATURES
o EIA RS-232 to 20 mA converter (XMT data)
e 20 mA to EIA RS-232 converter (RCVR data)

e A program-controlled, one character at a time reader advance func-
tion for DIGITAL-modified ASR-33 Teletypes

e A 110 baud rate generator

e Optical isolation

® Choice of active or passive operation

e Operates up to 9600 baud rate

e Drive capability up to 4000 feet of cable

* Teletypeis a registered trademark of Teletype Corporation.

SPECIFICATIONS

Size: 13.3cm (56.25In.) long
11.4cm (4.5 in.) wide
2.64cm (1.04 In.) high

Power: +12.0 Vdc £5% at 0.275 A max
20 mA Transmitter

Switch is passive and optically isolated and goes to “mark” state when
power is turned off (passive mode).

Minimum Typlcal Maximum
Open circuit voltage 8.0v - 40V
(of circuit being driven)
Voltage drop marking 0.5v - 2.0v
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Spacing current 0.4mA
Marking current '20 mA
Rise and fall time 2us
Waveform distortion Ous
Constant current sink 20mA

(active mode)

- 1.8 mA
- 80mA
6 us 10 us
7 us 15us
24 mA 28 mA

When the transmitter is active, the maximum cable loop resistance
plus receiver equivalent resistance (at 20 mA) is 600 ohms.

20 mA Receiver

Receiver is passive and optically isolated.

' Minimum Typical Maximum
Voltage drop marking 0.4v 1.35V 2.4V
Spacing current 0.0 mA - 6 mA
Marking current 16 mA - 80 mA
Waveform distortion Ous 7 us 15 us
Constant current load 20mA 24 mA 28mA

(active mode)

When the receiver is active, the maximum cable loop resistance plus
transmitter equivalent resistance (at 20 mA) is 600 ohms.

Temperature
Storage temperature range:

Operating temperature range:

—40° Cto 66° C(—40° Fto 151°
F)

Before operating a module which
is at a temperature beyond the
operating range, that module
must first be brought to an envi-
ronment within the operating
range and then atlowed to stabii-
Ize for a reasonable length of time
(five or more minutes, depending
on air circulation).

6§° Cto 60° C(41° Fto 140° F)
Derate the maximum operating
temperaure by 0.5° C (1° F) for
each 1000 feet of altitude above
8000 feet.
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Relative Humidity: 10% to 95%, noncondensing
Altitude: Up to 50,000 feet (90 mm mercury)
Environment: Air must be noncaustic
DESCRIPTION

The DLV11-KA contains the following functional circuits (Figure 1):
ElA-to-20 mA converter, 20 mA-to-EIA converter, reader run, 110
baud rate generator, current sources and current sinks, a +5 Vdc
generator and a —12 Vdc charge pump. These circuits are selected by
the user to operate in a desired configuration.

ElA-to-20 mA

The circuit accepts a standard EIA RS-232 signal to an EIA receiver
and then provides optical isolation before it activates a passive 20 mA
switch. When the EIA input Is in the “mark” condition (less than —3V),
the switch is on. When the EIA input Is in the “space” condition (great-
er than +3V), the switch is off. The user can select passive or active
operation by using jumpers as described in the Configuration section.
The current source is provided by a 180 ohm resistor connected to the
+12 Vdc and the current sink is provided by a 24 mA current-limited
load to —12 Vdc.

20 mA-to-EIA .

The circult receives a 20 mA signal in a passive 20 mA detector. The
signal is optically isolated and then generates a standard EIA RS-232
output. With the 20 mA current signal flowing into the 20 mA detector,
the EIA output is in the “mark” state (less than —3V). With the 20 mA
current off, the EIA output is in the “space” state (greater than +3 V).
The current source Is provided by a 180 ohm resistor connected to the
+12 Vdc and the current sink Is provided by a 24 mA current-limited
load to —12 Vdc. When using this circult with an ASR-33 Teletype, the
user should install the noise suppression capacitor.

Reader Run

The reader run circuit recelves a TTL pulse to set a flip-flop. This flip-
flop enables the relay drive circuit that drives the reader run relay in a
DIGITAL-modified ASR-33 Teletype. The Teletype reader wiil advance
to the next character and Iinitiate its transmission down the line. A
delay circuit is used to reset the flip-flop in the middle of the start bit
and therefore disable the reader run circuits. When the first character
has been received, the flip-flop may again be set to advance to the
next character for its transmission. When used with the DLV11-J inter-
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face module, the circuit allows only one character to be transmitted by
the Teletype each time a 1 is written into the reader enable bit of the
RCS register.

NOTE
For proper operation of Teletype ASR-33 with
DIGITAL-supplied paper tape software, the SLU
should be configured for eight data bits, two stop
bits, and no parity. The Teletype models can be
LT33-DC, LT33-DD, LT33-DE, or an ASR-33 Tele-
type with the LT33-MB modification kit installed.

110 Baud Rate Generator

A 614.4 kHz crystal oscillator frequency Is divided by 352 (by 11 and
32) to produce a 110 baud UART clock at 1760 Hz (16 X 110). This
signal is sent back to the SLU module through the BC21A-03 cable.

+5 Vdc Generator
The +5 Vdc voltage is generated by a zener diode that drops the +12
Vdc power to +5 Vdc and is for internal use only.

—12 Vdc Charge Pump .
The —12 Vdc charge pump uses the output of the 614.4 kHz crystal-
controlied clock that is amplified and then rectified to produce the —12
Vdc reference voltage.
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Figure1 DLV11-KA Functional Block Diagram
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CONFIGURATION

The DLV11-KA requires the configuration of eleven jumper wire con-
nections and one capacitor connection. The locations of these jump-
ers are shown in Figure 2 and their functions are listed in Table 1.

Current Loop Definition

In simplest terms, the current in a circuit loop which extends from the
sender to the receiver is switched on and off to represent some partic-
ular format for serial transmission of binary data. Besides the actual
current path (wire), the following other three functions are required in
every current loop:

1. Currentsource 2. Switch 3. Current detector

The switch has to be located in the transmitter, and the current
detector has to be located in the receiver. However, the current source
may be located in either the sender or receiver. The function that
includes the current source is designated active and the one without it
passive. Only one passive and one active function are allowed in a
current loop: never two active or two passive functions (Figure 3). In
order to minimize ground differential noise coupling into data leads,
the transmitter and receiver at one end of the line shouid be either
both active or both passive, not mixed. Also, it is usually better to
configure the computer (master computer) as active and the terminal
(slave computer) as passive.
110 Baud Rate Generator
This circuit provides a 16 X 110 (1760 Hz), TTL level, crystal-controlied
clock to be sent back to the serial line unit module in order to add 110
baud rate capability to the module. A solderable jumper (W11) is pro-
vided in order to select or deselect this function.

12

g - ,

NOTE:
THE NUMBER 2 INDICATES THAT MR.2240
IT 1S THE W2 JUMPER WIRE.

Figure2 DLV11-KA Jumper Locations
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Table1 DLV11-K'AJumper Configurations

Function Jumperin Jumper Out
Passive 20 mA Receiver W7, W9 w6, wWs, W10
Active 20 mA Recelver* w6, w8, w10 W7, W9
Passive 20 mA Transmitter W2, W4 W1,v'3, W5
Active 20 mA Transmitter* W1, W3, W5 W2, W4

110 Baud Enabled* w11 -

110 Baud Disabled - w11

Noise Suppression - -

* Factory configuration.

ACTIVE TRANSMITTER PASSIVE RECEIVER
CURRENT INTERFACE
SOURCE oy | CABLE AEC
S N - 20MA
l 1 LOOP
= CURRENT | RCVR RECEIVED
'[‘ DETECTOR DATA
o >—> |
1 XMIT REC
—_— 1 - +
________ o)
TRANSMITTED

DATA

ACTIVE RECEIVER
RECEIVED

DATA - - PASSIVE TRANSMITTER
.— 1
-+ REC XMIT
CURRENT + -
H— 20 MA
l DETECTOR 7 1 LooP
4 _ _QMTR|,  TRANSMITTED
T r “ DATA
A\ N
4
REC XMIT

CURRENT
SOURCE

MR-2331

Figure 3 Standard Current Loop Interface
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Noise Suppression Capacitor

The DLV11-KA can be used with a DIGITAL-modified ASR-33 Teletype
and requires the user to install a 0.047 uF capacitor for noise suppres-
sion. This capacitor is installed across the position designated “C” as
shown in Figure 2.

Installation

The DLV11-KA option can be installed in a system that requires con-
version from EIA RS-232 standard to a 20 mA current loop. The
DLV11-KA option consists of a DLV11-KB converter box and a
BC21A-03 interface cable as shown in Figure 4. The BC21A-03isa 0.9
m (3 ft.) cable that interconnects the DLV11-KB to a EIA SLU interface
module. The smalier connector (2 X 5 pin) connects to the SLU mod-
ule and the larger connector (2 X 7 pin) connects to the DLV11-KB
box. Keying is provided on both connectors, and cable retention is
provided by locking pins on the SLU connector. To disengage, pull
back on the connector shell and the connector will slide free. However,
if the cable is pulled, the locking pins will hold the connector firmly in
place. A BCO5F-XX cable can be used to connect the DLV11-KB
converter box to DIGITAL 20 mA terminals including the DIGITAL-
modified ASR-33 Teletype. External mounting dimensions for the
DLV11-KB box are shown in Figure 5.

Cabling

Cables other than the DIGITAL BCOSF-XX can be used when installing

the DLV11-KA option. However, any other cable must conform to the

following parameters in order to meet the baud rate versus cable

length specification described in Table 2.

1. Resistance—not more than 30 ohms/1000 ft. (not less than 22
AWG)

2. Capacitance to ground—not more than 50 pF/ft.

3. Capacitance wire-to-wire—not more than 35 pF/ft.

The BCO5SF-XX cable meets the above requirements. If the user de-

sires to use shielded cable, the shield should be grounded to the

chassis at entry point and not to the DLV11-KB converter box. The

user can fabricate custom cables for the 20 mA interface by using

DIGITAL connectors and pins.

Baud Rate
The DLV11-KA option will operate up to a maximum of 9600 baud,
provided that the interface module can accommodate these rates.
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However, the maximum operational baud rate is also limited by the
length of cable. Table 2 provides maximum recommended cable
lengths for the specific baud rates. These recommendations are con-
servative and will yield satisfactory operation for aimost all applica-
tions. Exceeding these guidelines should be done only after reviewing
the DLV11-KA specifications, the severity of the operating environ-
ment, and the error rate that can be tolerated.

DLV11.KA OPTION

A

r Ty
BC21A-03 BCOSF-XX
CABLE CABLE
A A
r \ - \
P1  +12VDC P2 n 32 (NC)
20 < <&
| ! SIGGND | [ ) (2 ¢ 1 CL OUT —
| ° | | 2 1 | 2 |
[ | EIAOUT 1 CLIN -
8 oG |(3E:
SIG GND | READER —
._I_) 7 >I—% 4 e|_. _'< 4 P_—_
atind ! ! ! '] bwviike ! '
INTERFACE - ouT +
MODULE sy s *'_w 5 ¢+ EIATO20mA ! ¢ 5(_”&_
SUCHASTHE | | ! 1 ] gg;«(vsmen 1 1
DLV11-J | | KEY \ | | ) READER +
—> 6 — 6 < 6 &
2 i S 1 ]
[ | READERPLS | | ) 1CLIN+
>4 poeom———————( 7 - 7 —————
! [ [ ! 1 )
| EIAIN | ! I 1 {NC)
>3 ):———|< 8 €|— —< 8 &
1 SIG GND
32 > | ¢oe) T
| [ ! [ -
| | 110BAUD | [ gggﬁ oK
P e (10—
2X5PIN 2X5PIN TO 20 mA
AMP CONN BERG CONN DEVICE
3
°
1 4 0 00 0 0 0 0 0
1 8
KEY J2 MATE ‘N’ LOK
INO PIN) CONNECTOR
11 BERG
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Figure4 DLV11-KA Typical Installation
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g2

oSty
v6't

3

Z S

L 0.82

NOTE:

3.50

+
0.22 —Ol fo— J
0.82

COMPATIBLE WITH RETMA RACK SPACING.

Figure 5 DLV11-KA Mounting Dimensions

Table 2 Baud Rate vs. Cable Length

Baud Rate
9600

4800

2400

1200

600

300

110

Max Cable Length

30 m (100 ft.)
76 m (250 ft.)
152 m (500 t.)

305 m (1000 ft.)
610 m (2000 ft.)
1220 m (4000 ft.)
1220 m (4000 ft.)
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DRV11

DRV11 PARALLEL LINE UNIT

GENERAL

The DRV11 is a general-purpose interface unit used for connecting
parallel line TTL or DTL devices to the LSI-11 bus over up to 7.6 m (25
ft) of cable. It permits program-controlled data transfers at rates up to
40K words per second and provides LSI-11 bus interface and control
logic for interrupt processing and vector generation. Data is handled
by 16 diode-clamped input lines and 16 latched output lines. The
device address is user-assigned and control/status registers (CSR)
and data registers are compatible with PDP-11 software routines.

FEATURES

e 16 diode-clamped data input lines

e 16 latched output lines

e 16-bit word or 8-bit byte programmed data transfers

e User-assigned device address decoding

e LSI-11 bus interface and control logic for interrupt processing and:
vector generation

e Interrupt priority determined by electrical position along the LS1-11
bus

e Control/status registers (CSR) and data registers that are compati-
ble with PDP-11 software routines

o Four control lines to the peripheral device for NEW DATA RDY,
DATA TRANS, REQ A, and REQ B

e Logic-compatible with TTL and DTL devices

e Program-controlled data transfer rate of 40K words per second
(maximum)

SPECIFICATIONS
Identification M7941
Size Double
Power 5.0Vdc £5% at0.9 A
Bus Loads
AC 1.4
DC 1.0
DESCRIPTION
General

Major functions contained on the DRV11 module are shown in Figure
1. Communications between the processor and the DRV 11 are execut-
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ed via programmed 1/0 operations or interrupt-driven routines.
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Figure1 DRV11 Parallel Line Unit

The DRV11 is capable of storing one 16-bit output word or two 8-bit
output bytes in DROUTBUF. The stored data (OUTO0-15 H) is routed to
the user’'s device via an optional 1/0 cable connected to J1. Any pro-
grammed operation that loads a byte or a word in DROUTBUF causes
a NEW DATA RDY H signal to be generated, informing the user's
device of the operation.

Input data (DRINBUF) is gated onto the BDAL bus during a DATI bus
cycle. All 16 bits are placed on the bus simultaneously; however, when
the processor is involved in an 8-bit byte operation, it uses only the
high or low byte. When the data is taken by the processor, a DATA
TRANS H pulse is sent to the user’s device to inform the device of the
transfer.

Addressing

When addressing a peripheral device interface such as the DRV11, the
processor places an address on BDALO-15 L, which is received and
distributed as BRDO-15 H in the DRV11. The address is in the upper
4K (28-32K) address space. On the leading edge of BSYNC L, the
address decoder decodes the address selected by jumpers A3-A12
and sets the device selected flip-flop (not shown); the active flip-flop
output is the ME signal, which enables function selection and 1/0
control logic operation. At the same time, function selection logic
stores address bits BRD0-2.
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NOTE
When addressed, the DRV11 always responds to ei-
ther BDIN L or BDOUT L by asserting BRPLY L (L =
assertion).

Function Selection

Function selection and 1/0 control logic monitors the ME signal and
bus signals BDIN L, BDOUT L, and BWTBT L. It responds by generat-
ing appropriate select signals which control internal data gating. NEW
DATA RDY H or DATA TRANS H output signals for the user’s device,
and the BRPLY L bus signal which informs the processor that the
DRV11 has responded to the programmed 1/0 operation. Since the
DRV11