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CHAPTER 1

INTRODUCTION

1.1 SCOPE

This handbook is a reference guide for the memory and peripheral hard-
ware options that can be installed on the LSI-11 bus. Itincludes descrip-
tions, specifications, configuration information, programming
information as applicable to the options, and functional theory. The hard-
ware options described in this handbook are designed to interface with a
processor via the LSI-11 bus. Therefore, the user should be familiar with
the contents of the appropriate processor handbook.

1.2 PERIPHERAL EQUIPMENT

Digital Equipment Corporation designs and manufactures the memory
and peripheral options described in this handbook. The general design
criterion was to provide maximum system throughput for peripherals
when installed on the LSI-11 bus. LSI-11 bus-compatible processors
and peripherals are designed to work together, providing a broad spec-
trum of system-compatible hardware options. The memory and periph-
eral devices can be used with any 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 sup-
port, provides a single source for all present and future microcomputer
processing needs.

1.3 LSI-11 FAMILY CHARACTERISTICS

LSI-11 bus systems include various processors, memory and peripheral
device options, and software. Some of the characteristics of the LSI-11
bus systems are as follows:

* Low-cost, powerful processors for integration into any small- or
medium-sized computer system.

¢ Direct addressing of all memory locations and peripheral device reg-
isters.

* 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.

¢ A module component design that provides ease and flexibility in con-
figuring systems.
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¢ |Inherent direct memory access capabilities for high data rate devices.

* A bus structure that provides position-dependent priority for periph-
eral device interfaces connected to the 1/0 bus.

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

1.4 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 regis-
ters that can be used as accumulators, address pointers, index registers,
and other specialized functions. The processor can perform data trans-
fers directly between peripheral input/output (I/0) devices and memory
without disturbing the processor registers. Data transfers include both
16-bit word and 8-bit byte data.

1.6 LSI-11 BUS

System components, including the processor, memory, and peripherals,
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 periph-
eral 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 1/0 page or
“bank 7.”

Whenever the |/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 [/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 "de-
vice register(s).” These registers can be accessed under program control
in exactly the same manner as memory locations. Unique addresses
within the 1/0 page are encoded on address bits (15:00).

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



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

1.6 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 generally
designated control and status register(s).

Control and status registers {CSRs) contain all the necessary information
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 in-
clude interrupt enable, error, done or ready, and enable.

Data buffer registers (DBRs) are for temporarily storing data to be trans-
ferred into and out of the processor. The number and type of data regis-
ters is a function of the individual peripheral device requirements.

1.7 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 acknowledges the
interrupt. The highest priority peripheral device currently requesting in-
terrupt service responds by inputting its interrupt vector address to the
processor. The processor uses this vector address as a pointer to two
memory locations containing the PC (starting address) and PS for the
peripheral device interrupt service routine. Program control is transferred
from the interrupted program to the routine associated with the request-
ing peripheral device. Note that no device polling is required since the
interrupt vector is unique for that device. Once the device service routine
execution has been completed, control is returned either to the pre-
viously interrupted program or to another peripheral device requesting
interrupt service.

1.8 MEMORY ADDRESSES

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. and/or
read/write memory for DM A buffers. The system designer must use care
in assigning memory addresses within the /O 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 Appendix A for the
standard assignments of the addresses in the I/0 page.
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CHAPTER 2
LS!-11 BUS PERIPHERALS AND OPTIONS

GENERAL

This chapter contains descriptions, features, specifications, con-
figuration, and functional information for the LSI-11 bus peripherals and
options. The data is arranged alphanumerically by option designation
and 1s summarized by categories in Table 2-1. The option designation is
printed on the top of each page to assist in locating any specific option.
All the peripherals and options interface with the LSI-11 bus.

All the options include a module that connects to the bus backplane and
provides the interface connections between the bus and the peripheral
device. Some options provide only the interface module and will provide
direct connections from the user’s device to the bus. Other options in-
clude the device, such as line printers and disk drives. Some options
have the capability to interface more than a single device, such as disk
drives or terminals.

Table 2-1 Peripherals and Option Designations

Option Name Page

INTERFACE OPTIONS

AAV11-A 4-Channel, 12-Bit D/A Converter 2-21

ADV11-A Analog-to-Digital Converter 2-31

DRV11 Parallel Line Interface 2-173
DRV11-B DMA Interface 2-193
DRV11-P LSI-11 Bus Interface Foundation Module 2-217
IBV11-A Instrument Bus Interface 2-295
KWV11-A Programmable Real-Time Clock 2-339

COMMUNICATIONS OPTIONS

DLV11 Asynchronous Serial Line Interface 2-81

DLV11-E Asynchronous Line Interface 2-103
DLV11-F Asynchronous Line Interface 2-125
DLV11-J Four Asynchronous Serial Interfaces 2-147
DUV11 Synchronous Line Interface 2-245
DzZV11 Asynchronous Multiplexer 2-269
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Table 2-1 Peripherals and Option Designations (Cont)

Option Name Page
EXPANSION MEMORIES

MMV11-A 4K by 16-Bit Core Memory 2-395
MRV 11-AA 4K by 16-Bit Read-Only Memory 2-413
MRV11-BA UV PROM/RAM Memory 2-425
MSV11-B 4K by 16-Bit MOS Read/Write Memory 2-441
MSV11-CD 16K by 16-Bit MOS Read/Write Memory 2-447
MSV11-D, -E 8K, 16K, or 32K Random Access Memory  2-471
PERIPHERALS

LAV 11 LA180 Printer Option 2-361
LPV11 LA180/LPO5 Printer Option 2-375
RKV11-D RKO5 Disk Drive Option 2-509
RLV11 RLO1 Disk Drive Option 2-545
RXV11 RXO01 Floppy Disk Drive Option 2-575
MISCELLANEOUS OPTIONS

BDV11 Diagnostic, Bootstrap, Terminator 2-51
KPV11-A, -B,-C Power-Fail, Line-Time Clock, Terminator 2-317
REV11-A, -C DMA Refresh, Bootstrap. Terminator 2-491
TEV11 Terminator 2-605

GENERAL SPECIFICATIONS

All the LS1-11 bus modules will operate under the following conditions:

Temperature 5° t0 60° C (41° to 140° F)
Humidity 10 to 95% (no condensation)

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

should be directed to flow across the modules.

DETAILED SPECIFICATIONS

All the individual module specifications are included in the detailed
description of the peripheral or option. A summary of the module charac
teristics is provided in Table 2-2; these characteristics are defined las

follows.

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

option.
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Table 2-2 Module Specifications

Option Module Power Requirements Bus Loads”

Desig. No(s). Description +5V+5% +12V+3% AC (Max) DC Size Page

AAV11-A  A6001 4-channel, 12-bit 16A 0.4A 19 1 Quad 2-21
D/A converter

ADV11-A  AO012 16-channel, 12-bit 20A 0.45 A 3.25 1 Quad 2-31
A/D converter

BDV11 M8012 Boot, term, 1.6A 007 A 2.0 1 Quad 2 51
diagnostic

DLV11 M7940 Asynchronous serial 1.0A 0.18A 25 1 Double  2-81
line interface

DLV11-E M8017 Asynchronous line 1.0A 0.18A 1.6 1 Double 2-103
interface

DLV11-F mM8028 Asynchronous line 10A 0.18 A 2.2 1 Double 2-125
interface

DLV11-J M8043 4 asynchronous 10A 0.25A 1 1 Doubie 2-147

serial interfaces

“These ac loads figures were measured using standard TDR (time domain reflectometry) techniques. The conversion facto " 1S 9.35
pF/ac load. These numbers are nominal values which will tend to vary from module to module due to normal tolerances ©f com-
ponents used in the manufacturing of the product.
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Table 2-2 Module Specifications (Cont)

Option Module Power Requirements Bus Loads”

Desig. No(s). Description +5V+5% +12v+3% AC(Max) DC Size Page

DRV 11 M7941 Parallel line unit 09 A - 14 1 Double 2-173
interface

DRV11-B  M7950 DMA interface 1.9A - 33 1 Quad 2-193

DRV11-P  M7948 Foundation 1.0A - 2.1 1 Quad 2-217
module + user logic

DUV 11 M7951 Synchronous serial 0.86 A 0.32 1.00 1 Quad 2-245
line interface

DZV11-A  M7957 Asynchronous 115A 039A 385 1 Quad 2 269
line interface

IBV11-A M7954 Instrument bus 08A - 18 1 Double 2-295
interface

KPV11-A M8016 Power-fail/line- 0.56 A - 163 1 Double 2-317

time clock

*These ac loads 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 com-

ponents used in the manufacturing of the product.
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Table 2-2 Module Specifications (Cont)

Option Module Power Requirements Bus Loads”

Desig. No(s). Description +5V+5% +12V+3% AC (Max) DC Size Page

KPV11-B M8016-YB Power-fail/line- 0.56 A - 1.63 1 Double 2-317
time clock/120 €2
bus terminator

KPV11-C M8016-YC Power-fail/line- 056 A - 163 1 Double 2-317
time clock/220 (2
bus terminator

KWV11-A M79562 Programmable 1.75A 0.01 A 34 1 Quad 2-339
real-time clock

LAV11 M7949 LA180 line printer 08A - 18 1 Double 2-361
interface

LPV11 mM8027 LA180/LP0O5 0.8 A - 1.4 1 Double 2-375
printer interface

MMV11-A H223 4K X 16 core 1.91 1 2 quads 2-395

G653 memory

(standby current) 30A 02A
(operating current) 70A 0.6A

“These ac loads 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 com-

ponents used in the manufacturing of the product.
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Table 2-2 Module Specifications

Option Module Power Requirements Bus Loads *
Desig. Nof(s). Description +5V+5% +12V+3% AC (Max) DC Size Page
MRV11-AA M7942 4K X 16 read-only 04A - 1.8 1 Double 2-413

memory (less
PROM integrated
circuits

(with 32512 X 4 28A
PROM integrated

circuits)

(MRV11-AC)

MRV11-BA M8021 UV PROM- 0.58 A 0.34 A 2.8 1 Double 2-425
RAM (less PROM
integrated circuits)

(with8 1K X 8 062 A 05A
PROM integrated

circuits)

(MRV11-BC)

*These ac loads 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 com-
ponents used in the manufacturing of the product.
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Table 2-2 Module Specifications (Cont)

Option Module Power Requirements Bus Loads*

Desig. Nof(s). Description +5V+5% +12V+3% AC (Max) DC Size Page

MSV11-B  M7944 4K X 16 read/write 0.6 A 0.54 A 19 1 Double 2-441
MOS memory

MSV11-CD M7955-YD 16K X 16 read/write 11 A 0.54 A 23 1 Quad 2.447
MOS memory

MSVii-D M8044 4K/16K/32K 1.7A 0.34 A 2.0 1 Double 2-471
MOS memory

MSV11i-E MB0O45 4K/16K/32K 20A 0.41A 20 1 Double 2.471
MOS memory

REV11-A M9400-YA 120 2 terminator, 16 A - 22 1 Double 2.491
DMA refresh,
bootstrap ROM

REV11-C  M9400-YC DMA refresh, 16A - 22 1 Double 2.491

bootstrap ROM

*These ac loads 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 com-

ponents used in the manufacturing of the product.



Table 2-2 Module Specifications (Cont)

8-C

Option Module Power Requirements Bus Loads *

Desig. No(s). Description +5V+5% +12V+3% AC (Max) DC Size Page
RKV11-D M7269 LSI-11 bus control 18A - 1.9 1 Double 2-509

for RKV11-D
RLV11 M8013 RLO1 disk 65A 10A 32 1 2 quads 2-545
M8014 drive

RXV11-A M7946 RXO1 interface 15A - 1.8 1 Double 2-575
TEV11 M9400-YB 120 Q terminator 05 A - 0 0 Double 2-605

‘These ac loads 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 tc normal tolerances of com-
ponents used in the manufacturing of the product



2. The module number is the number assigned to the interface modules
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 num-
bers are listed numerically in Table 2-3 so that the user can identify
the options installed by using the module numbers.

Table 2-3 Module identification Numbers

Module Option Description
1-A 16-Channel, 12-Bit A/D Converter
//:(6)2)(2)1 ﬁ/?\://} 1-A 4-Channel, .1 2-Bit D/A Converter
G653 : MMV11-A 4K X 16-Bit Core Memory
H223 MMV11-A 4K X 16-Bit Core Memory
M7269 RKV11-D RKO5 Disk Drive Option
M7940 DLV11 Serial Line Unit Interface
M7941 DRV11 Parallel Line Unit Interface
M7942 MRV11-AA 4K X 16-Bit Read-Only Memory
{Less PROMs)
M7944 MSV11-B 4K X 16-Bit Read/Write MOS
Memory
M7946 RXV11-A Floppy Disk Drive Option
M7948 DRV11-P Foundation Module
M7949 LAV11 LA180 Line Printer Option
M7950 DRV11-B DMA Interface
M7951 DUV11-DA Synchronous Serial Line Interface
M7952 KWV11-A Programmable Real-Time Clock
M7954 IBV11-A Instrument Bus Interface
M7955-YD MSV11-CD 16K X 16-Bit Read/Write MOS
Memory
M7957 DZV11-A Asynchronous Line Interface
M8012 BDV11 Bootstrap, Diagnostic, and
Terminator
M8013 RLV11 RLO1 Disk Drive Option
M8014 RLV11 RLO1 Disk Drive Option
M8016 KPV11-A Power-Fail/Line-Time Clock
M8016-YB KPV11-8 Power-Fail/Line-Time Clock/120-
Ohm Terminator
M8016-YC KPV11-C Power-Fail/Line-Time Clock/220-
Ohm Terminator
M8017 DLV11-E Asynchronous Line Interface
M8021 MRV11-BA UV PROM/RAM (Less
PROMs)
M8027 LPV11 LA180/LPO5 Printer Option
M8028 DLV11-F Asynchronous Line Interface
M8043 DLV11-J Four Asynchronous Line Interfaces

2-9



Table 2-3 Module ldentification Numbers (Cont)

Module Option Description

M8044 MSV11-D 4K, 8K, 16K, 32K MOS Memory

M8045 MSV11-E 4K, 8K, 16K, 32K MOS Memory

M9400-YA REV11-A DMA Refresh/Bootstrap ROM/120-
Ohm Terminator

M39400-YB TEV11 120-Ohm Terminator

M9400-YC REV11-C DMA Refresh/Bootstrap ROM

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

4. The power requirements specify the power used by the option when
connected to the bus backplane. These requirements are used to

determine the total power supply loading within a single system as
described in Chapter 4.

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. Complete details
for the backplane requirements are contained in Chapter 4.

6. The interface modules are standardized 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 c¢cm (0.5 in) wide. The quad
size module is 26.5 ¢cm (10.5 in) high, 22.8cm (8.9in) long, and 1.27
cm (0.5 in) wide (Figure 2-1).

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 information 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 in-
creases 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 processor.
The upper 4K of memory address space is reserved for the processor and
external input/output (I/0) registers. The user can select 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, connecting or disconnecting wire-
wrap pins, or installing or removing wired jumpers on the module.
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Figure 2-1  Module Dimensions



Control and Status Registers

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

ERRORS

BUSY

{
|

UNIT SELECT 5 %MEMORY DEVICE

| “XTENSION  FUNCTION i

DONE ¢ ENABLE
OR
READY

INTERRJPT
ENABLE

MR-1456

Figure 2-2 Controls and Status Register

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

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

described in Table 2-4.

Table 2-4 Typical Control and Status Register

Bit

Name

Function

15-12

Errors

Generally there is an individual bit
associated with a specific error.
When more bits are required for
errors, they can be obtained by ex-
panding the error section in the
word or by using another status
word. Generally bit 15 is the in-
clusive-OR of all other error bits (if
there is more than cne). Most de-
vices will have “hard” error condi-
tions which will cause an interrupt if
bit 6 is set. Some may also have
“soft"" errors (warning types) which
do not cause immediate interrupts.




Table 2-4 Typical Control and Status Register (Cont)

Bit Name Function

11 Busy Set to indicate that a device oper-
ation is being performed.

10-8 Unit Select 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
multiple channels. The unit bits se-
lect the proper surface or channel.

7 Done or Ready 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 pe-
ripheral device, but may be queried
by the program to determine the
availability of the device.

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

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

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

0 Enable Set to enable the device to perform
an operation.

Data Buffer Registers

The data buffer register is used for temporarily storing data to be trans-
ferred 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 exe-
cution 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
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request. After completing the service routine execution, program control
is returned to the interrupted program. This type of operation is espe-
cially 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 inter-
rupt the service routine execution of a lower priority device if the proces-
sor's priority is set during that execution; hence, interrupt nesting to any
level is possible with this interrupt structure. Each device normally con-
tains a control/status register (CSR), which includes an interrupt enable

bit. A program must set this bit before an interrupt can be generated by
the device.

Interrupt Vectors

An interrupt vector associated with each device is hard-wired into the
device's interface/contro! logic. This vector is an address pointer that is
transmitted to the processor during the interrupt acknowledge sequence,
allowing automatic entry into the service routine without device polling.
The user can select an interrupt vector from within 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, connecting or

disconnecting wire-wrap pins, or installing or removing wired jumpers on
the module.

FUNCTIONAL DESCRIPTION

The functional description is provided for all the options in order to assist
the user in understanding the theory of operation.

CATEGORIES

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

Interface Options

AAV11-A The AAV11-A is a 4-channel, 12-bit 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 reg-
ister that can be addressed separately and provides 12
bits of resolution. Bits 0, 1, 2, and 3 of the fourth holding
register are brought out to the 1/0 connector so that they
can be used as a 4-bit digital output register.
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ADV11-A

DRV11

DRV11-B

DRV11-P

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 accommodate up to 16
single-ended or 8 quasi-differential inputs. The converter
uses a patented auto-zeroing design that measures the
sampled data with respect to its own offset and therefore
cancels out its own offset error.

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

The DRV 11 is a parallel interface module that is used to
interconnect the LSI-11 bus with general-purpose, paral-
lel 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 control logic to generate
interrupts and process vector handling. The data is han-
dled by 16 diode-clamped input lines and 16 latched out-
put lines. There are two 40-pin connectors on the module
for user interface applications.

The DRV11-B is an interface module that uses direot
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 intervention required. The module
can transfer up to 250K 16-bit words per second in the
single-cycle mode and up to 500K 16-bit words per sec-
ond in the burst mode. It also allows read-modify-restore
operations.

The DRV11-P is a foundation wire-wrap interface module
with a 40-pin 1/0 connector. Approximately 25 percent
of the module is occupied by bus transceivers, 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 ICs and wire-wrap pins for interconnecting
the user’s circuits. The plated-through holes can accept
6-, 8-, 14-, 16-, 18-, 20-, 22-, 24-, and 40-pin dual-in-
line integrated circuits or discrete components.



IBV11-A

KWV11-A

The IBV11-A is an interface module that interconnects
the LSI-11 bus with the instrument bus described in IEEE
standard 488-1975, "Digital Interface for Programmable
Instrumentation " The IBV11-A makes a processor-con-
trolled programmable instrument system possible. The
module can accommodate up to 15 IEEE-488 devices
and is PDP-11 software-compatible.

The KWV11-A is a programmable real-time clock/
counter that provides a means of determining time inter-
vals or counting events. It can be used to generate inter-
rupts to the processor at predetermined intervals or
establish timing between input and output events. It can
also initialize the ADV11-A analog-to-digital converter by
a clock counter overflow 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 module can
operate in any of four programmable modes: single inter-
val, repeated interval, external event timing, and external
event timing from zero base.

Communications Options

DLV11

DLV11-E

DLV11-F

The DLV 11 is a serial line unit (SLU) that interfaces with
asynchronous serial /0O devices. The module has jumper-
selectable baud rates (50-9600) and serial word format
that includes the number of stop bits, number of data
bits, and even, odd, or no parity bit. The DLV 11 can sup-
port 20 mA current loop interfaces or EIA "‘data leads
only” interfaces.

The DLV11-E is an asynchronous line interface module
that interconnects the LSI-11 bus to standard serial com-
munications lines. The module receives serial data, con-
verts it to parallel data, and transfers it to the LSI-11 bus.
Also, it accepts parallel data from the LSI-11 bus, con-
verts it to serial data, and transmits it to the peripheral
device. The module has jumper-selectable or software-
selectable baud rates (560-19200), and jumper-select-
able stop bit and data bit formats. The DLV11-E offers
full modem control for EIA/CCITT interfaces.

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

DUV11

Dzv11

‘o the penpheratl device. The module Hias fampes-seieth
able or software-selectable baud rates (50-19200) and
jumper-selectable stop bits and data bits. The DLV11-F
supports either 20 mA current loop or EIA standard lines,
but does not include modem control.

The DLV11-J contains four independent asynchronous
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 2 DUV11-KA adpater is
used. The DLV11-J has jumper-selectable baud rates
from 150 to 38.4K baud.

The DUV11 synchronous line interface module estab-
lishes a data communication line between the LSI-11 bus
and a Bell 201 synchronous modem or equivalent. The
module is fully programmable with respect to sync char-
acters, character length (5 to 8 bits), and parity selection.
The receiver logic accepts serial data from the modem
and converts it to parallel 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 lev-
els required by the Bell 201 modems and also controls
the modem for half-duplex or full-duplex.

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 voltage levels and data set
control to permit dial-up (auto-answer) operations with
full-duplex modems such as Bell models 103, 113, 212,
or equivalent. The DZV11 does not support half-duplex
operations or the secondary transmit and receive oper-
ations available in some modems such as Bell 202. The
DZV11 has applications in data concentration and collec-
tion systems where front-end systems interface to a host
computer and for use in a cluster controller for terminal
applications.

Expansion Memories

MMV11-A

The MMV11-A is a 4K by 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 backplanes that contain
the LSI-11 bus in both the A/B and the C/D slots.
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MRV11-AA

MRV11-BA

MSV11-B

MSV11-CD

MSV11-D, -E

Peripherals

LAV11

LPV11

The MRV 11-AA is a read-only memory module on which
the user can install fusible link, programmable, read-only
memory (PROM) chips or masked read-only memory
(ROM) chips. The user selects the address space of the
memory by configuring removable jumper wires.

The MRV 11-BA is a read-only memory module that uses
ultraviolet (UV) erasable, programmable, read-only mem-
ory (PROM) integrated circuits. The module also contains
a 256 by 16-bit random access memory (RAM) that can
be used as a “scratchpad’ or "stack” by the system soft-
ware.

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

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

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

The LAV11 option consists of an LA180 DECprinter, an
interface module, and a BC11S-25 interface cable. The
interface module provides interconnection between the
LA180 DECprinter and the LSI-11 bus. The module out-
puts ASCII characters to the printer and monitors various
printer operations that require operator control.

The LPV11 printer option consists of an interface module,
an interface cable, and either an LPO5 or LA180 line
printer. The interface module provides programmed con-
trol of data transfers and provides printer strobe signals
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RKV11-D

RLV11

RXV11

appropriate for either printer. The LA180 DECprinter is a
high-speed printer that prints 180 characters per second
and the LPO5 printer can print 240 or 300 lines per min-
ute, depending on which model is selected.

The RKV11-D option consists of an RKO5 disk drive con-
troller, an LSI-11 bus interface module, and an RKO5J
disk drive. The RKO5 disk drive controller can be used
with up to eight RKO5J 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 2'6 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
RKO5J or RKO5F disk drives and the controller can be
mounted 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 assem-
bly. The controller can only be used in an H3273-A type
backplane which incorporates on LSI-11 bus in slots A
and B. with an interboard bus in slots C and D. The con-
troller 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 biocks on a preformatted disk
cartridge. Each drive can store up to 5.24 million bytes
and the complete system can store up to 21 million
bytes. The RLV11 transfers data using direct memory ac-
cess (DMA) techniques; this allows data transfers with-
out processor intervention and at bus bandwidth speed.

The RXV11 option consists of an interface module, cable
assembly, and either a single or dual drive RX01 floppy
disk. This option is a random access mass storage device
that stores data in fixed-length blocks on a preformatted
flexible diskette. Each diskette can store and retrieve up
to 256K, 8-bit bytes of data. The RXV11 system is rack-
mountable in the standard 48.3 cm (19 in) cabinet.

Miscellaneous Options

BDV11

The BDV11 module has 2K words of read-only memory
(ROM) that contains diagnostic and bootstrap programs.
These programs are user-selectable by setting dip
switches. The diagnostic programs will test the proces-
sor, the memory, and the user’'s console. The bootstrap
programs can boot LSI-11 peripheral devices. The mod-
ule also has 120-ohm bus termination circuits.
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KPV11-A, -B,
-C

REV11-A, -C

TEV11

The user can add up to 16K words of read-only memory
(ROM) and up to 2K words of erasable programmable
ROM (EPROM) on the module. This 18K words of addi-
tional 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 provides 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 terminaticn circuits.

The TEV11 is a bus terminator module that provides
120-ohm bus termination circuits.
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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., £5.12 V, £10.24 V
Unipolar mode O to +5.12 V, 0 to +10.24 V

e One part in 4096 resolution

® 5 V/us slew rate

e +5 mA drive capability per converter

SPECIFICATIONS

Identification A6001
Size Quad
Power +50 Vdc £ 5% at 1.5 A
+12.0 Vdc £ 3% at 0.4 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 unipolar
mode; offset binary encoded for bipolar
mode)
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AAV11-A

Digital storage
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)
CONFIGURATION

General

Read-write, word or byte operable, single
buffered

+2.56V,£5.12V, £10.24 V bipolar, O V
to +5.12V, 0 V to +10.24 V unipolar

Adjustable (factory set for bipolar £5.12
V)

10 PPM per °C, max.

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

+1/2 LSB max. non-linearity
+1/2 LSB, monotonic

1 ohm max.

+6 mA max. per converter
5 V/us

4 us (8 us with 5000 pF load in parallel
with 1 k)

The following paragraphs describe how the user can configure the mod-
ule so that it will function within his system by setting dip switches
(Figure 1) to obtain the desired device address. The voltage range for
each D/A converter (DAC O — DAC 3) can be independently configured
by installing or removing the designated jumpers (Figure 1) associated
with a specific D/A converter. Also described in this section is the
method of connecting external devices to the module. The standard fac-
tory addresses for the registers are listed in Table 1.

Table 1 Standard Addresses
Register Mnemonic Address
Holding O DACO 170440
Holding 1 DAC 1 170442
Holding 2 DAC 2 170444
Holding 3 DAC 3 170446
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Device Registers

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

D/A Converter Range and Mode

The range and mode (bipolar or unipolar) voltages can be selected by the
user inserting or removing jumpers as shown in Figure 1. Four jumpers
are associated with each D/A converter. The module is factory-con-
figured for -5.12 to +5.12 V bipolar operation. The jumper con-
figurations for the bipolar mode ranges are shown in Table 3; the
unipolar ranges are shown in Table 4.
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Figure 2 Address Selection
Table 2 DAC Word Formats
Bit DACO.DAC1,DAC2 DAC3
15-12 Not used Not used
1 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 6
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 O Binary O/Control O

Table 3 Jumper Configurations for Bipolar Operation

+2.56 V +5.12 V +10.24 V

DAC 1

w3 IN IN ouT
W4 ouT ouT IN
w5 IN ouT out
w6 IN IN IN
DAC 2

w7 IN. IN out
w8 ouT ouT IN
W9 IN ouT ou~
w10 IN IN IN
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Table 3 Jumper Configurations for Bipolar Operation (Cont)

+2.56 V +6.12V +10.24V

DAC 3

W11 IN IN ouT
w12 ouT ouT IN
w13 IN ouT ouT
w14 IN IN IN
DAC 4

Wi5 IN IN ouT
W16 ouT ouT IN
W17 IN ouT ouT
w18 IN IN IN

Table 4 Jumper Configurations for Unipolar Operation

OV—-+512V oOV—-+410.24V

DAC 1

W3 IN IN

w4 ouT ouT

W5 IN ouT

W6 ouT ouT
DAC 2

w7 IN IN

w8 ouT ouT

wo IN ouT

W10 ouTt ouT
DAC 3

W11 IN IN

w12 ouT ouT

w13 IN ouT

W14 ouT ouTt
DAC 4

W15 IN IN

W16 ouT ouT

W17 IN ouT

w18 ouT ouT
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ALVTII-A

J1 Output Connections

Analog output devices such as oscilloscopes may be either grounded or
floating. If the oscilioscope is grounded, either through its power plug or
through contact between its chassis and a grounded cabinet, the
oscilloscope ground should not be connected to any of the AAV11-A
ground pins. Doing so may result in a ground loop which will adversely
affect oscilloscope control results as well as ADV11-A operation (if
used). If the oscilloscope is floating, its ground should be connected to
the AAV11-A logic ground, J1 pins L, N, R, or T. Note that the foregoing
assumes that the LSI-11 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.

Oscilloscope X and Y inputs may be either differential or single-ended.
Differential inputs should be driven as in Figure 3.

A B8
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E F
L3 DN [
H J
JO00. ) DS A
3 B .
— o— -1
M N =
0 ot
ol R
_P| o}
s T |
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+15v TEST ——+——0 O———+—— DAC 1 OUT
Uy vv
DAC C HQ GND ——4—0 o———+—— DAC O OUT

BOARD SIDE

n-a314

Figure 3 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. Return path for X and Y
signal currents is through ground for a grounded oscilloscope or through
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AAV11-A

logic ground {pins L, N, R, or T) for a floating oscilioscope. Since the
grounded, single-ended oscilioscope receives an input voltage 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 minimized by pltgging the oscillosccpe into an ac socket
as clcse as possible to the LSi-11 system. Running sirgle-ended
oscilloscopes in a floating configuration will eliminate rioise and line fre-
quency errors which are due to ground voltage differences.

The effect of magnetic coupling into the oscilioscope input lines can be
minimized fcr 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 oscilloscope 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 tc ground at one end only.
Grounding the shield at both ends may result in a ground loop which will
adversely affect osciiloscope control results and any ADV11-A A/D
operations (if used).

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

Optional Equipment

Figure 4 illustrates the H854 40-pin connector pin assignments for user
ocutputs. These pins may be connected to the optional H322 distribution
panel for convenient user access via an optional BCO8R cable. The
optional BCO4Z is available for applications which require an untermi-
nated 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 BCO4Z cable is available in lengths of
3.05m (10 ft), 45 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 O as maximum negative voltage, mid-point (i.e.,
40005 for the 12-bit AAV11-A) as 0V, and all 1s (7777g) as maximum
positive voltage. These relationships are illustrated in Table 5.
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Figure 4 J1 Connector Pin Assignments

Table 5 AAV11-A Digital-to-Analog Conversions*

Bipolar Unipolar
Input OVto 0Vto
Code +2.56 V +5.12V +10.24V 45.12V +10.24 V
(octal) (volts) (volts) (volts) (volts) (volts)
0000 —2.56 —5.12 —10.24 +0.0 +0.0
0001 —255875 —5.1175 —10.235 4-0.00125 +0.025
3777t —0.00125 —-0.0025 —0.005 42.55875 +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 +410.2375

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

1 Note that in all ranges, actual maximum positive voltage output is 1 LSB less
than nominal maximum positive output.

FUNCTIONAL DESCRIPTION

General

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 con-
verter functions as shown in Figure 5.
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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, permit-
ting the AAV11-A to recognize when it is being addressed by the pro-
cessor (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
respective 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 proces-
sor

¢ A digital-to-analog converter (DAC) proper which generates a current
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 adjust-
ment of signal offset.

DAC 3

DAC 3 is identical to DACs 0, 1, and 2 except that holding register bits
0-3 are routed to the I/0 connector as well as to the DAC. This arrange-
ment permits these bits to be routed to external equipment that requires
binary control signals at programmable intervals. Control data 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.

2-30



ADV11-A

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 accom-
modate up to 16 single-ended or 8 quasi-differential inputs. The con-
verter section uses a patented auto-zeroing design that measures the
sampled data with respect to its own circuitry offset and therefore can-
cels 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 KWV 11-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
Sample-and-hold functions
Auto zeroing technique
Buffered data output
Self-testing features

SPECIFICATIONS

Identification A012
Type Quad
Power +5Vdec + 5% at 2.0 A
+12 Vdc + 3% at 450 mA
Bus Loads
AC 3.3
DC 1

2-31



ADV11-A

Inputs
Analog input protection

Logic input protection

Analog input
full scale range (FSR)

Analog input
dynamic resistance
([Vin]| <512 V)

Analog input bias current
(|vin][<5.12 V)

Logic input voltages
Logic input currents

Logic input rise/fall time

Coding
A/D converter
Resolution

Format

Fusible resistor guaranteed to open at
485 V within 6.25 seconds. Guaranteed
not to open from -25 V to +20 V at the
input. Overload affects no components
other than the fusible resistor on the over-
loaded channel; no other channels are
affected.

Fusible resistor guaranteed to open at
+25 V within 6.25 seconds. Guaranteed
not to open from -4 V to +9 V at the
input.

10.24 V bipolar (-5.12 V to +5.12 V)

100 MQ, minimum

50 nA, maximum
Low = 0.0to +0.7 V
High = +2Vto +5V

Low = -6.8 mA at0V
High = +1.3mAat+5V

400 ns, maximum

12 bits, binary weighted (2.5 mV nominal)

Parallel offset binary, right justified

Input Voltage Output Code

+FS-1LSB 7777

0] 4000

-FS 0
(FS=5.12V:

1LSB =25mV)



Vernier D/A
Resolution

Formeat

Performance
Gain error

Offset error

Differential linearity

Integral linearity

Temperature coefficients

Noise

Warm-up time

Timing
External Start

Synchronization
Conversion time

Transition interval
(reacquisition interval be-
tween end of conversion or
channel change and start
of new conversion)

ADV11-A

& bits, binary weighted
Offset binary encoded

Approximate

Input Code  Offset Voltage

377 +2.5A/D LSB (+6.4 mV)
200 0

¢ -2.5A/D LSB (-6.4 mV)

Adjustable to zero
Adjustable to zero

No skipped states; no states wider than 2
LSB. 99% of state widths £1/2 LSB

=1 LSB. maximum non-linearity (refer-
enced 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
Systermn

0.4 LSB rms; 2 LSB peak
0.5 LSB rms; 2 LSB peak

5 minutes, maximum

Low level pulse, 50 ns minimum to 10 us
maximum; conversion starts on leading
edge

OtoT

16 T (T = clock period = 2 us)

9 us

2-33



ADV11-A

Test Signals
The ADV11-A provides three output voltages for test purposes:

1. Positive dc level, +4.4 V (£ 15%)

2. Negative dc level, ~4.4 V (£ 15%)

3. Triangular wave, 15 Hz nominal {2:15%).
CONFIGURATION

General

This section describes how the user can configure the moduie so that it
will function within his system by setting dip switches S1 and S2 (Figure
1) 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 removed,

quasi-differential inputs are selected.

SINGLE-ENUE
JUMPER LUGS
M ! ,—/ﬂ\——————g
o i °
T ADTREES —
1 WTURES By Thac
(81T 2w M e—2T3 1 7
- e e TR T e
S i 1 i il sl -
| ow A 1 ~ bert 47
! | U I
vV E i s e 8iT ~TAR S
A A — J il L VECTCR (EXTERMAL STRRT)
7 ) A SwTC
A BIT 11

1 [ [ [

|

Figure 1 ADV11-A Connectors and Switches
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Table 1 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

Registers

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

CSR ADDRESS FCRMAT
15 14 12 10 )9 08 07 06 05

[TT T T“TIII

STANDARD ADDRESS ] l i | I |
CONFIGURATION OFF ocr( £ or\ m OFF OF ¢ OFF OFF OFF

o H HHL]

04 03 02 01 00

CSH ADDRESS

SWITCH 152 4 5 678

Figure 2 CSR Switch-Selectable Address

15 14 13 12 11 10 09 08 o7 06 (o) 04 02 02 01 on
[ I o |
MSE LsB i [ |
| I | [
T T T T T [ T | !
! - S N— SR i ' | i : |
ADDRESS DONE EX | OMAINT AL
ERe NoT usEo xlEJZD /C\SFZ‘T ? INT ENA START '\ | START
| ENA 1 |
CRR AD CLK 10 NOT USEL
INT ENA DONE START ENA

ENA

Figure 3 CSR Bit Format
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Table 2 CSR Bit Functions

Bit

Description

15

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 conversion before
the end of the current conversion.

Error Interrupt Enable (Read/Write) - When set, enables a
program interrupt upon an error condition (A/D Error). Inter-
rupt is generated whenever bits 14 and 15 are set, regard-
less of which was set first.

Not used.

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

A/D Done (Read) - Set at the completion of a conversion
when the data buffer is updated. Cleared when the data buf-
fer is read and 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, enables a
program interrupt at the completion of a conversion (A/D
Done). Interrupt is generated when bit 7 and bit 6 are both
set, regardless of sequence.

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

External Start Enable (Read/Write) - When set, enables con-
versions to be initiated by an external signal or through a
Schmitt trigger from the clock option.

ID Enable (Read/Write) — When set, causes bit 12 of the
data buffer register to be loaded to a 1 at the end of any
conversion.
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Table 2 CSR Bit Functions (Cont)

Bit Description

2 Maintenance (Read/Write) — Loads, when set, 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 Os and all 1s = tests of A/D
conversion logic.

1 Not used.

0 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 4 and described in Table 3.

—
M

EEN

VERNIER D/A (WRITE)

15 14 13 12 1 9 08 or 06 05 04 c3 o2 o1 00
T T 1 l
L HEEEEEREEER
N MSB _ . - ,)_‘A<v,,f§j
‘Igv CONVERTED DATA (READ!
Figure 4 DBR Bit Format
Table 3 DBR Bit Functions
Bit Function
Read Only
16-13 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 a 1 at the end of conversion.
11-0 Converted Data - These bits contain the results of the last

A/D conversion.
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Table 3 DBR Bit Functions (Cont)

Bit Function

Write Only

15-8 Not used.

7-0 Vernier D/A - These bits provide a programmed offset to the

converted value (scaled 1 D/A LSB = 1/50 A/D LSB). The
hardware initializes this value to 200g (mid-range). Values
greater than 2005 make the input voltage appear more posi-
tive.

Vector Interrupt

The A/D conversion complete interrupt vector is set by dip switch S1
(Figure 1). Any address in the range of 000 to 777 can be selected by
the user. The switch is factory-configured for 400, the recommended
vector, as shown in Figure 5. The error interrupt vector will be four words
higher than the A/D conversion complete interrupt vector.

15 1110 09 08 07 06 05 04 03 02 01 00
[HlleﬂlllHOl‘)l"l‘)J
STANDARD VECTOR
CONFIGURATION JN OFF OFF OFF OFF OFF
(400) i l l l l
VECTOR
SWITCH | 1 2 3 4 5 € 7 8

sh

Figure & Interrupt Vector

Mode Control

The ADV11-A is equipped with the jumper lugs (Figure 1) 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 alter-
native is provided to permit convenient external mode selection in instal-
lations that require frequent alteration between one mode and the other.

Analog Input Interfacing
Single-Ended Mode - Single-ended analog input signals for the
ADV11-A may be of two types, grounded and floating. A grounded input
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is one whose level is referenced to the ground of the instrument that is
producing it, as illustrated in Figure 6. Since the instrument may be
located at a distance from the computer, there may be some voltage
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 signal 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.

—— A
+

9
|
|
| sieac ] _
| 1 prd
- : f"i—‘— MUX vafw '
| |
|
|
|
J

GROUND

Lo
| o

.71*_._*0 ADVH1-A
| o
| o
L o

USETR‘S B I

GROUND L ———————— —j-—

|
|
|
|
|
|
|
|
|

COMPJTER
GROUND

- 4166

Figure 6 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 7. The identi-
fying 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 7 Floating ADV11-A Input Signals

Quasi-Differential Mode - The “quasi” prefix in “quasi-differential” can
best be explained in the context of a preliminary review of true differen-
tial operation. A true differential input involves two signal lines con-
nected to a differential amplifier in such a way that the output of the
device is a function of the instantaneous difference between the voltages
on the two signal lines. One advantage of such a configuration is illus-
trated in Figure 8.

Figure 8a assumes a single-ended generating device that produces a
signal, Vg4 with respect to its ground and is situated sufficiently far from
the receiving device for a significant noise voltage, V, to be developed
in the power distribution ground lines. The result is that, at any given
instant, the differential amplifier in the receiving device sees both the
signal voltage and the noise voltage. Its output, Vg, is a function of Vg +
Vn and is in error with respect to Vg alone.
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GENERATING DEVICE RECEIVING DEVICE
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b TRUE 3iFFERENTIAL MODE (Vs = Vs + Vo~ V)

Figure 8 Single-Ended Versus True Differential Input Modes

Figure 8b 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 nega-
tive input of the receiving differential amplifier. Since the instantaneous
noise voltage is common to both the + and the - inputs, it is cancelled

out of the final amplifier output. V5 now provides a valid representation
of Vg alone.

Figure 9 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 sequen-
tial operation that first samples the voltage at one of the two inputs and
then, holding this value fixed, in effect subtracts from it the 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
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Figure 9 ADV11-A Quasi-Differential Mode

of the difference between the two input voltages, and common mode
voltages are cancelled out). But, since there is a significant time lapse
between taking the sample 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 com-
mon mode rejection ratio, while essentially infinite at dc, rolls off for ac
signals, and is about 40 dB at 60 Hz line frequency. In addition, since the
holding action of the sample-and-hold circuit is only in effect 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/ms. This is the slope 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 dif-
ferential mode from true differential operation. Hence the term ""quasi-
differential.”

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.
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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. !f the
inductive pickup voltages cf the two leads match, the net effect seen at
the ADV11-A input is zero. Use cof twisted pairs has no effect with a
single-ended non-floating signa! (referenced to ground at the instrument
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 developing 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, causing a transient error voltage that is dis-
charged by the input signal’'s source impedance. The ADV11-A shares
this characteristic, and also injects a small charge into the selected 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 logic allows a 9 us interval (identified as the transition interval)
during which conversions cannot start without generating error condi-
tions. Normally, this is sufficient time for the input transient to settle out.
However, more time may be needed when the multiplexer is switching
into an input channe! with high source impedance, particularly when
large amounts of shunt capacitance exist in the interconnecting cables.
Source impedance/cable shunt capacitance products greater than 1 us
should be avoided whenever conversions are to be made at maximum
rate with less than 1/2 LSB error. This means that cable shunt capaci-
tance for a 1000 € source should not exceed 1000 pF (103 X 109 =
10°%), that shunt capacitance for a 100 {l source should not exceed 0.01
uF (102 X 108 = 10¢), etc. Assuming twisted pair cable capacitance of
50 pF/foot, these constraints translate into a maximum run of 20 feet
from a 1000  source, 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 incorporating a software
delay between channel changes and program start commands.

Connections
Figure 1 illustrates the location of user connectors and switches on the
component side of the ADV11-A board.
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Analog input signals are input to the ADV11-A through the 40-pin con-
nector. Pin assignments for the connector are shown in Figurz 10. The
proper H856-t0-H8586 cable is the BCO8R: the proper H856 to prepared
open-ended cable is the BCO4Z.

—_—
[EEY S S I S
sinote enoer L —Cfo o ]2 ]
[—'—£"~~(7 o A rami
ANALOS GND H e
O—-- CH 07 oH
+a.5v - cH 06 CH s
cw 08 cH oy
BNALOS GNO & ce ca CHoy
+CH 07 CH
LCH 06 c
vn 05 cH s
LUK 04 CH O
03 CH x
02 CH X2
N0 on
H 00 oo
“TH 03 cH
S5y TEST - ecH 02 cH ot
+15v TEST ——h 33 T cho  +cH 01 o
WL o o™ thoo scko00 cH o0
SINGUE  JIFFERENTIAL H32Z
ENDED NOMENC_ATURE
BOARD SIDE

Figure 10 ADV11-A 40-Pin Connector Pin Assignments

Distribution Panel - Figure 11 shows a 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 strip con-
nections for user apparatus. Each H322 accommodates two ADV11-As
or one ADV11-A and one other single-connector device. The ADV11-A
is shipped with decal sets that specifically identify ADV11-A inputs and
outputs. 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 1 and 10), is a TTL-compatible input
that presents five unit loads (8.0 mA) to any driving output. Conversions
start on the high-to-low transitions of this signal.
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Hon

Figure 11 K322 Distribution Panel

P

M 0599

Figure 12 Module Jumpers

In most cases, the external start signal will be produced by a grounded
(non-floating) pulse 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 spurious
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
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devices that require buffering can be interfaced to the ADV11-A through
Schmitt trigger 1 of the KWV 11-A clock (STI). Connection is made by
means of a DEC 70-10771 type jumper (Figure 12) to TAB S (Figure 1)
of the ADV11-A.

Conversions that must be initiated in consequence of time intervals or on
every nth external event may be triggered from the KWV 11-A through a
DEC 70-10771 type jumper connected from the clock output tab (CLK)
to the ADV11-A clock overflow tab (C).

PROGRAMMING

The following programming example reads 100g A/D conversions from
channel O into locations 4000g-41765 and halts.

START: CLR AADSPR gyCLEAR A/D STATULS REGISTER
MoV #4000,R0 3SE1 UP FIRST ADDFRESS
INC BADSK § START A/D CONVERSTON
LonPe TSTR AADSF 1 CHECK DONE FLAG
BPL Loop $~AIT UNTIL FLAG SET
INve @ADSPR 1 START NVEXT CONVEFSION#
Mav QACBR, (RO) sPLACE CONVERTECL VALUE

gFROM /D RUFFEK I*TO MEMORY
s LOCATION AND SET UP NEXT
s LNCATION FNAR TRAMSFERS

cvp R0O,84200 yJCHECK IF 100 COMVERSIONS
JHAVE BEFE® DNME
BNE Loop 120, GET NEXT CONVERSION
HALT s DNNE
ADSR® 170400 gA/D STATUS REGISTER RADDPFSS
ADBR! 110402 tA/D BUFFER REGISTER AUCRESS
LEND START

*Starting a subsequent conversion before moving data from a previous con-
version is recommended only with systems equipped with non-processor mem-
ory 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 potential of the
ADV11-A.

FUNCTIONAL 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 legic, A/D converter, and bus interface func-
tions as shown in Figure 13.
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Channel! Selection

Channel selection is accompiished under prcgram control by two 8-
channel multiplexers and is a function of the data asserted in »its 8
through 11 of the control/status register (CSR}. Each of the 16 znalog
input channeis is routed to the single cutput 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 1early
infinite resistance (1 Gl or more) to one of very low resistance {1000
or less). Since in the selected state the transistor conducts current within
the £5.12 V limits equally well in both directions, it now functions as a
closed switch, effectively routing to the output line whatever analog sig-
nal is connected to its input.

A/D Conversion

A/D conversions can be initiated in three ways: under program control,
on overflow from the KWV 11-A real-time clock, or on external input.
When a conversion is completed or the contro! 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 cir-
cuit merely follows the signal transmitted to it through the selected mul-
tiplexer 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 sampled 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 mea-
surement, 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 immediately, without waiting for
the transition interval to be completed. Bit 15 of the CSR (A/Error) is set,
however, and an interrupt is generated if bit 14 (error interrupt enable) is
set — alerting the program that conversions are occurring too fast and are
consequently liable to be in error.

Under normal conditions, it is not until the transition interval is complete
that the measurement process is begun. The successive approximation
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-to-analog con-
verter to generate an output equivalent to that produced by the hold
circuits in response to a sample voltage of 0. The digital-to-analog con-
verter output is summed with that produced by the hold circuits and with
that coming from the grounded multiplexer output (single-ended mode)
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or from the second differential input (quasi-differential mode). If the cur-
rent 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 s positive, the first approximation was too high and the SAR
changes the state of bit 11 before cycling into the second approx-
imation. This process continues until ail 12 bits in the word have been
set, tested, and if necessary, changed. The 13th state (end of conversion,
or EQC) 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 processor. EOC causes the sample-
and-hold circuits to return to the sample mode and to reset the SAR,
preventing further SAR activity untii the occurrence of the next hold
condition.

Note that because the reference point against which the sample voltage
is compared is at the output of the multiplexer itself rather than internal
to the sample-and-hold circuits, ali offset voltages generated by the
intervening circuits are cornmon to both sample-and-hold conditions and
are therefore canceiled out of any measurement. In single-ended mode,
grounding the multiplexer output (and thereby establishing this refer-
ence point) is identified as auto-zeroing the converter.

Bus Interface

In addition to stopping the SAR clock and reestablishing 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 de-
vice, the data buffer register (DBR), where it will remain until the proces-
sor can be notified to read the conversion data for processing. In the
meantime, the channel selection and A/D conversion circuits can begin
the next measurement as dictated by control/status register (CSR) bit
conditions controlled by the processor.

Included in the ADV11-A interface is an extension of the DBR designed
to accept 8-bit write information from the bus data/address lines. This
buffer permits programmed setting of the vernier DAC. Also included are
transceivers that connect the bidirectional bus data lines to the LSI-11
bus data/address lines. Associated with these transceivers are switches

that permit assigning device and vector addresses 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
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memories, and timing circuits designed tc ensure that multiplexer chan-
nels are properly selected, sample duraticns are of adequate iength, con-
versions are not initiated during uncompleted previous conversions, etc.
In general, this logic precludes the need for the user to attend to any but
the most elementary details of the conversion process, e.g., making nec-
essary connections to the system and writing control programs that
make appropriate use of the CSR.
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BDV1i GIAGNOSTIC, BOCTSTRAP, TERMINATOR

GENERAL

The BDV11 moduie has ZK words of read-only memory (ROM) that
contains both diagnostic programs and bootstrap programs. These pro-
grams are user-selectable by setting dip switches. The diagnostic pro-
grams 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 circuits.

Space is available on the module to allow the user to add up to 2K
words of erasable programmable ROM (EPROM) and up to 16K words
of read-only memory (ROM)

A HALT/ENABLE switch allows the user to start and stop the processor
and a RESTART switch enables the user to reboot the system. The mod-
ule 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 ac-
cess

NOTE
There are two versions of the BDV11 module:
revisions O and A The revision O module was
produced in limited quantities and does not in-
corporate all the characteristics of the revision
A. The differences between these modules are
listed at the end of this section.

FEATURES

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

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

Capable of boooting a system automatically with no operator inter-
vention

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

* 12-bit readable configuration register

* 16-bit read/write maintenance register

* 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
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SPECIFICATIONS

Identification M8012
Type Quad
Power +5Vdc & 5%at 1.6 A
+12Vdc £ 3%at007 A
Bus Loads
AC 2
DC 1

CONFIGURATION

General

The BDV11 is factory-configured (Group A in Table 2) by DIGITAL to
aillow the user the capability of expanding the diagnostic and bootstrap
programs by adding 2K of EPROM and 16K of ROM/EPROM memory.
The user is allowed to modify the configuration to allow the use of his
own software requirements. There are 13 jumper wires located on the
module as shown in Figure 1. Eight are used for selecting sockets and
five are used to accommodate various types of memory chips used. The
jumper wires are identified in Table 1. The switches used to select pro-
grams are listed in the section entitled “"Programming.”

Socket Selection

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

Table 1 Selectable Jumpers

Jumper Function

Wi1 Socket selection
W2 Socket selection
W3 Socket selection
W4 Socket selection
W5 Chip selection
W6 Chip selection
w7 Chip selection
w8 Chip selection
w9 Socket selection
W10 Socket selection
W11 Socket selection
W12 Socket selection
W13 Chip selection
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Table 2 Memory Configuration

High Byte Low Byte Configuration @ ROM PCR Selection
Socket Socket Designation Address Page Signal

4K DIAGNOSTIC/BOOTSTRAP (DIGITAL)

vS-¢C

E53 E48 A 0-2K 0-17 SB1L
(2) (1) B 4K-6K 40-57 SB1L
C 16K-18K 200-217 SB1L
D 20K-22K 240-257 SB1L
E58 E44 A 2K-14K 20-37 SB2 L
(4) (3) B 6K-8K 60-77 SB2 L
C 18K-20K 220-237 SB2 L
D 22K-24K 260-277 SB2 L
2K USER EPROM
E57 E40 A 4K-5K 40-47 SE1L
(3) (1) B 0-1K 0-7 SE1L
C 20K-21K 240-247 SE1L
D 16K-17K 200-207 SE1L
E52 E36 A 5K-6K 50-57 SE2 L
(4) (2) B 1K-2K 10-17 SE2 L
C 21K-22K 250-257 SE2 L
D 17K-18K 210-217 SE2 L
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Table 2 Memory Configuration (Cont)

High Byte Low Byte Configuration ROM PCR Selection
Socket Socket Designation Address Page Signal
16K USER ROM
E54 E49 A 16K-18K 200-217 SP8 L
(2) (1) E 16K-17K 200-207 SP8 L
F 0-2K 0-17 SP8 L
G 0-1K 0-7 SP8 L
E59 E45 A 18K-20K 220-237 SP7 L
(4) (3) E 18K-19K 220-227 SPP7 L
F 2K-4K 20-37 SP7 L
G 2K-3K 20-27 SP7 L
E6O E41 A 20K-22K 240-257 SP6 L
(6) (5) E 18K-19K 240-247 SP6 L
F 4K-6K 40-57 SP6 L
G 4K-5K 40-47 SP6 L
E55 E37 A 22K-24K 260-277 SP5L
(8) (7) E 22K-23K 260-267 SP5 L
F 6K-8K 60-77 SP5 L
G 6K-7K 60-67 SP5 L
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Table 2 Memory Configuration (Cont)

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 SP4 L
(10} (9) E 17K-18K 210-217 SP4 L
F 8K-10K 100-117 SP4 L
G 1K-2K 10-17 SP4 L
E47 E42 A 26K-28K 320-337 SP3L
(12) (11) E 19K-20K 230-237 SP3 L
F 10K-12K 120-137 SP3L
G 3K-4K 30-37 SP3 L
E43 E46 A 28K-30K 340-357 SP2 L
(14) (13) E 21K-22K 250-257 SP2 L
F 12K-14K 140-157 SP2 L
G 5K-6K 50-57 SP2 L
E39 E50 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
NOTE

The parenthetical numbers in the socket col-
umns indicate the order in which each ROM is

to be installed.
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Memory Configuration

The user can change the configuration of the BDV11 memory structure
by using socket selection jumpers W1-W4 and W9-W12; the standard
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 are shown as alternate ways the user can map the ROM
memory. The details of how to select a configuration using the socket
selection jumpers are shown below.

Configuration Socket Selection Jumpers*
Designation W1 W2 w3 W4 W9 W10 W11 w12
A R | | R | R R |

B X X X X | R | R

C X X X X R | R |

D X X X X R | | R

E | R | R X X X X

F R | R | X X X X

G | R R | X X X X

*I = Installed, R = Removed, X = Don't care.

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. The jumper con-
figuration is detailed in Table 3, which also designates the type of ROM
or PROM that is used with these configurations.

Control Registers

The BDV11 module has five hardware registers which are software ad-
dressable. 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.

Page Control Register (PCR) ~ This register is word- or byte-address-
able and can be read or written. The PCR is a 16-bit register that con-
sists 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 access 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.
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Table 3 Chip Selection Jumpers

Jumpers Inserted’
ROM Type W5 W6 W7 w8 W13

27082 R | R | R
27163 R R | R |
8316E* | R | R R
8316E> R R | R |
NOTES
1. 1 = inserted; R = removed
2. CB2 and DB2 must be supplied with external

-5V power.
3. Use only +5 Vdc type components.
4. Chip select signals must be programmed as

follows:
CS1 Cs2 Cs3
LOW  LOW LOW
5. Chip select signals must be programmed as
follows:
CS1 CS2 CS3
LOW LOW HIGH

Table 4 Standard Assignments

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

* Dual-purpose register.

Table 5 relates the PCR contents to the PCR page for pages 0-17. As an
example, 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 only needs to 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.
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Read/Write Register — This register is used as a maintenance register
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 register is read-only and is used
for maintenance and system configuration by selecting diagnostics or
bootstrap programs for execution. 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 allows 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 activating the RESTART switch.

Table 5 PCR Contents/Page Relationship, Pages 0-17

PCR High Byte PCR Low Byte

PCR Page PCR Contents (Bits 15-8) (Bits 7-0)
0
1 000400 001 000
g 001402 003 002
4
5 002404 005 004
6 ~
7 003406 007 006
}? 004410 011 010
12 005412 013 012
13
14
15 006414 015 014
16
17 007416 017 016
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Table 6 PCR Contents, 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
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 1560720
202,203 101602 322,323 151722
204, 205 102604 324,325 152724
206. 207 103606 326,327 153726
210,211 104610 330, 331 154730
212,213 105612 332,333 155732
214,215 106614 334,335 156734
216,217 107616 336, 337 1567736
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
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BEVNT Register - This single-bit register clamps the BEVNT signal low
when the BEVNT switch is closed. This action permits program control
of the processor line-time clock (LTC) function. The register is cleared
when the power is turned on or when the RESTART switch is activated.

PROGRAMMING

General

The BDV11 contains dip switches that permit the user to select diagnos-
tic and bootstrap programs for execution. These are monitored by the
four LEDs that indicate when a program fails. A green LED monitors the
+12 Vdc and +5 Vdc and is illuminated when power is ON. There is
also a HALT/ENABLE switch and a RESTART switch for the user to start
and stop the processor. The switches and LEDs are shown in Figure 2.

HALT .. ENABLE

32 g ] s [ s
D D D :::;’LE RESTART
D1 D2 5306 04
swircn | [SVITCH
OFF  ON
1
__2
3
4
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__ 7
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1
I
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/ ;
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21 e1s | CONNECTOR A
(DIAGNOSTIC/BOOTSTRAP IDIAGNOSTIC/BOOTSTRAP

SWITCHES. BEVNT SWITCH) SWITCHES)

Ord = TPoey (ot o

e 1380

Figure 2 BDV11 Switches and Indicators
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Diagnostic/Bootstrap Switches

Dip switch units E15 and E21 allow the user to select diagnostic pro-
grams and/or a bootstrap program. The switches are designated as
A1-A8, representing switches 1-8 of E15, and B1-B4, representing
switches 1-4 of E21. The programs selected by these switches are listed

below. These 12 switches comprise the configuration register that can
be read at address 177524.

Switches A1-A4 are defined as follows.

A1 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 dialog (A3 OFF).

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

DECnet boot arguments are:

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

All boots other than the above DECnet boots are controlled by the bit
patterns in switches Ab 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 O 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 character mnemonics
are:

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

*DLV11-ECSR = 175610; DLV11-F CSR = 176500;DUV11 CSR = 160040
if no devices from 160010 to 160036.
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Table 7 Diagnostic/Bootstrap Switch Selection

Program

Mnemonic A5 A6 A7 A8 B1 Selected’

0 0 0 0 0 Unused

0 (o] 0 0 1 Loop on test
DKnn<8 0 0 0 1 0 RKV11 Boot

0 0] 0 1 1 Unused
DLnn <4 0 0 1 0 0 RLV11 Boot

0 0 1 0 1 Unused

0 0 1 1 0 Unused

0 0 1 1 1 Unused
DXnn<2 0 1 0 0 0 RXV11 Boot

0 1 0 0 1 Unused

0 1 0 1 0 Unused

0 1 0 1 1 Unused
DYnn<2 0 1 1 0 0 RXV21 Boot

0 1 1 0 1 Unused

0 1 1 1 0 Unused

0 1 1 1 1 Unused

1 0 0 0 0 ROM Boot?

1 0 0 0 1 Unused

1 (6] 0 1 0 Unused

1 0 0 1 1 Unused

1 0 1 0 0 Unused

1 0 1 0 1 Unused

1 0 1 1 0 Unused

1 0 1 1 1 Unused

1 1 0 0 0 Unused

1 1 0 0 1 Unused

1 1 0 1 0 Unused

1 1 0 1 1 Unused

1 1 1 0 0 Unused

1 1 1 0 1 Unused

1 1 1 1 0 Unused

1 1 1 1 1 Unused

NOTES
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 follows:

B2 B3 B4 ROM

1 X X Extended diagnostic
0] 1 X 2708
0 0 1 Program ROM

where X = don’t care.
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If an unrecognized mnemonic or switch setting (A5 through B1) is en-
countered, the presence of additional ROM is checked (by checking B2,
3. 4) and, if present, the ROM boot is invoked. The mnemonic’s first
character is placed in the high byte of location 2. Both characters are
converted to upper-case with bit 7 cleared. Location O is loaded with the
binary unit number. If an unrecognized switch setting is encountered
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 allow the user to implement additional features or
boots in additional ROMs without change 1o the base ROMs. If the addi-
tional ROM encounters an unrecognized mnemonic, it should load ad-
dress 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 responds to console
ODT commands and the operator can troubleshoot the error. Table 9
lists the possible address and the cause of some errors.

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 regis-
ter in the logic (address 1775486, bit 6) clamps BEVNT L low when the
register is cleared. (The register is automatically cleared when the power
is turned on or when the RESTART switch is cycled.)

Power OK LED

This green LED is lighted 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 voit-
age.)

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

When this switch is in the ENABLE position, the processor can operate
under 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 instruc-
tions, facilitating maintenance of the system. Program control is re-
established by returning the switch to the ENABLE position and entering
a "P”’ command at the console terminal (providing the contents of regis-
ter R7 were not changed). Refer to the appropriate processor handbook
for a description of console ODT command usage.

Table 8 Diagnostic LED Error Display (D1-D4)*

D4 D3 D2 D1 Comments*

Bit3 Bit2 Bit 1 Bit0 (Type of Error)

On On On On System hung; halt switch on or
power-up mode wrong.

Off Off Off On CPU, fault, or configuration error.

Off Off On Off Memory error; R1 points to bad lo-
cation.

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
O not a NOP).

Off On On On DECnet waiting for response from
host.

On Off Off Off DECnet; received done flag set.
On Off Off On DECnet; message received.

On Off On Off ROM bootstrap error.

*The light combination indicates the corresponding test is in progress or failed.
Some tests retry (DECnet) and others will halt the CPU (CPU, memory, non-
DECnet boots).
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Table 9 List of Error Halts

Address

of Error Cause of Error

173022 Memory error 1. Write address into itself.

173 040 SLU switch selection incorrect. Error in switches.

173 046 SLU error. SCR address for selected device. Check CSR
for selected device in floating CSR address area.

173 050 CP1 error. RO contains address of error.
173052 Memory error 2. Data test failed.

173 106 Memory error 3. Write and read bytes failed.
173 202 ROM loader error. Checksum on data block.
173 240 CP4 error. RO contains address of error.

173 366 ROM loader error. Checksum on address block.
173402 ROM loader error. Jump address is odd.
173532 RL device error.

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

173 642 In console terminal test a “'no’’ typed.

173 656 RK device error.

173 656 Switch mode halt. Match was not made with switches.
173670 Console terminal test. No done flag.

173706 CPU error 2. RO points to cause of error.
173712 RX device error.
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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 sequence.
Thus, the system can be rebooted at any time for maintenance purposes.

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.

The BDV11 logic enables all 2048 locations in a selected 2K ROM (or
1024 locations in a 1K ROM) to be addressed by just these 256 bus
addresses. The logic includes a page control register (PCR) at bus ad-
dress 177520; the contents of this read/write register determine the
specific ROM location that is accessed when 1 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
selected ROM (16 pages X 128 words = 2048 words). To illustrate, if
the PCR contents represent pages O and 1, bus addresses
173000-173776 access ROM locations 0000-0377; if the PCR con-
tents represent pages 10 and 11, bus addresses 173000-173776
access ROM locations 2000-2377. Table 10 relates bus addresses,
PCR pages, and ROM locations.

At the top of each column of PCR pages in Table 10 appear two circuit
component designations; column 1, for example, is headed by E53/E48.
These designations represent the ROMs and EPROMs that one might
find on a BDV11 module. For instance, the BDV11 is supplied with 2K
words of diagnostic ROM. The ROM inserted in socket XE53 supplies
the high byte (bits 8-15) of these 2K words, while the ROM inserted in
socket XE48 supplies the low byte (bits 0-7). To access 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 in the PCR,
diagnostic ROM locations 2400-2777 can be addressed by the LSI-11
BDAL signals. Another variation of the BDV11 could have 1K-word
EPROMs inserted in sockets XE57-XE40 (E57 supplies the high byte,
while E40 supplies the low byte). To access 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 Addresses/PCR Pages

PCR Pages

ROM

E53/ E568/ E57/ E52/ E54/ E59/ E60/ E65/ E51/ E47/ E43/ E39/ Location
Bus Address E48 E44 E40 E36 E49 E45 E41 E37 E38 E42 E46 E50 Accessed
173000-173376 O 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
173000-173376 10 30 210 230 250 270 310 330 350 370 2000-2177
173400-173777 1M 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 indicated in Table 11, e.g., the diagnostic/bootstrap ROM can
occupy only sockets XE63 and XE48. Thus, a specific ROM can be ad-
dressed only when the PCR contains the page or pages assigned to the
socket that the ROM occupies. To illustrate, if 2K ROMs are inserted in
sockets E39 and E50, they can be addressed only when the PCR con-
tains 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 in-
serted selectively to achieve these assignments. It is possible to change
the factory arrangement of these jumpers; by doing so, the user can
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 diagnos-
tic ROMs.

Table 11 Functions of ROM Sockets

Sockets ROM Function Sockets ROM Function

XE53/XE48 2K Diagnostic/Bootstrap XE47/XE42 2K System ROM

XE58/XE44 2K Diagnotic/Bootstrap XE51/XE38 2K System ROM
(reserved for DIGITAL)

XE57/XE40 1K EPROM XE55/XE37 2K System ROM
XE52/XE36 1K EPROM XE60/XE41 2K System ROM
XE39/XE50 2K System ROM XEB9/XE45 2K System ROM
XE43/XE46 2K System ROM XE54/XE49 2K System ROM

Loading ROM into RAM

A utility is provided in the BDV11 firmware which will load user pro-
grams from ROM to RAM at specified (and possibly scattered) addresses
and transfer contro!l to a specified address. This feature allows a pro-
grammer to write a program (to be stored in ROM) without knowledge of
the BDV11 mapping hardware or the necessity to "ROMize” the pro-
gram. This utility will load either the DIGITAL-reserved space, the 2K
EPROM, or the 16K ROM/EPROM areas. This utility uses the four high-
est words of RAM (<30K) as scratch space.

2-69



BDV11

The format used is a modified version of absolute loader paper tape
format. The standard format consists of sequential data blocks, byte or-
ganized, as follows:

1 BYTE This indicates start of block.

0 BYTE Required

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

CKB Checksum byte.

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

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

An RT11 FORTRAN program follows which will generate ROM patterns
from RT11 LDA files of paper tape programs. This program generates a
data base only since blasting hardware is very installation specific. It
should be noted that the RT11 linker generates relatively short data
blocks and that this leads to significant waste due to the overhead in
each block. A user may customize the pattern generation program or
linker to reduce this probiem.

The ROMs should be inserted as indicated in 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.
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FORTRAN IV V02,04

0001 FROGRAM RFATZ

THIS FROGRAM CONVERTS ABSOLUTE LOADER IMAGE FILES (.LDA)
INTO THE REQUIRED NUMEER OF SEQUENTIAL ROM FATTERNS

FOR USE WITH THE BIOV11-AA‘S ROM LOADER.

TO USE THIS FROGRAM CREATE A .LDA FILE EITHER WITH THE
RT11 LINKER OR FIF FROM A FAFER TAFE.

LIST THE DIRECTORY TO GET THE NUMRER OF BLOCKS IN THE
INFUT FILE THEN RUN THIS FROGRAM.

THIS FROGRAM WILL REQUEST THE NAME OF THE INFUT FILE
AND ITS LENGTH. THEN IT WILL REQUEST A SERIES OF
OUTFUT FILE NAMESs ONE FOR EACH ROM REQUIRED.

THE FROGRAM FROCESSES THE INFUT FILE ONE BYTE AT A TIME
RECORINING THE EBYTES IN THE OUTFUT FILE. EVERY 255 TH
BYTE OF THE OUTFUT FILE IS SET 0 AND EVERY 286 TH EBYTE
CONTAINS A CHECKSUM OF THE FREVIOUS 255 LOCATIONS.

NO INFUT RYTES ARE RECORDED IN THE 255 TH OR 256 TH EYTE.
THESE LOCATIONS ARE USED BY DEC SUFFLIED DIAGNOSTICS

AND' ARE SKIFFED BY THE EBDV11’S ROM LOALDER.

THE OUTFUT OF THIS FROGRAM CONSISTS OF ONE SEQUENTIAL
FORMATTED FILE FER ROM FATTERN, EACH FILE CONSISTS OF
SEQUENTIAL RYTES OF THE ROM WRITTEN IN 06 FORMAT» ONE
RYTE FPER RECORD (LINE).

0OoOCO000000O00000O00000000000

0002 COMMON /DAT/IEs JENDy ILONGy INBLKs IBLKyIAC256) »IENyILy
c ISUM» IROM(2048) » IRNyKMARK,» I255
0003 LOGICALX1 L(2),LACS12)
0004 EQUIVALENCE (L(1)»IL)s(LACL)sTACL))
0005 DATA KMARK/*52525/
0006 IRN=0 ! INDEX VARIARLE FOR ROM ARRAY
0007 I1255=0 ! MOD 256 COUNTER
0008 18UM=0 { CHECKSUM OF ROM RYTES
0009 IEN=525 | CURRENT BYTE IN INFUT (INITIALIZED TO »512)
(o} TO FORCE READING OF THE FIRST INFUT ELOCK
0010 INEBLK=0 ! NUMBER OF BLOCKS IN INFUT FILE
0011 ILONG=0 ! LENGTH OF ROM
0012 IEND=0 I FLAG THAT INDICATES LAST FRAME BEING FROCESSED
0013 IRLK=0 ! INDEX VARIABLE», CURRENT BLOCK OF INFUT FILE
0014 IE=0 ! THE CURRENT RYTE REING FROCESSED
C IROM(2048) IS AN ARRAY USED TO STORE THE ROM IMAGE
C LA(S12) IS A LOGICALX1 ARRAY HOLDING IMAGE OF INFUT FILE ELOCK
C LA(S12) EQUIVALENCED TO IA(256) FOR I/0
c L(1) AND [L EQUIVALENCED FOR WORD/ERYTE CONVERSIONS
[
0015 WRITE(S»S)
0016 S FORMAT(1H » ‘FROGRAM RFATZ VERSION 2.1 RT11’)
0017 WRITE(S,10)
0018 10 FORMAT(1H »’ENTER LENGTH OF ROM “+$)
0019 READ(S,15) ILONG
0020 195 FORMAT (IS)
0021 WRITE(S,20)
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0022 20 FORMAT (1H » “ENTER INFUT FILE SFEC ’s$%)
0023 CALL ASSIGN(11, DUM’ =1y 0LL’y NC’r1)
0024 WRITE(S,25)
0025 25 FORMAT(1H »/ENTER LENGTH OF FILE IN ELOCKS ‘r$)
0026 READ(S,15) INBLK
0027 DEFINE FILE 11(INELK256sUs IWHERE)
c
C START FATTERN FROCESSING
c GET THE FIRST BYTE OF THE AES LOADER FRAME
c
0028 100  CALL NEXTE
C IF IT ISN‘T A 1 WE HAVEN'T FOUND THE BEGINNING YET
0029 IF(IE.NE.1)GO TO 100
0031 CALL OUTE
0032 CALL NEXTE
0033 IF(IE.NE.O)STOF “INFUT FORMAT ERROR’
0035 CALL OUTE
c GET THE EYTE COUNT AND MAKE INTO A INTEGER
0036 CALL NEXTE
0037 L(1)=IE
0038 CALL OUTE
0039 CALL NEXTE
0040 CALL OUTE
0041 L(2)=IK
0042 INUM=IL
C IF THE LENGTH 1S 6» THIS IS A STARTING ADDRESS KLOCK
c WHICH IS THE LAST ONE TO FROCESS
0043 IF (INUM.EQ.6) IENDI=1
c COMPUTE THE NUMEER OF KYTES LEFT IN THIS FRAME
C = NUMEER OF EYTES IN FRAME - THE NUMEER ALREADY FROCESSED(4)
C FLUS THE CHECK EYTE, THEN FROCESS THE REMAINING EYTES OF THE
C FRAME.
0045 INUM=INUM-3
0046 [0 120 J=15INUM
0047 CALL NEXTE
0048 CALL OUTE
0049 120  CONTINUE
C IF IT WASN’T THE LAST FRAME 00 THE NEXT ONE
0050 IF(IENDLEQ.0)GO TO 100
C IEND=2 TELLS THE OUTFUT ROUTINE TO FINISH UF
0052 IEND=2
[ SET KYTE TO ZERO AND OUTFUT TO ENI' OF ROM
c THE OUTFUT ROUTINE WILL TERMINATE THE FROGRAM
0053 200  IE=0
0054 CALL OUTE
0055 GO TO 200
0056 1000 STOF
0057 END
FORTRAN IV V02,04
0001 SUEROUTINE NEXTE
C THIS ROUTINE GETS SEQUENTIAL EYTES FROM THE INFUT FILE
0002 COMMON /DAT/IE,IEND, ILONGs INELK, IBLK, TA(256) 5 1EN, 1L
C ISUMs IROM(2048) » TRN s KMARK» 1255
0003 LOGICALX1 L(2)sLA(S12)
0004 EQUIVALENCE (L(1)sIL)y(LATL)sTA 1))
c IF IEN IS S12 OR GREATER READ A NEUW ELOCK
0005 IFCIENLLT.S12)60 TO 200
0007 100  IBLK=IBLK+1
0008 TFCIBLK.GT.INELK)STOF ‘NUMEER O+ BLOCKS EXCEELEL’
0010 REAL(117IBLK)IA
0011 TEN=0
0012 200  IEN=IEN+1
0013 IE=LACLEN) . ANDN 255
0014 RETURN
0015 END
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Executing ROMs in the 1/0 Page

ROMs may be executed in the 1/0 page provided their starting address is
between 173016 and 173376. The next page lists a program which
executes in the I/0 page. It uses the ROM loader but only supplies 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 upper window and
then manage all remapping.

A RT11 FORTRAN program follows (RPAT1B) which will convert save
image (SAV) files linked at 173000 and generate correct ROM patterns.
This program inserts checking information every 255th and 256th ROM
location as did the previous program.

One assembly is required for every 256 words of ROM and they must be
input in order of ascending page number (two 128-word pages at a
time).

FORTRAN IV V02,04
0001 SUBROUTINE OUTE
C THIS ROUTINE WRITES SEQUENTIAL EBYTES TO THE OUTFUT FILE
C ANDI ADDS CHECKING INFORMATION EVERY 255’'TH AND' 256°TH
C LOCATION, THIS INFORMATION IS SKIFFED RY THE ERDV11-AA
C ROM LOADER BUT USED RBY DEC SUFFLIED DIAGNOSTICS TO INSURE
C THAT THE ROMS ARE GOODL ANI' IN THE CORRECT SOCKETS.
000u COMMON /DAT/IEy IENDy ILONGy INBRLKy IELKyIA(256) » IENy IL»
C ISUM» IROM(2048:» IRNsKMARK» I255
0003 LOGICALX1 L(2)syLA(S512)
0004 EQUIVALENCE (LCL)sTL)» (LACL)»IACL1))
0005 1) IRN=IRN+1
0006 IB=IK.AND.255
0007 I259=1255+1
C IF THIS IS THE 255 TH ADD' 2 CHECK EYTES
0008 IF(I2S5.NE.255)G0 70 150
C SET NON ZERO NON -1 IN 2955’TH BYTE AND RESET MOD 256 COUNTER
0010 IROM (IRN)=KMARK.ANDI, 255
0011 1255=0
001z ISUM=(ISUM+KMARKN) . AND . 255
0013 IRN=IRN+1
C CALCULATE CHECKSUM FOR EIV11 DIAGNOSTIC
0014 ISUM=(~ISUM.AND.25%)
0015 IROM(IRN)=ISUM
0016 ISUM=0
C IF THIS IS THE ENI' OF A ROM WRITE FATYERN TO OUTFUT FILE
0017 IF(IRNJEQ.ILONG)GO TO 200
C IF WE JUST ADDED CHECK INFO OUTFUT THE CURRENT RYTE
0019 GO TO 10
Cc FUT BYTE IN ARRAY AND ADD TO ISUM
0020 1450 IROM(IRN)=IE
0021 ISUM=(ISUM+IE) .AND.255
0022 RETURN

0023 200 WRITE(S5,201)
0024 201 FORMAT(1H » "ENTER OUTFUT FILE SFECIFICATION ‘s$)

0025 CALL ASSIGN(12y'IIUM’»-1y "NEW’»’'CC"s1)
0026 WRITE(12y220) (IROM(J) 9 J=15ILONG)
0027 200 FORMAT(1H »06)
0028 CALL CLOSE(12)
C RESET ROM IRN AND IF END OF INFUT STOF FROGRAM
0029 IRN=0
0030 IF(IEND.EQ.2)STOF
c OUTFUT THE CURRENT RYTE
0032 GO TO 10
0033 END
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0030 CALL CLOSE(10)

0031 IFILE=IFILE+1

0032 IFCIFILE.NE.INUM)GO TO 100
C

C THE FOLLOWING LOOF SETS EVERY 295 TH LOCATION =0
C AND INSERTS RYTE CHECKSUMS IN EVERY 256 TH LOCATION

0034 D0 125 J=1,8

0035 ISUM1=0

0036 IsuM2=0

0037 00 125,JU=1,256

(038 J1=(256%0)+JJ-256

0039 ITF(JJEQ.255) T (J1)=KMARK
0041 IL=I(J1)

0042 IF(JJ.EQ,256)60 70 122
0044 ISUML=C(ISUM1+L (1)), AND, 285
0045 ISUM2=(ISUM24L (2))  AND, 255
0046 GO TO 125

0047 122 ISUML=(-ISUM1) .ANL.255
0048 L(1)=ISUM1

0049 ISUM2=(-ISUM2) .AND. 235
0050 L(2)=1I5UM2

0081 ICdy=IL

0052 129 CONTINUE

0053 128 IRYTE=TRYTE+1

0054 IFC(IRYTELEQ.2)G0 1O 14D%

0056 WRITE(74130)

0057 130 FORMAT(1H » "ENTER LOW EYTE ODUTFUT SFECIFICATION “»$%)
0058 GO TO 140

0059 135 WRITE(7,136)

0060 136 FORMAT(1H » "ENTER HIGH RYTE QUTFUT SFECIFICATION “»$)
0061 140 CALL ASSIGN(11, DUM’»-1,/NEW’y CC’ 1)

0062 00 150 J=1,ILONG
0063 IL=IC0

0064 IOUTE=L(IRYTE)

0065 IOUTE=I0UTE.AND, 255
0066 WRITE(115141)I0UTR

0067 141 FORMAT(1H +06)
0068 150 CONTINUE

0069 CALL CLOSEC(11)

0070 IF(IBYTE.LT.2)GO 70 128
0072 END

FURTRAN IV V02.04

0001 FROGRAM RFAT1E

THIS FROGRAM ACCEFTS SAVE IMAGE FILES AND GENERATES
ROM FATTERNS SUITED FOR EXECUTION
ON A BIW11-AA.

THIS FROGRAM USES ONLY THE 124 TH BLOCK OF THE INFUT FILE
WHICH CONTAINS ADDRESSES 173000 TO 173776

THE FROGRAM USES A DIRECT IMAGE OF THE CODE BETWEEN 173000

AND 173776 AND INSERTS CHECKING INFO IN EVERY 255 TH AND 256 TH
LOCATION OF THE ROM FATTERN OVER-WRITING LOCATIONS 173774

AND 173776

EACH FAIR OF 2K X 8 ROMS CAN HOLL 8 ASSEMBLIES EACH LINKED
AT 173000 AND NOT MORE THAN 256 WORDS LONG. THE FILE NAMES
OF THE LINKED' ASSEMELIES MUST BE INFUTTED SEQUENTIALLY

EY FAGE NUMBER. (EG. FIRST FAGE 200/201 THEN 202/203 ECT.)
RERUN THE FROGRAM FOR EACH GROUF OF 8 ASSEMELIES.

THE FROGRAM WILL OUTFUT 2 FORMATTED SEQUENTIAL FILES, ONE
FOR THE LOW KYTE ROMs THEN ONE FOR THE HIGH EYTE ROM . EACH
OUTFUT FILE CONSISTS OF SEQUENTIAL EYTES OF EITHER THE LOW
OR BYTE ROM OR HIGH BYTE ROM. THE EYTES ARE WRITTEN IN 0é
FORMAT WITH ONE BYTE FER RECORD (LINE).
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0002 COMMON /ROMDAT/I(2048),I0(256)
0003 NIATA KMARK/*52525/
0004 LOGICALX1 L(2)
c L AND IL ARE USED 70 FICK OFF BYTES OF INTEGERS
000% EQUIVALENCE (L(1),IL)
0006 WRITE(7r1)
0007 1 FORMAT(1H , 'FROGRAM RT11 RFAT1 VERSION 2,07
0008 IBYTE=0 IFLAG SET 10 INDICATE LOW EYTE, THEN HIGH
0009 IFILE=0 IFLAG SET TO INDICATE FIKRST OF INUM FILES
0010 INUM=0 1ZERO THE NUMEER OF INFUT FILES
0011 00 $ J=1,2048
0012 I(4=0
0013 S CONTINUE
0014 WRITE(7+10)
0015 1¢ FORMAT(1H » 7ENTER LENGTH OF ROM “»s¢)
0016 READ(Sy11) ILONG
0017 11 FORMAT (I&)
0018 WRITE(7,18)
0019 14 FORMAT (1H » "ENTER NJUMBER OF INFUT FILES “s%)
0020 READ(Sy 115 INUM

0021 100 WRITE(7,101)
0022 101 FORMAT (1H » "ENTER INFUT FILE SFECIFICATION “,%)

0023 CALL ASSIGN(10, DM’ y~15 0LL"» CC s1)
0024 DEFINE FILE 10(124,256,U,1IV)

002% READC107124) 1D

0026 00 120 J=1,256

0027 J1=J4(256XIFILE)

0028 I(s1)=IDCD)

0029 120 CONTINUE

FUNCTIONAL DESCRIPTION

General

The functions of the BDV11 are shown in Figure 3. The transceiver and
control functions control the transfer of data between the bus and the
BDV11. The ROM address function decodes the address data from the
bus and uses the socket selection and ROM address functions to 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 transceiver functions. The data for
the read/write registers is also transferred in and out by using the trans-
ceiver 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 trans-
fer the address to the ROM address selection logic. The transceiver logic
is also used to transfer data from the DAL lines to the LSI-11 bus BDAL
lines. This data can be from either a register or ROM address when the
transceiver receives XMIT H. For the detailed operation of the trans-
ceiver logic (DCOO5 bidirectional buffer), refer to Chapter 5.
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Contro:

The contro! logic consists of « DCO04 protocol chip {Chapter 5) and an
82523 PROM. The control logic is enabled by the address match signal
from the transceiver logic. The PROM monitors some of the DAL lines
and the address match signal and generates an enable signal for the
DCO04 chip whenever any of the assigned bus addresses (173000 to
173777) is placed on the BDAL lines. The DCO04 chip generates all the
protocol signals used with the LSI-11 bus to permit data transfers. The
control logic also generates the control signals for the read/write regis-
ter'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 regis-
ters. When the registers are to be written into, the XMIT signal is ne-
gated and the registers are placed into a load condition. The registers 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 PCK register
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 a
one and selects the low byte when bit 8 is a zero. The selected byte is
shifted to the right one bit and used as the high byte of the BDV11 ad-
dress. The low byte of the LLSI-11 bus address is shifted one bit to the
right and used as the low bvte of the BDV11 address. The complete
BDV11 ROM address is formatted by using the 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 4) consists of two decoders
(E30 and E35) that provide the outputs used to select the high byte and
iow byte sockets. The A10 H to A14 H inputs to these decoders are
programmable by the user seiecting jumper wires W1-W4 and
W9-W12 to determine the configuration designation described in Table
2. The SB1 L and SB2 L outputs are used to select the 4K of diagnos-
tic/bootstrap DIGITAL programs. The SE1 L and SE2 L outputs are used
to select the 2K of user PROM. The SP1 L to SP8 L outputs are used to
select the additional 16K of user ROM.
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ROM Address

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

Data Selector

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

Display

The display logic consists of four flip-flops and four LEDs. The contents
of the display register (address 177524) are gated into the flip-flops and
the outputs illuminate the display LED indicators. The display is used to
indicate 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 oper-
ation, the user must set the switch to ENABLE and enter a “P” com-
mand 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 the DCNOK L is asserted in order 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 allows the user to
control the LTC function. When the switch is open, the bus BVENT L
signal can be controlled by the LTC signal that is generated in the LSI-11
bus power supply. When the switch is closed, the BVENT L signal can be
controlled by the program.

2-79



BDV11

DIFFERENCES BETWEEN REVISIONS O AND A

1. The following part numbers distinguish revision O from A

Socket Rev O Rev A
E48 ,23-010E2 23-045E2
E53 "23-011E2 23-046E2

2. Revision O does not support auto-loading of more than 3K words of
ROM.

3. Revision O does not support DECnet bootstrap for the DLV11-F and
does not have the RXV21 boot.

4. Revision O will test only 28K and print “??" for size if console test is
enabled.

5. Revision O will only accept “Y" or “N” for mnemonics and unit num-
bers.

6. Revision O does not default to ROM boot when it encounters an
unrecognized switch pattern.

7. Revision 0 uses switches B1, B2, and B3 for the ROM boot and is

enabled by having switch B4 “ON.” Revision A uses switches B2, B3,
and B4 only.
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DLV11 SERIAL LINE UNIT

GENERAL
The DLV 11 serial line unit (SLU) interfaces asynchronous serial line I/0
devices with a 20 mA current loop or EIA interface to the LSI-11 bus.

FEATURES

e Either an optically isolated 20 mA current loop or an EIA interface
selected by using the appropriate interface cable option

e Selectable crystal-controlled baud rates: 50, 75, 110, 134.5, 150,

200, 3C2. 600, 1200, 1800, 2400, 4800, 9600, and an externally
supplied rate

e Jumper-selectable stop bit and data bit formats

® LSI-11 bus interface and control logic for interrupt processing and
vector generation

e Control/status register (CSR) and data registers compatible with
PDP-11 software routines. CSRs and data buffer registers directly
accessed via processor instructions.

SPECIFICATIONS

Identification M7940
Size Double
Power +50Vdc £ 5%at1.0A (1.6 A max)
+12.0Vdc + 3% at 0.18 A (0.25 A max)
Bus Loads
AC 25
DC 1.0

CONFIGURATION

General

The following paragraphs describe how the user can configure the mod-
ule so that it will function within his system. The user can select the
register address, parity, number of data bits, number of stop bits, baud
rate, and type of serial interface. The descriptions 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.
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Figure 1 DLV11 Jumper Locations
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Table 1 Standard Addresses

First Second

Register Mnemonic  Module Module
Receiver control status RCSR 177560 175610
Receiver data buffer RBUF 177562 175612
Transmit control/status ~ XCSR 177564 175614
Transmit data buffer XBUF 177566 175616
Standard vectors KCSR 060 330
XCSR 064 304

Table 2 DLV11 SLU Factory Jumper Configuration

Jumper
Designation

Jumper
State”

Function Implemented

A3 | This arrangement of jumpers A3 through A12
A4 R implements the octal device address 17756X,
A5 R which is the assigned address for the console
A6 R device SLU. The least significant digit is hard-
A7 | wired on the module to address the four SLU
A8 R device registers as follows:

A9 R X=0, RCSR address

A1l1 R X=2, Receive data register address

A10 R X=4, XCSR address

A12 R X=6, Transmit data register address

V3 | This jumper arrangement implements the inter-
V4 R rupt vector: 60 for received data and 64 for
V5 R transmitted data.

V6 l

V7 I

NP R No parity

2SB R Two stop bits

NB2 R Eight data bits

NB1 R

PEV R Even parity if NP installed

FEH | Halt on framing error

EIA | 12 V EIA operation enabled

*R = removed, | = installed
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Table 2 DLV11 SLU Factory Jumper Configuration (Cont)

Jumper Jumper
Designation State* Function Implemented

FRO R

FR1 R 110 baud rate selected

FR2 R

FR3 R

cL1 | 20 mA current loop active receiver and trans-
mitter seiected

CL2 ! J d with 180 oh i

cL3 | umpered wit ohm resistors

CL4 |

*R = removed, | = installed

Addresses

Addresses for the DLV11 can range from 160000 through 17777Xs.
The least significant three bits (only bits 1 and 2 are used; bit O 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 175610 through 176176, allowing up to 30
additional DLV11 modules to be addressed.

L]'i‘l’ilirlllril 4{1‘J
i ‘ ' 51‘ 0:CSR

! 3
i | iPaRT OF
o 17 DATA BUFFE- |
2 P I A P < < < a L O-RECEWER J UNCTION

ECODING
O S — Y- TRANSM TTeR ) DECODING

ADDRESS JUMPERS
INSTALLED =0
REMOVED = * RANGE - 1600008 -1 TT77€

Figure 2 CSR Address Selection
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Word Format
The word format for the RCSR register is detailed in Figure 3 and the
functions are described in Table 3.

15 8 7 2

[11'1111‘!\|

T
T 1
DATASET RECEIVER | READER
STATUS DONE N ENABLE
(READ ONLY (READ ONLY) (WRITE ONLY)
RECEIVER
INTERRUPT
NABLE
{READ/WRITE)

MR-0805

Figure 3 RCSR Word Format

Table 3 RCSR Word Format

Bit Function

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

14-8 Not used. Read as O.

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

6 Interrupt Enable — Set under program control when it is
desired to generate a receiver interrupt request when a char-
acter is ready for input to the processor (bit 7 is set). Cleared
under program control or by the BINIT signal. Read/write

bit.
5-1 Not used. Read as O.
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.
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The receiver data buffer register (RBUF) word format is shown in Figure
4 and described in Table 4.

15 8 7 ]

wol oo L o

(S ——— — ——— —
——— —_—

(NOT USED) DATA AND PARITY
(5-7 81T CATA IS RIGHT JUSTIFIED. PARITY 1S BIT 7.
NO PARITY BIT IS PRESENT WHEN 8-8IT DATA (S USED.)

MR-CBO6

Figure 4 Receiver Data Buffer (RBUF)

Table 4 RBUF Word Format

Bit Function
15-8 Not used. Read as O.
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.

15 8 7 C
‘ ! N I A 1
XCSR ‘ | { | | X | } |
| 1 | b 1 | L ] |
~RANSMIT : 8RE AK
READY i (“EAD/ WRITE)
(READ ONLY |
TRANSMIT
INTERRUPT
ENABLE
(REAT/WRITE)

Figure 5 Transmit Control Status (XCSR)
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Table 5 XCSR Word Format

Bit

Function

15-8

Not used. Read as O.

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.

Interrupt Enable — Set under program control when it is de-
sired to generate a transmitter interrupt request when the
DLV 11 is ready to accept a character for transmission. Reset
under program control or by the BINIT signal. Read/write
bit.

Not used. Read as O.
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.

I_l]i‘ilvliiiii}ljﬂ’

(NOT USED) DATA
MR-0808

Figure 6 Transmitter Data Buffer (XBUF)

Table 6 XBUF Word Format

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

program control for serial transmission to a device. Write-
only bits.
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Interrupt Vectors

Vectors can range from O through 37Xg. Vectors 60 and 64 are reserved
for the console peripheral device. Additional DLV11 modules should be
assigned vectors following any DRV 11 modules installed in the system
starting at 300. Vector bits 3 through 7 are selectable by the user to
form the address as described in Figure 7. The factory configuration will
set the receiver interrupt vector for 060 and the transmitter interrupt
vector will be set at 064.

] i ‘ z !
el gl c . C 0 0 a9 00 H | | .
A I S | U S S _i

1§ IR ! j L 0 ECEVE
5 H < :d 2 | TRANSMITTER

INSTALLED:O
REMOVED =1 RANGE © - 374,

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 installed = 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

50
75
110
134.5
150
200
300
600
1200
1800
2400
2400
4800
9600

-n
X
N

FR1 FRO

—_—_— A== TT— —
—_ — XX ~—V—VVAD
— ==V —-—VN——=VD T~

OV —-—V—VD—0—T — —

x

External
(via pin BH1)

NOTE:

| = installed X = don't care
R = removed

EIA Interface
EIA drivers are enabled when jumper EIA is installed. This jumper applies
-12 V 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 inter-
face operation. Remove EIA and remove or install CL1 and CL4 jumpers
and CL2 and CL3 180 ohm resistors for the desired function as
described below.

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

Transmit: CL4 jumper installed
CL3 resistor installed

Receive: CL1 jumper instalied
CL2 resistor installed
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Figure 8 20 mA Active Current Loop Jumper Configuration
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Figure 9 Active 20 mA Current Loop Interface
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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 +12 V 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.

DLV1It SERIAL LINE UNIT CIRCUITS

| +
sv
seriaL |

OUZ‘L_J oPTICAL SERIAL
2 COUPLER [~

DATA IN

(PASSIVE RECEIVE AND TRANSMIT) BCOSM CABLE ASSY SERIAL 20mA DEVICE
X N "N
[——- +5v
SERIAL
20mA DATA IN J1 P2 - P IN+ OPTICAL SERIAL
! <8 T T2 COUPLER DATA OUT
|
OPTICAL Cee o l !
COUPLER L3 | | |
NN | |
[RERR K = 7 SERIAL IN =
cLa l I 1 5(—1«—I seriaL out- | Y
L40 - - AA IAL OUT -
20mA|/TTL RCVD DATA I
"] |
SIH =37 SerIAC <E
DATA IN

SO H —»

COUPLER j20mA DATA
out

~12v

|
OPTICAL |

|

| |

' 4 %READER ENABLE —

|

£E

Y |

|

READER 1 ppet c 6 (—— READER ENABLE +
RUN LOGC [ Trenpen | | T

RU | Uué—‘——

re—
vE—

CFP-1805

Figure 10 Passive 20 mA Current Loop Interface
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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-installed,
causing the assertion of BHALT L when the framing error is detected.
The processor then executes console microcode.

Installation

Prior to installing the DLV 11 on the backplane, first establish the desired
priority level to determine the backplane slot in which the module 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 foliows: -1, -6, -10, -20,
-25. For example, a 10-ft EIA interface cable would be ordered as BCO5C-10.
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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 DLV 11. The peripheral device end of the cable is terminated with a
Mate-N-Lok connector that is pin-compatible with the following periph-
eral options:

LA36 DECwriter

LT33 Teletypewriter

LT35 Teletypewrier

VTO5B Alphanumeric Terminal
VT50 DECscope

VT52 DECscope

RTO2 Alphanumeric Terminals
DFO1-A Acoustic Telephone Coupler

The complete interface circuit provided by the BCO5M cable and the
associated DLV11 jumpers is shown in Figure 10.

NOTE
When the DLV 11 is used with teletypewriter de-
vices, a 0.005 uF capacitor must be instailed
between split lugs TP1 and TP2.

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

Interfacing with EIA-Compatible Devices

When interfacing with EIA devices, the BCO1V 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, 113 modems. Connector
pinning and signal levels conform to EIA specification RS232C. The
complete EiA interface circuit is shown in Figure 12; jumpers are shown
in Figure 13

OPTIONAL HARDWARE

Cables
BCO5M 20 mA; H856 tc Mate-N-Lok female
BCO5C EIA; H856 to Cinch 25-pin male.
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Figure 12 EIA Interface
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Figure 13  EIA Jumper Configuration
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Connectors
H856 To module
Cinch DB25S To BCO5C
Mate-N-Lok (male) 12-09340-01 connector
Mate-N-Lok (male) 12-09378-01 contacts
Mate-N-Lok (female) 12-09340-00 connector
Mate-N-Lok (female) 12-09379-01 contacts
Miscellaneous
BCOS5F 20 mA extension cable
(Mate-N-Lok to Mate-N-Lok)
BCO3P Null modem cable
(female Cinch to female Cinch)
H312A Null modem

FUNCTIONAL DESCRIPTION

General

The DLV11 functions as an interface between an asynchronous serial
communication channel and the LSI-11 bus. It performs serial-to-paral-
lel and parallel-to-serial data conversion with the universal asynchronous
receiver/transmitter (UART). The UART includes the receiver functions
and the transmitter functions. The receiver performs serial-to-parallel
conversion of 5-, 6-, 7- or 8-level codes. The character length is select-
able and the characters appear right justified in the data buffer register
stripped of start, stop, and parity bits. The transmitter section performs
parallei-to-serial conversion of data provided by the LSI-11 bus. The
character length and stop code are the same as used in the receiver
section. This section adds the start, stop, and parity bits to the data

being transmitted. A function diagram of the module is shown in Figure
14.

UART Operation

The main function on the DLV11 module is the universal asynchronous
receiver/transmitter (UART) chip. This is a 40-pin LS| chip that is
capable of parallel 1/0 with the computer bus and asynchronous serial
I/0 with an external device. Jumpers allow the user to select parity
functions, number of stop bits, and number of data bits. Both transmit
and receive functions are totally asynchronous in operation. The transmit
clock is always driven by the baud rate generator's CLK L signal. CLK L
is applied to one MSPAREB backplane pin (BK1), where it is connected

to MSPAREB pin BL1; this is the receive function UART clock input
(RCLK L) signal.

2-95



DLV11

TBMT H ::1 > INIT H
. DA H e -~ = < PP RELIER ENABLE +
BINIT L Bl Iy X
BrReLY L [B}AF2 I 431 curt 3 ‘
e —— Sen ) b S < HE REL ER ENABLE -
Braxo L [BHAN2 LEG [T ROINTENH i
S ] DOt i
BIakI L B}EM2 N TENH cLa
AL? e eviC L +12v 4—( AA SER AL OLT+
BIRG L B o] o l
z
BOCOK H5J~0D—oacoa S | e I
507 i <o |+ BREAK H |
233 | de |
a2 245 | RDABO K —f BT 5>
8Bs7 L [B}5-—— — i L2 & e " g%M“A/”-
aE IS E VD DATA
sooutr L [B1REE o __J §>’& 9;
v
sorv CEMME ) = FMEg
AJ2 oz ME oS o N “ 1a
BSYNC L_ﬁ.,,,___, ’:E’E gg 20 MA DATA IN
ssPaRE 8 121 e £xT UART CLK IN H §§8 SRS
ALt EiA <
MSPARE A [B] o—0 ElA-12V “Cao | = :§ wao
AK1 | — < w20 ATA OUT
MSPARE A [B} "= — 12V L ‘ — 3 + E‘:‘, K (SERIAL CUT
) 1 (e}
mspare 8 B2 e cik L 22 ' i i °c
z - g :1
mspage B B8 e roLk L S zz || 2 |z ‘
== DS pzow
8040 L B2 e - o5 |%] & |1 88z
S| Al fe| gRwd £ gt
boac L G2 e 5% (2| o || &8s e
S @l 15 a5«
soate L B2 < o - ) ST o R SER AL N
CITTR ) LS N —
4
. 8H LS T
soaLs L B}EH2 - —ee ] Y — Mo3ov s ama
soas L B¥2 < - | & DCOK & -
goacs L B}%*2 - o % - i
8L2 4 ABO-7TH ~ L <. EA CATA N
2 2 & 7
8DAL7 L M - - x T
soats L B}PM? e o 2 M = TTC SERMAL
« = JaTLN
soals L B}V e o % o :
P2 < @ RCLK- +0 2
BOAL1O L [B}°-5——a— e —] @ b3 v x
x FE ~=—oq
soact L [B}ER2 e x
Bs2 ar
BDALIZ L [B}>—e—>—] DDABO-7H 29
BDAL!5 L @SQ ———— Su
BHALT AP FEX T 2
B oo Fe T
P o : , ! ¥ =
sravms X C ;‘Igfﬁl‘ﬁigi 5)x =
0 (ol S o> =7 i
AN =L TS A G T - L
ENABLE — 3888 gow -
JUMPER A ‘ - z .
o il g — 5
g e _ _
s [RR28R, L i
o
22 fe——SREAK H M Ex
5% e ROINTEN R 4 ELI
Cx
58 fe TOINTEN x3
Ta
— — 4= T DATL SET ~EZTY
somer L [B}ARZ, e
] e e e — = =T TLEAR TO SEND
. [F1AS2 !
BOMGO L i < 38 CARSIER
S
Z )
z —4< T 8us/
3 -
P

Figure 14 DLV11 Logic Block Diagram
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When a user application requires split transmit and eceive baud rates,
the MSPARE jumper can be broken from pins BK1 and BL1 and an
external receive baud rate signal can be applied to BL1 (the drive fre-
quency should be 16 times the desired baud rate).

Baud Rate Generator

The baud rate generator produces the desired UART clock and a fixed
2.4576 MHz clock for the -12 V inverter circuit. A crystal-controllied
oscillator produces the basic 2.4576 MHz frequency for the baud rate
generator. A single baud rate generator chip divides this frequency to
produce the available baud rates. Jumpers select the desired baud rate
for the CLK L output signal

Bus Drivers and Receivers

Bus drivers and receivers interface directly with the LSI-11 bus. Line
receivers produce RDABO-12 H signals in response to BDALO-12 L bus
signals. When an input data or vector transfer is desired, function decod-
ing and control logic generates an active INPUT ENABLE signal, which
enables the bus drivers. When a data input operation is selected, the
UART receiver data buffer contents (RDO-7 H) are routed through the
data selector (DDABO-7 H) to the BDAL bus. When responding to an
interrupt acknowledge signal, interface control logic generates VEC L,
which selects the vector address produced by jumpers W6-W10. In ad-
dition, DALO, 6. 7, and 15 are driven by CSR selection and gating cir-
cuits when a data input transfer from either the receiver (RCSR) or
transmitter (XCSF) control/status register is performed.

Address Decoding

Address decoding logic responds to the address present on the bus
when BSYNC L is asserted. The DLV 11 device address is contained on
RDAB3-12 H, along with address bits RDABO, 1, and 2 H, which are
decoded by function decoding logic. Address bits are not required for
bank selection since all devices, such as any DLV 11, reside in the upper
4K bank (addresses ranging from 28-32K). The processor generates an
active BBS7L signal, indicating an I/0 device addressing operation. Ad-
dress selection jumpers A3-A12 allow the user to configure address bits
3-12. When the DLV 11 is addressed. device selection is indicated by an
active ME signal. This signal remains active throughout the entire 1/0
cycle {(while BSYNC L remains active), enabling function decoding.

Function Decoding and Control

Function decoding and control logic decodes DLV11 internal gating
functions based on address selection, address bits RDABO, 1, and 2 H,
bus signals BDIN L, BDOUT L, and BSYNC L, and the VEC L signal
generated by the interface control logic. In addition to generating func-
tion select signals, this circuit inverts BSYNC L to produce SYNC H
whose leading edge clocks the address decoding logic. A truth table cf
function select signals is provided in Table 8.
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Table 8 DLV11 Function Decoding

Address Inputs

Control Inputs

Function Select Signals (low-active)

SEL SEL SEL SEL SEL SEL SEL
Al A2 BDINL BDOUTL MEL OINL 2INL 4INL OOUTL 6INL 40UTL 60UTL
X X X X H H H H H H H H
L L L X L L H H H H H H
H L L X L H L H H H H H
L H L X L H H L H H H H
L L H L L H H H L H H H
L H H L L H H H H H L H
H H H L L H H H H H H L
H H L H L H H H H L H H
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Interface Control Logic

Interface control logic produces the BRPLY L signal in response to 1/0
operations, contains the interrupt control logic, and receives and dis-
tributes the BINIT L initialize signal. This function also contains the
transmit data interrupt enable (TDINTEN H) flip-flop and receiver data
interrupt enable (RDINTEN H) flip-flop; both flip-flops can be read or
written by the LSI-11 bus. RDINTEN is set or reset by BDAL6 L; the flip-
flop is clocked on the leading edge of SELOOUT L. Similarly, TDINTEN is
set or reset by BDALG L; this flip-flop is clocked on the leading edge of
SEL40UT L.

Receiver-generated interrupts occur as a result of the RDINTEN flip-flop
being set (interrupts enabled) and an active receiver data available (DA
H) UART status signal. When this condition occurs, the receiver data
interrupt request flip-flop sets and generates an active BIRQ L signal.
The LSI-11 bus responds (if its PS bit 7 is not set) by asserting BDIN L;
this enables the device requesting the interrupt to place its vector on the
BDAL bus when the interrupt request is acknowledged. The processor
then asserts BIAKO L, acknowledging the interrupt request. The inter-
face control logic receives BIAKI L and responds by generating active
VEC L and BRPLY L signals. placing its interrupt vector on the LSI-11
bus and clearing the BIRQ L signal. The stored BIAK signal is cleared
when the next BIAKI L signal is received and the DLV 11 is not request-
ing an interrupt.

Transmitter-generated interrupts occur in a manner similar to the
receiver-generated interrupts. However, they occur as a result of the
TDINTEN flip-flop being set (interrupts enabled) and when the trans-
mitter buffer empty (TBMT H) UART signal is active (high). Note that if
the transmitter and receiver functions request interrupts simultaneously,
the receiver interrupt vector will be transmitted on the first interrupt
cycle, and the transmitter interrupt vector will be transmitted on a sub-
sequent (separate) interrupt sequence. If BIAKI L is received and the
DLV11 is not requesting an interrupt, it passes BIAKO L to the next
device in the priority chain.

The interface control logic also generates the DLV11's BRPLY L signal.
It generates this signal when any function select signal is asserted or
VEC L is generated.

The system initialize signal (BINIT L) is generated by the processor to
reset all peripheral device registers. Interface control logic responds by
clearing all control flip-flops, including the interrupt request, interrupt
acknowledge, and break flip-flops. The UART's RBUF and XBUF data
registers are not cleared by BINIT L; however, the initialize signal does
clear the DAH signal and set the TBMT H signal.
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CSR Selection and Gating
CSR selection and gating logic enables the LSI-11 bus to read receiver
and transmitter control/status bits. Functions are summarized below.

Read RCSR (SELOIN L asserted)
CARRIER or CLR TO SEND or DATA SET READY — BDAL15
DAH — BDAL7
RDINTEN H — BDALS6

Read XCSR (SEL4IN L asserted)
TBMTH —» BDAL7
TDINTEN H - BDALG6
BREAK H - BDALO

Break Logic

Break logic comprises the break status flip-flop. It is set or cleared by the
LSI-11 bus by BDALO while executing a bus output cycle with the
XCSR. Thus, the duration of the break signal is program controlled. The
break flip-flop is clocked on the leading edge of the SEL40OUT H signal.
When set, the serial output line is continuously negated (space) or open
circuit. The status of the break flip-flop can be read in XCSR bit O.

Reader Run Logic

The reader run logic enables DLV 11 generation of a READER RUN pulse
for 20 mA current loop teletypewriter devices. It is enabled by loading
RCSR bit O; the LSI-11 bus asserts BDALO and causes generation of the
SELOOUT H signal (load RCSR). READER RUN is asserted and remains
active until the received serial data has been in a mark condition for the
duration of eight consecutive clock pulses. The start bit of the serial input
(Sl) from the low-speed reader initiates a 4-bit binary counter. When
eight CLK L pulses have been counted (equivalent to one-half of the start
bit), READER RUN is negated.

EIA Interface Circuits

An EIA interface is provided by EIA drivers and receivers. EIA signal
drivers are provided for EIA TRANS DATA, RQST TO SEND, DATA TER-
MINAL READY (always an active high), and BUSY (always an active
low). Jumper EIA applies -12 V to the EIA driver chip when the DLV 11
is used with EIA-compatible devices. EIA signal receivers are provided
for EIA DATA IN, CARRIER or CLEAR TO SEND, and DATA SET
READY. The optional BCO5C modem cable connects the output signal of
the EIA DATA IN driver (EIA/TTL RCVD DATA) to the TTL SERIAL
DATA IN input to the UART.
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20 mA Loop Current Interface

The 20 mA loop current interface is provided by optical isolation. An
active 20 mA current loop is provided when jumpers CL1 through CL4
are installed. If the jumpers are removed, 20 mA passive current loop
operation is selected. The optional BCO5M cable assembly connects the
20 mA/TTL RCVD DATA optical coupler signal output to the TTL
SERIAL DATA IN input of the UART. When the DLV 11 is used with a
110 baud teletypewriter device, a 0.005 uF, 100 V filter capacitor
should be installed between terminals TP1 and TP2.

-12 V Inverter

The -12 V inverter generates —12 V for use by the UART chip and EIA
driver and receiver chips. Input to the circuit is the CLK signal (2.4576
MHz) and +12 V. The output is zener regulated to =12 V.
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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 standard types of serial commu-
nications 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 trans-
mits it to the peripheral devices. The DLV11-E offers full modem control
and EIA type interface.

FEATURES

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.

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

Jumper-selectable stop bit and data bit formats

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

Control, status, and data buffer registers directly accessible via pro-
cessor instructions

Full modem control (Bell 103, 113, 202C, 202D, and 212-com-
patible)

SPECIFICATIONS

Identification M8017
Size Double
Power +50Vdc £ 5%at1.0A
+12.0Vdc £ 3% at0.18 A
Bus Loads
AC 1.6
DC 1.0
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CONFIGURATION

General

The following paragraphs describe how the user can configure the mod-
ule so that it will function within his system. The user can select the
register addresses, interrupt vectors, data format, baud rate, and inter-
face 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 1 and 2. A complete listing of the jumpers and a de-
scription of their functions are contained in Table 2.

Addresses for the DLV11-E can range from 160000 through 177770s.
The least significant three bits (only bits 1 and 2 are used; bit O is
ignored) address the desired register in the module, as described in Table

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

Since each module has four registers, each requires four addresses. Ad-
dresses 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.

Table 1 Standard Assignments

Console Second
Description Mnemonic Module Module
Register
Receiver Control/Status  RCSR 177560 175610
Receiver Data Buffer RBUF 177562 176612
Transmit Control/Status XCSR 177564 1756614
Transmit Data Buffer XBUF 177566 175616
Interrupts
Receiver 60 300
Transmitter 64 304
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DLV11-E Jumper Locations

Figure 1
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Figure 2 DLV11-E Addressing

Table 2 DLV11-E Jumper Definitions

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

Jumper Function

A3-A12  These jumpers correspond to bits 3 through 12 of the ad-
dress word. When inserted, they will cause the bus interface
to check for a true condition on the corresponding address
bit.

Vv3-Vv8 Used to generate the vector during an interrupt transaction.
Each inserted jumper will assert the corresponding vector bit
on the LSI-11 bus.

RO-R3 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.

TO-T3 Transmitter baud rate select jumpers during split speed op-
eration.

Both receiver and transmitter baud rate if maintenance
mode is entered during split speed operation as defined in
Table 3.
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Table 2 DLV11-E Jumper Definitions (Cont)

Jumper

Function

BG

m |

1,

PB

c.C

-FD
-FR

RS

FB

. S1

. M1

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

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 maintenance 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 mainte-
nance 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 signal on.

Jumper is removed to force request to send signal on.

This jumper is inserted to enable normal transmission 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 stand-
ard configuration is shown in Figure 3 and Table 1. The vectors can
range from 001 through 774. Note that vectors 60 and 64 are reserved
for the console device. Additional DLV 1 1-E modules should be assigned
vectors following any DRV 11 parallel interface modules installed in the

system that start at address 300.

BDAL
BITS 15 08

co

T
o i o0 0 0 0 o}
L i

N

SELECTED BY USER
ASSERTED BY INTERRUPT &
LOGIC CIRCUIT

V3

Figure 3 DLV11-E Interrupt Vectors

Baud Rate Selection

L 0:RECEIVER
1 = TRANSMITTER

CONTROLLED BY INTERRUPT
LOGIC CIRCUIT

RANSE:=0 7748

The DLV11-E allows the user to configure jumpers TO-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 so that the module will
meet his requirements. The factory configuration as shipped is shown in
Table 5 to assist the user in determining what changes are required.

Registers

The word format for the DLV11-E CSR is shown in Figure 4 and func-

tionally described in Table 6.
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Table 3 DLV11-E Baud Rate Selection

Bit Bit Bit Bit Bit
Program Control 15 14 13 12 1"
Receive Jumpers R3 R2 R1 RO Baud
Transmit Jumpers T3 T2 T1 TO Rate

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

ITIITIIDIT
DVJIDV T T T T"IJVDIVIDD

T —TVV - ——IVI—-—IJVD
PV -V - DV -V VD

| = 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.

Table 4 DLV11-E Data Bit Selection

Jumpers Number of Data Bits

D - —
0N W
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Table 5 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

A6 R module to address the four device regis-

A7 | ters as follows:

A8 [ X=0 RCSR

A9 | X=2 RBUF

A10 R X=4 XCSR

A1 | X=26 XBUF

A12 I

V3 R This jumper selection implements inter-

V4 R rupt vector address 300s for receiver

V5 R interrupts and 304g for transmitter inter-

V6 | rupts.

V7 |

V8 R

RO | The module is configured to receive at

R1 R 110 baud.

R2 |

R3 1

TO | The transmitter is configured for 9600

T1 R baud if split speed operation is used.

T2 R

T3 R

BG l Break generation is enabled.

P R Parity bit is disabled.

E R Parity type is not applicable when P is re-
moved

1 R Operation with 8 data bits per character.

2 R

PB R Programmable baud rate function dis-
abled.

C | Common speed operation enabled.

C1 !
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Table 5 DLV11-E Factory Jumper Configuration (Cont)

Jumper Jumper
Designation State Function Implemented
S R Split speed operation disabled.
S1 R
H R Halt on framing error disabled.
B R Boot on framing error disabled.
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 disabled.
M R Factory test jumpers. Not defined for field
M1 R use.
15 14 13 12 Al 10 09 08 07 06 05 04 03 02 01 00
ATA | T
(% oo [ 0] atn [ g [ vesomeo (s [RETT | g [ 3, o o]

1-4964

Figure 4 DLV11-E RCSR Word Format

Table 6 DLV11-E RCSR Bit Assignments

Bit Name

Description

15 DATA SET INT This bit initiates an interrupt se-
(Data Set Interrupt) quence provided the DSET INT ENB

(bit 5) is also set.
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Table 6 DLV11-E RCSR Bit Assignments {Cont)

Bit

Name

Description

14

13

12

1M

RING

CLR TO SEND
(Clear to Send)

CAR DET
(Carrier Detect)

RCVR ACT
(Receiver Active)

This bit is set whenever CAR DET,
CLRTO SEND, or SEC REC changes
state, ie., onaOto 1or1toO tran-
sition of any one of these bits. It is
also set when RING changes from O
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.

When set, indicates that a ringing
signal is being received 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.

The 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.

This bit is set when the data carrier
is received. When clear, it indicates
either the end of the current trans-
mission activity or an error condi-
tion.

Read-only bit.

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 R
DONE H.
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Table 6 DLV11-E RCSR Bit Assignments (Cont)

Bit Name Description
Read-only bit; cleared by INIT or by
RDONE H (bit 7).
10 SEC REC This bit provides a receive capability
(Secondary Received  for the reverse channel of a remote
or Supervisory station. A space (+6 V) is read as a
Received Data) 1. (A transmit capability is provided
by bit 3.)
Read-only bit.
9-8 Not Used Reserved for future use.
7 RCVR DONE This bit is set when an entire char-
(Receiver Done) acter 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 buf-
fer (RBUF) is addressed. Also
cleared by INIT.
Read-only bit.
6 RCVR INT ENB When set, allows an interrupt se-
(Receiver Interrupt qguence to start when RCVR DONE
Enable) (bit 7) sets.
Read/write bit; cleared by INIT.
(See Note 1.)
5 DSET INT ENB When set, allows an interrupt se-
(Data Set Interrupt quence to start when DATA SET
Enable) INT (bit 15) sets.
Read/write bit; cleared by INIT.
(See Note 1.)
4 Not Used Reserved for future use.
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Table 6 DLV11-E RCSR Bit Assignments (Cont)

Bit Name Description

3 SEC XMIT This bit provides a transmit capabil-
(Secondary ity for a reverse channel of a remote
Transmitted or station. When set, transmits a space
Supervisory (=~+11.5 V). (A receive capability is
Transmitted Data) provided by bit 10.)

Read/write bit; cleared by INIT.
2 REQ TO SEND

(Request to Send)

DTR
(Data Terminal
Ready)

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.

A control lead for the data set com-
munication channel. When set, per-
mits 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 module 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.
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The word format for the DLV11-E RBUF register is shown in Figure 5
and functionally described in Table 7.

5 14 3 2 n T o9 o8 o7 o6 25 04 03 02 O 20

T I

T !
crree | O R ° RESER.EC

i RECEIVED DATA BITS
ER% 1 ERR ERR L
B

- 4956

Figure 5 DLV11-E RBUF Word Format

Table 7 DLV11-E RBUF Bit Assignments

Bit Name Description
15 ERROR Used to indicate that an error condi-
(Error) tion 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
character is received, at which time the error
bits are updated. INIT clears the error bits.
14 OR ERR When set, indicates that reading of
(Overrun Error) the previously received character
was not completed (RCVR DONE
not cleared) prior to receiving a new
character.
Read-only bit. Cleared by INIT.
13 FR ERR When set, indicates that the charac-
(Framing Error) ter that was read had no valid stop
bit.

Read-only bit. Cleared by INIT.
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Table 7 DLV11-E RBUF Bit Assignments (Cont)

Bit Name Description
12 P ERR When set, indicates that the parity
(Parity Error) received does not agree with the ex-

pected parity. This bit is always O if
no parity is selected.

Read-only bit. Cleared by INIT.

11-8 Not Used Reserved for future use.
7-0 RECEIVED Holds the character just read. If less
DATA BITS than eight bits are 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 Os.

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 6
and functionally described in Table 8.

15 14 13 12 1"

10
PBR | PBR | PBR | PBR
SEL SEL SEL SEL RESERVED

Figure 6 DLV11-E XCSR Word Format

o8 07 06 05 04 03 02 Ot o

.

14967

MAINT

XMIT
XL INT RESERVED
OY | EnB

Table 8 DLV11-E XCSR Bit Assignments

Bit Name Description
15-12 PBR SEL When set, these bits choose a baud
(Programmable rate from 50-8600 baud. See Table

Baud Rate Select) 3.

Write-only bits.
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Table 8 DLV11-E XCSR Bit Assignments (Cont)

Bit Name Description
11 PBR ENB This bit must be set in order to
(Programmable select a new baud rate indicated by
Baud Rate Enable) bits 12 to 15.
Write-only bits.
10-8 Not Used Reserved for future use.
7 XMIT RDY This bit is set when the transmitter
(Transmitter Ready) buffer (XBUF) can accept another
character. When set, it initiates an
interrupt sequence provided XMIT
INT ENB (bit 6) is also set.
6 XMIT INT ENB When set, allows an interrupt
(Transmitter sequence to start when XMIT RDY
Interrupt Enable) (bit 7) is set.
Read/write bits; cleared by INIT.
(See Note.)

5-3 Not Used Reserved for future use.

2 MAINT Used for maintenance function.
When set, connects the transmitter
serial output to the receiver serial
input while disconnecting the exter-
nal 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.

1 Not Used Reserved for future use.

2-117



DLV11-E

Table 8 DLV11-E XCSR Bit Assignments (Cont)

Bit Name

Description

0 BREAK

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 to its

normal priority.

The word format for the DLV11-E XBUF register is shown in Figure 7
and functionally described in Table 9.

07 00

RESERVED

TRANSMITTER DATA BUFFER

1156155

Figure 7 DLV11-E XBUF Word Format

Table 9 DLV11-E XBUF Bit Assignments

Bit Name Description

15-8 Not Used Not defined. Not necessarily read as
Os.

7-0 TRANSMITTER Holds the character to be trans-

DATA BUFFER

ferred to the external device. If less
than eight bits are used, the charac-
ter must be loaded so that it is right-
justified into the least significant
bits.

Write-only bits. Not necessarily read
as Os.
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Installation

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

The BCO5C modem cable provides the correct connection to the 40-pin
connector 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 RS232C. The EIA interface
circuit is shown in Figure 8; jumpers are shown in Figure 1.

FUNCTIONAL DESCRIPTION

General

Major functions contained on the DLV11-E are shown in Figure 9. Com-
munications between the processor and the DLV11-E are executed via
programmed |I/0 operations or interrupt-driven routines.

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. 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 trans-
mitter or receiver interrupt vector and the 1/0 control logic can cause the
bus interface to transmit or receive data to or 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. If BBS7 L is asserted.
the circuit decodes BDALO3 L through BDAL12 L and asserts 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.

1/0 Control Logic

When the I/0 control logic receives MATCH H from the bus interface, it
decodes tri-state bus lines DATOO 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.

*X = Length in feet. Standard length is 25 feet.
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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 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 1/0
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 operation.
Data is handled in the low byte of the registers. The buffer control circui-
try 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 full character of data has been received.

Interrupt Logic

The DLV11-E can generate transmitter interrupts. |f 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 proces-
sor (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 trans-
mitter 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 asserts
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.)

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 control
lines (ring, clear to send, carrier, or secondary received data).
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Trie interrupt acknowiedge daisy-chain (BIAKI/BIAKQO) 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
osciilator frequency by an amount selected by jumpers or the program.
The circuit can be jumpered to generate either independent transmitter
and receiver clocks (split speed operation) or a common clcck (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 spiit 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
iumpers. in split speed operation, jumpers RO-R3 control the receive
baud rate and jumpers TO-T3 control the transmit baud rate. In common
speed operation, RO-R3 controi 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 1s set in the XCSR, the module will transmit a break signal
to the peripheral device (normally another processor). If the module re-
ceives 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 inciuding) 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 gues to the pe-
ripheral device, but no data is received from the peripheral in_this main-
tenance 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.
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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, request
to send, force busy, and secondary transmitted data to the data set.
(Request to send and force busy are jumper-selectable.) If data set inter-
rupts 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. Handshake sequences are
under program control.

DC-to-DC Power inverter

The power inverter uses the +12 V from the backplane to produce —12
V 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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DLV11-F ASYNCHRONOUS LINE INTERFACE

GENERAL

The DLV 11-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 senal data, and transmits it to the peripheral
devices. The DLV11-F supports either 20 mA current loop or EIA-stand-
ard lines. but does not include modem control.

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.

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

¢ Jumper-selectable stop bit and data bit formats

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

* Control, status, and data buffer registers directly accessible via pro-
cessor instructions

* Support for “data ieads only” modem (Bell type 103, 113)

* Generation of reader run signal for use with ASR type terminals
(when equipped with reader run relay}

SPECIFICATIONS

identification M8028
Size Double
Power +50Vdec £5%at1.0A
+12.0Vdc £ 3%at0.18 A
Bus Loads
AC 22
DC 1.0
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CONFIGURATION

General

The following paragraphs describe how the user can configure the mod-
ule so that it will function within his system. The user can select the
register addresses, interrupt vectors, data format, baud rate, and inter-
face 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 1.

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 177770s.
The least significant three bits (only bits 1 and 2 are used: bit O is
ignored) address the desired register in the module, as described in Table

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

Since each module has four registers, each requires four addresses. Ad-
dresses 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-F modules to be addressed.

Interrupt Vectors

The interrupt vectors are selected by using jumpers V3 to V8. The stand-
ard configuration is shown in Figure 3 and Table 1. The vectors can
range from 001 through 774. Note that vectors 60 and 64 are reserved
for the console device. Additional DLV 11-F modules should be assigned
vectors following any DRV 11 peripheral interface module installed in the
system that starts at address 300.

Table 1 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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Figure 1 DLV11-F Jumper Locations
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Table 2 DLV11-F Jumper Definitions

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

control.
Jumper Function
A3-A12 These jumpers correspond to bits 3 through 12 of the

address word. When inserted, they will cause the bus in-
terface to check for a true condition on the corresponding
address bit.

V3-V8 Used to generate the vector during an interrupt transac-
tion. Each inserted jumper will assert the corresponding
vector bit on the LSI-11 bus.

RO-R3 Receiver and transmitter baud rate select jumpers during
common speed operation.

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

TO-T3 Transmitter baud rate select jumpers during split speed
operation.

Both receiver and transmitter baud rate if maintenance
mode is entered during split speed operation as defined

in Table 3.
BG Jumper is inserted to enable break generation.
P Jumper is inserted for operation with parity.
E Receiver checks for appropriate parity and transmitter in-

serts appropriate parity.

1.2 These jumpers select the desired number of data bits, as
defined in Table 4
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Table 2 DLV11-F Jumper Definitions (Cont)

Jumper

Function

PB

1A, 2A, 3A

1P, 2P

4A, 5A

3P, 4P

Jumper is inserted to enable the programmable baud rate
capability.

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

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 fram-
ing error is received, except when the maintenance 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 main-
tenance 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 current
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 ac-
tive. (Jumpers 3P and 4P must be removed when 4A and
5A are inserted.)

Inserted to make the 20 mA current loop transmitter pas-
sive. (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.

2-129



DLV11-F

304aL
815 15 O o7 o6
l T =
i ! I i,z 4 ¥ R j O S R
! } i
L { ! i I L I i | i
T ’ i | '
o i : | ) ;
8BS7 L 1 !
RS ! H | | : !
& = < s = ~ - 0 < -~
a E4 < < “ < < s i < ;
AUDRESS JUMPERS '
NSTALLED 1
REMCLED =
0 = RECEIVER }__ .
1 TRANSMITTER
0 CsR } SRR
1 = DATA BUFFER
D= LOWBYTE )
Do HIGHAYTE [ T T T
RANGE = '6000%g - 177776 MF =3
Figure 2 DLV11-F Addressing
BDAL
BITS 15 08 o0
T - T ‘ 1

o}oio!:!a R R[rir:»w‘ {co
L ° fromfiriy o]

Va4
V3 ——

| |
SELECTED 8Y USER i L 8
ASSERTED BY INTERRUPT & S 32 s
LOGIC CIRCUIT

~
VECTOR? JUMPERS: LOGIC
iINSTALLED:=1
REMOVED=0

Figure 3 DLV11-F Interrupt Vectors

Baud Rate Selection
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The DLV11-F allows the user to configure jumpers TO-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 th

user-selectable by installing or removing jumpers 1 and 2

e DLV11-Fis
. The specific

number of data bits as controlled by the configuration of jumpers 1 and

2 is shown in Table 4.
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Table 3 DLV11-F Baud Rate Selection

Bit Bit Bit Bit Bit
Program Control 15 14 13 12 11
Receive Jumpers R3 R2 R1 RO Baud
Transmit Jumpers T3 T2 T1 TO Rate

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

jo s b o s « Bio s Buais ¢ Bbs s B ¢ o ¢ B

DDV IDVDIVIVDOD - — — - T T
s Bumile o Bl + Hanulils ¢ Bhaiiis s Buuniibs ¢ B « B « B

I = 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.

Table 4 DLV11-F Data Bit Selection

Jumpers Number of Data Bits
2 1
| I 5
1 R 6
R | 7
R R 8
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Factory Configuration

The user has the option to reconfigure any of the jumpers so that the
module will meet his requirements. Therefore, the factory-configuration
as shipped is shown in Table 5 to assist the user in determining what
changes are required.

Table 5 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
A6 | module to address the four device regis-
A7 R ters as follows:

A8 I X=0 RCSR

A9 I X =2 RBUF

A10 | X =4 XCSR

A11 | X =6 XBUF

A12 |

V3 R This jumper selection implements inter-
V4 | rupt vector 60y for receiver interrupts and
V5 I 645 for transmitter interrupts.

V6 R

V7 R

V8 R

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

R2 |

R3 |

T0 | The transmitter is configured for 9600
T 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 re-

moved
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Table 5 DLV11-F Factory Jumper Configuration (Cont)
Jumper Jumper
Designation State Function Implemented
1 R Operation with 8 data bits per character.
2 R
PB R Programmable baud rate function dis-
abled.
C | Common speed operation enabled.
C1 |
S R Split speed operation disabled.
S R
H | Halt on framing error enabled.
B R Boot on framing error disabled.
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 field
M1 R use.
Registers

The word format for the DLV11-F RCSR is shown in Figure 4 and func-

tionally described in Table 6.
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15 13 2 1 10 09 07 06 05 04 03 02 01 00
{ | — T o T T Tocwn 1 Rtvj T T T -
RESERVED RESERVED | INT RESERVED ' RDR
AcT DONE
I | ] ] | | ene 1 L 1 [ Ene

11-49658

Figure 4 DLV11-F RCSR Word Format

Table 6 DLV11-F RCSR Bit Assignments

Bit Name Description
15-12 Not Used Reserved for future use.
11 RCVR ACT When set, this bit indicates that the
(Receiver Active) 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 de-
vice and is cleared by the leading
edge of RDONE H.
Read-only bit; cleared by INIT or by
RCVR DONE (bit 7).
10-8 Not Used Reserved for future use.
7 RCVR DONE This bit is set when an entire char-
(Receiver Done) acter 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.
6 RCVR INT ENB When set, allows an interrupt se-
(Receiver Interrupt quence to start when RCVR DONE
Enable) (bit 7) sets.
Read/write bit; cleared by INIT.
5-1 Not Used Reserved for future use.
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Table 6 DLV11-F RCSR Bit Assignments (Cont)

Bit Name Description
0 RDR ENB When set, this bit advances the pa-
(Reader Enable) per 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 5
and functionally described in Table 7.

15 14 13 12 " W 29 08 o7 06 0s 04 03 02 o1 0o

T
OR
L{RRO J ERA

T T
FR | P

T
ERR | ERR RESERVED J RECEIVED DATA BITS
L

11-4966

Figure 5 DLV11-F RBUF Word Format

Table 7 DLV11-F RBUF Bit Assignments

Bit Name Description

15 ERROR Used to indicate that an error condi-
tion 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.
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Table 7 DLV11-F RBUF Bit Assignments (Cont)

Bit Name Description
Read-only bit; cleared by removing
the error-producing condition.
NOTE
Error indications remain present until the next
character is received, at which time the error
bits are updated. INIT clears the error bits.
14 OR ERR When set, indicates that reading of
(Overrun Error) the previously received character
was not completed (RCVR DONE
not cleared) prior to receiving a new
character.
Read-only bit. Cleared by INIT.
13 FR ERR When set, indicates that the charac-
(Framing Error) ter that was read had no valid stop
bit.
Read-only bit. Cleared by INIT.
12 P ERR When set, indicates that the parity
(Parity Error) received does not agree with the ex-
pected parity. This bit is always O if
no parity is selected.
Read-only bit. Cleared by INIT.
11-8 Not Used Reserved for future use.
7-0 RECEIVED Holds the character just read. If less
DATA BITS than eight bits are 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 Os.

Read-only bits; not cleared by IN!T.

NOTE
INIT = LSI-11 bus BINIT signal assertion.
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The word format for the DLV11-F XCSR register is shown in Figure 6
and functionally described in Table 8.

5

13 12 3] e

PBR
SEL
3

: | PBR | PBR | PBR
SEL | SEL | SEL | SEL RESERVED
2 | 0 | ENB

‘M"i j RESERVED
N8

RE
MA'NTLERVEO

BRE AK]

1-4967

Figure 6 DLV11-F XCSR Word Format

Table 8 DLV11-F XCSR Bit Assignments

Bit Name Description
15-12 PBR SEL When set, these bits choose a baud
(Programmable rate from 50-9600 baud. See Table
Baud Rate Select) 3.
Write-only bits.
11 PBR ENB This bit must be set in order to
(Programmable select a new baud rate indicated by
Baud Rate Enable) bits 12 to 15.
Write-only bits.
10-8 Not Used Reserved for future use.
7 XMIT RDY This bit is set when the transmitter
(Transmitter Ready) buffer (XBUF) can accept another
character. When set, it initiates an
interrupt sequence provided XMIT
INT ENB (bit 6) is also set.
6 XMIT INT ENB When set, allows an interrupt
(Transmitter sequence to start when XMIT RDY
Interrupt Enable) (bit 7) is set.
Read/write bits; cleared by INIT.
(See Note.)
5-3 Not Used Reserved for future use.
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Table 3 DLV11-F XCSR Bit Assignments (Cont)

Bit

Name

Description

MAINT

Not Used

BREAK

Used for maintenance function.
When set, connects the transmitter
serial output to the receiver serial
input while disconnecting the exter-
nal 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.
Reserved for future use.

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 to its

normal priority.

The word format for the DLV11-F XBUF register is shown in Figure 7
and functionally described in Table 9.

07 00

RESERVED

TRANSMITTER DATA BUFFER

1156155

Figure 7 DLV11-F XBUF Word Format
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Table 9 DLV11-F XBUF Bit Assignments

Bit Name Description
15-8 Not Used Not defined. Not necessarily read as
Os.
7-0 TRANSMITTER Holds the character to be trans-
DATA BUFFER ferred to the external device. If less

than eight bits are used, the charac-
ter 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-F on the backplane, first establish the
desired priority levei to determine the backplane slot in which the mod-
ule will be installed. Then, check that module configuration jumpers are
configured as required 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

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 Teletype®
Model 37 Teietypewriter and the Bell Data Set Model 103 (in auto
mode). The DLV11-F's EIA "data leads only” interface circuit is shown in
Figure 8 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.
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Figure 8 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 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 associated
DLV11-F jumpers are shown in Figures 9, 10, and 11.

NOTE
When the DLV11-F is used with teletypewriter
devices, a 0.005 uF capacitor must be installed.
(See Figure 1.)

FUNCTIONAL DESCRIPTION

General

Major functions contained on the DLV11-F are shown in Figure 12
Communications between the processor and the DLV11 are executed
via programmed |/O operations or interrupt-driven routines.
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Bus Interface

The bus interface circuit signal leveis 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 trans-
mitter or receiver interrupt vector and the 1/0 control logic can cause the
bus interface to transmit or receive data to or 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. If BBS7 L is asserted,
the circuit decodes BDALO3 L through BDAL12 L and asserts MATCH
H. Jumpers A3-A12 are configured to allow the option to respond to
specific device register addresses. Jumpers V3-V8 select the ootions’
interrupt vector.

1/0 Control Logic

When the I/0 control logic receives MATCH H from the bus interface, it
decodes tri-state bus lines DATOO H through DAT0O2 H and selects the
addressed device register. The 170 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 /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 1/0
control iogic. 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 operation.
Data is handled in the low byte of the registers. The buffer control circui-
try places receiver buffer error flag bits in the high byte of the REUF 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 full character of data has been received.
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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 proces-
sor (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 trans-
mitter 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 asserts
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 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
oscillator frequency by an amount selected by jumpers or the program.
The circuit can be jumpered to generate either independent transmitter
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 RO-R3 control the receive
baud rate and jumpers TO-T3 control the transmit baud rate. In common
speed operation, RO-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 re-
ceives a break signal from the peripheral device (normally a console
device), the RBUF control circuitry interprets the absence of stop bits as
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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 pe-
ripheral device, but no data is received from the peripheral in this main-
tenance 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 ElA-level data leads (no
modem control) or 20 mA current loop modes. When interfacing EIA-
level data leads (““data leads only’' operation), request to send, force
busy, and data terminal ready are held 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. Operation is jumper-selectable for
either active or passive operation of the transmitter and receiver circui-
try.

The peripheral interface also produces a reader run current to advance
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 +12 V from the backplane to produce -12
V 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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DLV11-J FOUR ASYNCHRONOUS SERIAL
INTERFACES

GENERAL

The DLV11-J is a 4-channel asynchronous serial line unit used to inter-
face peripheral equipment to an LSI-11 bus. The interface transmits and
receives data from the peripheral device over Electronics Industry Asso-
ciation (EIA) “data leads only"' lines which do not use control lines. The
module can be used with 20 mA current loop devices (with “reader-run”
capabilities) when the DLV 11-KA option is installed. 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, pub-
lic switched telephone facilities, or another local or remote processor.

FEATURES

Four independent serial line channels with unique bus device and
vector address assignments.

* Senal line compatibility with EIA RS-232C and RS-423, AS-422 or
20 mA current loop (depending on channel configuration and cable
selection).

e All channels may be configured for independent:

Crystal-controlled baud rates: 150, 300, 600, 1200, 2400, 4800,
9600. 19,200 or 38,400 bits per second. When using the DLV11-
KA option, 110 bit/s rate is available.

Character formats: 7 or 8 data bits, 1 or 2 stop bits, parity or no
parity, and even or odd parity.

* Channel 3 may be configured as a dedicated console device interface.

¢ Channel 3 break condition response of bootstrap, halt (console
emulator mode) or no response.

¢ Hardware and software equivalent to four DLV11s.

SPECIFICATIONS
Identification M8043

Size Double
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Power +5V £ 5%at10A
+12V £ 3%at0.25 A
Bus Loading
AC 1
DC 1

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 purpose.
The module is factory-configured and ready to use in most user appli-
cations. However, as a system requires different device register ad-
dresses and interrupt vectors or operations, the module may be
reconfigured. The DLV11-J module is factory-configured for the follow-
ing 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 O, 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 1 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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Table 1 Factory Jumper Configuration

Standard
Label Configuration Function Implemented
A12 Xto1 This arrangement of jumpers A5-A12
A11 Xto 1 implements the octal base device ad-
A10 Xto1 dress 1765XX, which is the assigned
A9 Xto1 address for channel O RCSR. The least
A8 XtoO significant digit is decoded on the mod-
A7 R ule during operation to address one of
AB | four SLU device registers as follows
A5 XtoO X = 0, RCSR
X = 2, RBUF
X = 4, XCSR
X = 8, XBUF
C1 Xto1 These jumpers are used to enable
Cc2 Xto1 channel 3 for console operation. Base
address must be 176500 (factory-con-
figured), 176540, or 177500 for the
console.
(Break XtoH This jumper determines channel 3
response) break response. The board is con-
figured for halt (console emulator
rmode) on break condition.
V7 1 This arrangement of jumpers V5-V7
V6 | implements the octal “‘base” vector of
V5 XtoO 300 with channel 3 at 60 and 64.
E XtoO QOdd parity These jumpers deter-
D Xto 1 8 data bits mine the word for-
S XtoO 1 stop bit mat used by the
P Xto 1 Parity inhibited  channel. All channels
are configured the
same at the factory.
0 OtoN 9.6K baud These jumpers deter-
1 TtoN 9.6K baud mine the baud rate
2 2toN 9.6K baud of the serial line
3 3toT 300 baud channel for same

baud rate daisy-
chain wire-wraps.
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Table 1 Factory Jumper Configuration (Cont)

Standard

Label Configuration Function implemented

NO-3 Xto3 These jumpers determine the EIA

MO-3 Xto 3 standard compatibility of the channel.
All channels are set at the factory to be
compatible to both EIA RS-423 and
RS-232C simultaneously.

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

R23 22 k) Channels 2 and 3, slew rate of 2 us

(used when configured for EIA RS-
423/R$-232C)

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 (O through 3) are:

Receive Control/Status Register (RCSR)
Receive Buffer (RBUF)
Transmit Control/Status Register (XCSR)
Transmit Buffer (XBUF)

Wire-wrap jumpers are configured to establish a “‘base’ address (BA) for
the module. This base address is the channel O RCSR address. The
device address format is shown in Figure 2. The remaining device ad-
dresses follow through 16 (total) contiguous word addresses; however,
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 177560-177566. For
console operation, the board's base address must be one of the follow-
ing:

176500 (factory-configured)
176540
177500

The floating address configurations are listed in Table 2 and the factory
or standard configuration addresses are listed in Table 3.
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Figure 2 Channel O RCSR Address Format

Table 2 Address Assignments (with Console Selected)

Device Associated

Address Register Vector

Channel O
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

Channei 2
BA+20 RCSR BV+20
BA+22 RBUF
BA+24 XCSR BV-+24
BA+26 XBUF




DLV11-J

Table 2 Address Assignments (with Console Selected) (Cont)

Device Associated
Address Register Vector
Channel 3*
177560 RCSR 60
177562 RBUF Console
177564 XCSR Selected
177566 XBUF 64

*Channel 3 is used as a console device.

Table 3 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

176560 RCSR

176562 RBUF 60

176564 XCSR Channel 3
176566 XBUF 64

Four word formats, one for each device register within a channel, are
shown in Figure 3 and described in Table 4. These word formats are
typical of all channels on the DLV11-J module.
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Table 4 DLV11-J Word Formats

Bit

Description

8/15

15

14

Receive Control/Status Register

Not used On read = C.

Receiver Done. Set when ar entire character has been re-
ceived and is ready for input to the processor. This bit is
automatically cleared when RBUF is read, when BINIT L
signal goes true ilow), or when reader enable bit is set.
Read-only bit.

If receiver interrupt enable (bit 6) is set, the setting of
receiver done starts an interrupt sequence.

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). Cieared under program control or by the BINIT
signal. Read/write bit.

Not used. On read = O.

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.

Receive Buffer

Channel Error Status. Logical OR of bits 14, 13, and 12.
Read-only bit.

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.

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 occur-
rence of an overrun error.
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Table 4 DLV11-J Word Formats (Cont)

Bit Description

13 Framing Error. When set, indicates that the character read
had no valid stop hit.

Cleared by BINIT signal. Read-only bit.

12 Parity Error. When set, indicates that the parity received
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
received, at which time the error bits are up-
dated.

8-11 Not used. On read = 0.

0-7 Data bits. Contains seven or eight data bits in a right-justi-
fied format. Bit 7 = O when 7 data bits are enabled. Read-
only bits.

Transmit Control/Status Register

8-15 Not used. On read = 0.

7 Transmit Ready. Set when XBUF is empty and can accept
another character for transmission. It is also set by INIT dur-
ing 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 on interrupt sequence.

6 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 trans-
mission). ’

The bit is cleared under program control, during power-up
sequence, or reset instruction. Read/write bit.

1-5 Not used. On read= 0.
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Table 4 DLV11-J Word Formats (Cont)

Bit Description

0] Transmit Break. Set or reset under program control. When
set, a continuous space level is transmitted. However, trans-
mit 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
8-15 Not used. On read = 0.

0-7 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 similar
to that used when configuring the base device register address; the con-
figured base vector is the channel O receiver interrupt vector. Each inter-
rupt vector references two word locations in memory (the program
counter address and the processor status word). Hence, sequential vec-
tors appear in increments of four.

The module 1s 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 4 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 DLV 11-J module is structured as follows:

Interrupt Priority Requesting Function
1 (highest) Channel O, receiver
2 Channel 1, receiver

3 Channel 2, receiver
4 Channel 3, receiver
5 Channel O, transmitter
6 Channe! 1, transmitter
7 Channel 2, transmitter
8 (lowest) Channel 3, transmitter
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NOTE
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S 1 1 1 1 i T 1 1 i . ..
CHANNEL 0~ RECEIVER
REQUESTING INTERRUPT
H INTERRUPT 1. TRANSMITTER
10-3) INTt RRLPT
FACTORY CONFIGURED ‘'
BASE INTERRUPT VECTOR ! 10
ADDRESS = 300 [
TWO WIRE WRAP
POSTS ARE PROVIDED
FOR EACH BIT
JUMPER IN = 1
JUMPER OUT = 0
THREE WIRE WRAP
POSTS ARE PROVIDED
FORBIT V5
JUMPER X TO 1 =1
JUMPER X TO 0 = 0 WITH CONSOLE
NO JUMPE R = 0 WITHOUT CONSOLE
RANGE 0-377g (040g NOT ALLOWED IN CONSOLE MODE)
[

Figure 4 Interrupt Vector Format

Table 5 Summary of Vector Jumper Configurations

Label Logical 1 Logical O

V7 Jumper installed. Jumper removed.

V6 Jumper installed. Jumper removed.

V5 Jumper installed from Console not selected: jumper
wire-wrap post X to 1. removed.

Console selected: jumper in-
stalled from wire-wrap post X
to O.
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Table 6 Vector Assignments (with Console Selected)
(Factory Configured)

Standard Address Interrupt Vector

300 |Module Base Vector (BV)| Channel O, 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. All addresses are in octal notation.

Character Formats

Each of the four channels may be independently configured for various
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
38400 bits per second. One baud rate clock input wire-wrap pin is pro-
vided for each channel (O 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 required for each chan-
nel. 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 associated labels.
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Table 7 Character Format Jumpers

Channel Wire-wrap Connection
Label Parameter XtoO Xto1 Comments
D No. of data bits 7 bits 8 bits LSB transmitted first
S No. of stop bits 1 bit 2 bits
P Parity inhibit Parity generation and detec- Parity bit deleted; parity error
tion enabled =0
£’ Even parity en- Odd parity expected Even parity expected Onily when P=0
abled

* Jumper must be installed to O or 1 even if no parity is selected.
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Table 8 Baud Rate Generator Outputs

Wire-Wrap Baud Rate
Pin Label (Bits/Second)
u 150

T 300

Vv 600

W 1,200

Y 2,400

L 4,800

N 9,600

K 19,200

z 38,400

When using the DLV 11-KA option, 110 bits/s 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 con-
figured on the module for the desired channel.

Console Device Selection

Channel 3 of the DLV11-J module may be independently dedicated for
console device operation. To accomplish this, the console select ,umpers
must be properly configured. Table 9 gives channel 3 configuration in-
structions. When configured for console operation, the device aadresses
are 177560-177566 and the interrupt vectors are 60 and 64.

Table 9 Summary of Console Selection Jumper Configurations

Label Console Selected Console Not Selected

Cc1 Install jumper from wire- Install jumper from wire-wrap
wrap pins X to 1. pins X to O.

Cc2 Install jumper from wire- Install jumper from wire-wrap
wrap pins X to 1. pins X to 0.

Break Response

Channel 3 may be configured to either bootstrap, halt (console emulator
mode), or have no response to a receive break condition. A bootstrap
operation upon a receive break condition will cause the processor to
execute the bootstrap program starting at the memory location defined
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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. Con-
figuration instructions are given on Table 1C.

Table 10 Channel 3 Break Operation Jumper Summary

Break

Operation

Response Jumper Connecticn

Boot” Instal! jumper between wire wraps X to B
Halt install jumper between wire wrap pins X to H
No Response No jumpear installed.

* Do not send continual breaks to a system so configured, as it will cause contin-
ued reinitializing of any device on the bus.

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 Table 11.

FUNCTIONAL DESCRIPTION

General

The DLV11-J module is designed 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 con-
figured, 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 DLV 11-J can support devices which contain program-con-
trolled paper tape readers (such as DIGITAL's LT33 Teletypewriters or
the ASR33 Teletypewriter with the LT33 modification kit.}
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Table 11 Summary of Serial Channel Signal 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

Termination Re-
sistor {one per
channel)

Wave-Shaping
Resistor (one per
channel pair;
channel pairs O
and 1; 2 and 3)

Fuse F1

and 2.

Install a 100 2, 1/4 W,
non-wire wound, fusible
resistor.

and 3.

Install resistor from Table
12 (1/4 W non-wire
wound).

and R for program-con-
trolled paper tape reader.

Install 1.0 A Pico fuse
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Table 12 EIA RS-423 and RS-232C
Slew Rate Resistor Values

Baud Rate R10 or R23
38.4 KB 22 k)
19.2 KB 51 k{2
9.6 KB 120 k{2
4.8 KB 200 k2
2.4 KB 430 k{2
1.2 KB 820 k{2
600 1 MQ
300 1 MQ
150 1 MQ
110 1 MQ

During operation, the module is required to convert data from parallel to
serial and serial to parallel. To accomplish this, a universal asynchronous
receiver/transmitter (UART) is employed. When performing this con-
version, the UART must also alter the speed and character format for the
data (tc 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 5.

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

The receiver section performs serial-to-parallel conversion of data 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 trans-
mission as it enters the receive buffer. The error flags, when set, will not
interrupt operation, but they are available to the programmer when read-
ing 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 be-
fore 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 common clock to both buffers of
the channel.

The speed at which a channel will operate is configured by the selection
of wire-wrap jumpers which supply the desired baud rate clock. The
clock is developed by a crystal-controlled oscillator driving a frequency
division chip. The outputs of the frequency division chip are connected to
wire-wrap posts which may be selected when configuring the chan-
nel(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 periph-
eral device cable; no baud rate jumper may be configured on the module
for the 110 baud channel.

1/0 Control Logic

The 170 control logic directs data transfers between the computer and
the DLV 11-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 /0 control logic during 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 I/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 I/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. Simuita-
neously, the address compare circuit and the bus interface circuit supply
the address latch with the MATCH H signal (if the board address is
correct). The address and the MATCH H signal 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 |I/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 in-
put (BDAL 5, 8-12 L). If the addresses are the same, the address com-
pare circuit generates a portion of the MATCH H signa!. (The remainder
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 transmitted
from the bus interface to the address compare circuit te force console
address recognition.

Bus Interface

The moduie contains bus drivers and receivers which interfere directly
with the LSI-11 bus. This allows data movement between the 1SI-11
bus and the module’s internal tri-state bus. These drivers also have the
ability to transmit vector addresses received from the interrupt vector
generation logic onto the LSI-1" bus.
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If the LSI-11 bus holds an address within the 1/0 page, the BBS7 L
sigrial line is asserted. This will cause the bus interface circuit of the
DLV11J 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 iatch. 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 nterface (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 will force a console
address recognition.

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 interrupts: a
receiver interrupt and a transmitter interrupt. These interrupts are han-
dled through separate receiver and transmitter channels.

For an interrupt transaction to occur, the program must set the interrupt
enable bit (bit 6) in the control/status register (CSR). Next, the interrupt
logic must recognize a condition requiring service (indicated by the set-
ting of bit 7 within the CSR) and then assert the interrupt request line
(BIRQ L) on the LSI-11 bus. When the interrupt is acknowledged 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 gener-
ation logic creates a vector function address which may be modified by
the user-configured ‘base vector” address jumpers (V5-7). This modi-
fied 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 transfer 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 to initialize the
DLV11-J module. On a system power-up sequence, the processor cre-
ates 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).
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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 control
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 O), set by program and used only with the DLV11-KA op-
tion.

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 in-
stead, it sets the framing error (FE) flag. The BREAK signal is a contin-
uous 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 1.¢2 2 control line BDCOK H;
BDCOK H indicates to the processor that dc poweris "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.

CAUTION
If the system is using MOS memory, data may
be lost when BDCOK H is negated because this
action interrupts the memory refresh cycle. If
the jumper is not installed, the module will not
take action.
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Peripheral interface

Each Si.U channel of the DLV 11-J moduie can be independently con-
figured or line signai compatinility with EIA RS-232C and RS-423, RS-
422 or 20 mA current loop operation (Figure 6). Each of the four inter-
faces may be configured to support 20 mA current loop devices with the
additior: of the DLV 1 1-KA option. When installed, the peripheral inter-
face supplies ail power supply voltages needed by this option. If the 20
mA dev:ce contains a paper tape reader that can be program-controlled
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Figure 6 Typ:cal Peripheral Interface
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(such as DIGITAL's LT33 or an ASR33 Teletypewriter with LT33 modifi-
cation kit), the interface can be configured to advance the reader one
character at a time.

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 DLV 11-J module and to supply the DLV11-KA 20
mA option. The power converter circuit consists of a crystal-controlled
oscillator which drives a charge pump. The charge pump during oper-
ation supplies the desired power supply output voltage.
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DRV11 PARALLEL LINE UNIT

GENERAL

The DRV 11 is a general-purpose interface unit used for connecting par-
allel 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. Device address is user-
assigned and control/status registers (CSR) and data registers are com-
patible with PDP-11 software routines.

FEATURES

* 16 diode-clamped data input lines

e 16 latched output lines

e 16-bit word or 8-bit byte programmed data transfers
* 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 LSI-11
bus

e Control/status registers (CSR) and data registers that are compatible
with PDP-11 software routines

* 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

* Program-controlled data transfer rate of 40K words per second (max-
imum)

SPECIFICATIONS
Identification M7941

Size Double
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Power 50Vdc £ 5%at0.9 A
Bus Loads

AC 1.4

DC 1.0
CONFIGURATION

The following paragraphs describe how the user can configure the mod-
ule by inserting or removing jumpers (Figure 1) so that it will function
within his system. The jumpers, listed in Table 1, indicate the factory
configuration when shipped.

()

VECTOR JUMPERS

ADDRESS JUMPERS Sty ., St2

Y

OPTIONAL EXTERNAL
CAPACITOR

a [

MR- 2805

M7941 ETCH REV C

Figure 1 DRV11 Jumper Locations
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Table 1 DRV11 PLU Factory Jumper Configuration

Jumper Jumper
Designation State”

Function Implemented

A3 R This arrangement of jumpers A3 through A12
A4 R assigns the device address 16777X to the PLU.
A5 R This address is the starting address of a reserved
A6 R block in memory bank 7 which is recommended
A7 R for user device address assignments. The least
A8 R significant digit X is hardwired on the module to
A9 R implement the three PLU device addresses as
A10 R follows:
A11 R X = 0 DRCSR address
A12 I X = 2 Output buffer address

X = 4 |Input buffer address
V3 | This factory-installed jumper configuration im-
V4 | plements the two interrupt vector addresses
V5 | 300 and 304 for use as defined by application
V6 R requirements.
V7 R
‘R = Removed, | = Installed

Device Address

Addresses for the DRV 11 can range from 16000X through 17777X. The
three least significant bits are predetermined for the other DRV 11 regis-
ters as shown in Table 2 and Figure 2. Addresses within 177560 to
177566 are reserved for the console device and should not be used for

the DRV 11
Table 2 Standard Assignments
First Second
Read/ Module  Module
Description Mnemonic  Write Address Address
Registers
Control and Status DRCSR R/W 167770 167760
Output Buffer DROUTBUF R/W 167772 167762
Input Buffer DRINBUF R 167774 167764
Interrupt
Request A REQ A - 300 310
Request B REQ B - 304 314
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Figure 2 DRV11 Device Address Selection

Jumpers for bits 3 through 12 are installed or removed to produce the
16-bit address word shown in Figure 2. The appropriate jumpers are
removed to produce logical 1 bits, and the appropriate jumpers are
installed to produce logical O bits.

Vectors

The two vectors are selected within the range of 000 to 374 by using
jumpers V3 to V7. Vector bits 3 through 7 are selected by the user to
form the vector as described in Figure 3. The factory configuration sets
the interrupt vector for 300 as shown in Table 2 and Figure 3.

15 8 7
T T T g
o | o o 0 o o o o o<
L deiogeqoeye] TN
\ ,
I i | | (oRCsai
Lo s o REQUESTING DEV

s — tREQB
VECTO® LUMFERS

INSTALLED:O
REVOVED =1

Figure 3 DRV11 Interrupt Vector
Registers

The word format for the control and status register (DRCSR) is shown in
Figure 4 and described in Table 3.

15 3 7 5 S s
[ ] ] ] i ] ] i 1
DRCSR ! ) i i . | ; ! i
| I N N R P I .I
;‘ i ,
REQUEST B REQUEST A INTENB B CSR i
{READ ONLY) (READ ONLY! (REZD/WRITE) (REAC/ W= TL?}
INT = NB A CSR2
(READ WRITE (READ/WRITEY

LRI

Figure 4 DRCSR Word Format
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Table 3 DRCSR Word Formats

Bit

Description

15

14-8

4-2

Request B. This bit is under control of the user’s device and
may be used to initiate an interrupt sequence or to generate
a flag that may be tested by the program.

When used as an interrupt request, it is asserted by the ex-
ternal device and initiates an interrupt provided the INT ENB
B bit (bit 5) is also set. When used as a flag, this bit can be
read by the program to monitor external device status.

When the maintenance cable is used, the state of this bit is
dependent on the state of CSR1 (bit 1). This permits check-
ing interface operation by loading a O or 1 into CSR1 and
then verifying that Request B is the same value.

Read-only bit. Cleared by INIT when in maintenance mode.
Not used. Read as O.

Request A. Performs the same function as Request B (bit
15) except that an interrupt is generated only if INT ENB A
(bit 6) is also set.

When the maintenance cable is used, the state of Request A
is identical to that of CSRO (bit 0).

Read-only bit. Cleared by INIT when in maintenance mode.

INT ENB A. Interrupt enable bit. When set, allows an inter-
rupt request to be generated, provided Request A (bit 7)
becomaes set.

INT ENB B. Interrupt enable bit. When set, allows an inter-
rupt sequence to be initiated, provided Request B (bit 15)
becomes set.

Not used. Read as O.
CSR1. This bit can be loaded or read (under program con-

trol) and can be used for a user-defined command to the
device (appears only on connector no. 1).
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Table 3 DRCSR Word Formats {Cont)

Bit Description

When the maintenance cable is used, setting or clearing this
bit causes an identical state in bit 15 (Request B). This per-

mits checking operation of bit 15 which cannot be foaded by
the program.

Can be loaded or read by the program (read/write bit).
Cleared by INIT.

0] CSRO. Performs the same functions as CSR1 (bit 1} but ap-
pears only on connector no. 2

When the maintenance cable is used, the state of this bit
controls the state of bit 7 (Request A).

Read/write bit; cleared by INIT.

The word format for the transmit output buffer (DROUTBUF) is shown in
Figure 5 and defined in Table 4.

: ‘ [ ' * |
DROUT BUF | ; i |

R
DATA OuUT
{READ/WRITE;

PERSI

Figure 5 DROUTBUF Word Format

Table 4 DROUTBUF Word Format

Bit Description

15-0 Output Data Buffer. Contains a full 16-bit word or one or
two 8-bit bytes: high byte = 15-8; low byte = 7-0.

Loading is accomplished under a program-controlled DATO
or DATOB bus cycle. It can be read under a program-con-
trolled DATI cycle.
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The word format for the receiver input buffer (DRINBUF) is shown in
Figure 6 and defined in Table 5.

o
B
z
E
T 1.
L
[ S——
—

DATA IN
(REA2 ONLY}

MR-0812

Figure 6 DRINBUF Word Format

Table 5 DRINBUF Word Format

Bit Description

15-0 Input Data Buffer. Contains a full 16-bit word or one or two
8-bit bytes. The entire 16-bit word is read under a program-
controlled DATI bus cycle.

Installation

Prior to installing the DRV 11 on the backplane, first establish the desired
priority level for the backplane slot installation. Check that proper device
address vector jumpers are installed. The DRV11 can then be installed
on the backplane. Connection to the user’s device is via optional cables.

Interfacing to the User’'s Device

Interfacing the DRV 11 to the user’'s device is via the two board-mounted
H854 40-pin male connectors. Pins are located as shown in Figure 7.
Signal pin assignments for input interface J2 (connector no. 2) and out-
put interface J1 (connector no. 1) are listed in Table 6. Optional cables
and connectors for use with the DRV 11 include:

BCO8R-01 - Maintenance cable; 40-conductor flat with H856 con-
nectors on each end.

BCO7D-X* - Signal cable; two 20-conductor ribbon cables with a
single H856 connector on one end; remaining end is terminated by
the user. Available in lengths of 3, 4.6, and 7.6 m (10, 15, and 25 ft).

*The -X in the cable number denotes length in feet, -10, -12, -20. For example, a
10-ft BCO7D cable would be ordered as BCO7D-10.
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BCO4Z-X"* ~ Flat 40-conductor signal cable with a single H856 con-
nector on one end; remaining end is terminated by the user. Available
in lengths of 3, 4.6, and 7.6 m (10, 15, and 25 ft)

BCV11-X" - Flat, 40-conductor, twisted pair cable with a single
H856 connector on one end. The remaining end is connected by the
user. Available in lengths of 1.5, 3, 4.6 6.1.and 7.6 m (5. 10. 15. 20,
and 25 ft).

H856 - Socket, 40-pin female, for user-fabricated cables.

When using the BCO7D cable, connect the free end of the nbbon cables
using the wiring data contained in Table 7. Refer to the Hard-
ware/Accessories Catalog for additional optional interface accessories.

H854
CONNECTOR -

H856 CONNECTOR —

Figure 7 J1 or J2 Connector Pin Locations

*The -X in the cable number denotes length in feet, -10, -12, -20. For example. a
10-ft BCO7D cable would be ordered as BCO7D-10.
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Table 6 DRV11 Input and Output Signal Pins

Inputs Outputs
Signal Connector Pin Signal Connector Pin
INOO  J2 T OouTOo0 J1 C
INO1 J2 LL OuUTO1 J1 K
INO2 J2 H, E ouT02 J1 NN
INO3  J2 BB ouTo3 J1 U
INO4  J2 KK ouTO4 J1 L
INO5  J2 HH OuUTO05 J1 N
INO6  J2 EE ouTOo6 J1 R
INO7  J2 CcC ouTo7 J1 T
INO8  J2 z ouTo8 J1 w
INO9 J2 Y ouTo9 J1 X
IN1TO  J2 w OuT10 J1 z
IN11 J2 Vv OouT11 J1 AA
IN12  J2 U ouT12 J1 BB
IN13  J2 P ouT13 J1 FF
IN14  J2 N ouT14 J1 HH
IN16  J2 M ouT15 J1 JJ
REQB J2 S REQ A J1 LL
DATA J2 (o} NEW DATA U1 \'AY
TRANS RDY
CSRO J2 K CSR1 J1 DD
INIT J2 RR. NN JINIT J1 P

Table 7 BCO7D Signal Cable Connections

Wire Cable 1 (connector pins B-VV)| Cable 2 (connector pins A-UU)
Coior Pins J1 Signal J2 Signal |Pins J1 Signal J2 Signal
bik B  open open A open open

brn D open open Cc OUTOO DATA TRANS
red F  open open E open INO2

orn J GND GND H open INO2

yel L ouTo4 GND K OUTO0l1 CSRO

grn N 0UTO05 IN14 | M GND IN15

blu R 0OUTO06 GND P INIT IN13

vio T 0uUTo7 GND S GND REQ B

gry ¥V GND IN11 U OUT03 IN12
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Table 7 BCO7D Signal Cable Connections (Cont)

Wire Cable 1 (connector pins B-VV)| Cable 2 (connector pins A-UU)
Color Pins J1 Signal J2 Signal [Pins J1 Signal J2 Signal

wht X 0uUT09 GND W OuTO08 IN10

blk z QOuUT10 INO8 Y GND INO9

brn BB O0UT12 INO3 AA OUT11 GND

red DD CSR1 GND cc GND INO7

orn FF  OUT13 open EE GND INO6

yel JJ  OUT15 GND HH OUT14 INO5

grn LL REQA INO1 KK GND INO4

blu NN OUT02 INIT MM GND GND

vio RR 0UTO02 INIT PP GND GND

gry TT open INOO SS GND GND

wht VV  New DATA  open uu GND GND

RDY

Output Data Interface

The output interface is the 16-bit buffer (DROUTBUF). It can be either
loaded or read under program control. When loaded by a DATO or DA-
TOB bus cycle, the NEW DATA RDY H pulse is generated to inform the
user's device of the data transfer. The trailing edge of this positive-going
pulse should be used to strobe the data into the user’s device in order to
allow data to settle on the interface cable. The system initialize signal
(BINIT L) will clear DROUTBUF.

All output signals are TTL levels capable of driving eight unit loads ex-
cept for the following:

New Data Ready = 10 unit loads
Data Transmitted = 30 unit loads
INIT (Initialize) = 10 units per connector

Input Data Interface

The input interface is the 16-bit DRINBUF read-only register, comprising
gated bus drivers that transfer data from the user’s device onto the LSI-
11 bus under program control. DRINBUF is not capable of storing data;
hence the user must keep input data on the IN lines until read by the
processor. When read, the DRV11 generates a positive-going DATA
TRANS H pulse which informs the user’s device that the data has been
accepted. The trailing edge of the pulse indicates that the input transfer
has been completed.
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All input signals are one standard TTL unit loads; inputs are protected by
diode clamps to ground and +5 V.

Request Flags

Two signal lines (REQ A H and REQ B H) can be asserted by the user’s
device as flags in the DRCSR word. REQ B is available via connector no.
2, and it can be read in DRCSR bit 15. REQ A is available via connector
no. 1, and it can be read in DRCSR bit 7. Two DRCSR interrupt enable
bits, INT ENB A (bit 6) and INT ENB B (bit 5), allow automatic gener-
ation of an interrupt request when their respective REQ A or REQ B
signals are asserted. Interrupt enable bits can be set or reset under pro-
gram control.

In a typical application, REQ A and REQ B are generated by request flip-
flops in the user’s device. The user’s request flip-flop must be set when
servicing is required and must be cleared by the trailing edge of NEW
DATA RDY or DATA TRANS when the appropriate data transaction has
been completed.

This timing is shown in Figure 8. The logic required by the user to imple-
ment this is shown in Figure 9. The logic consists of a flip-flop that is set
by the User Request pulse, which indicates that the user’s device is

{data "> data=1
OROUTBUF e e e m e — — e m o -~ $ 2
COUT@D OLTI5> are set /reset /\/
by the DRV !' under controi of {data=@> N =
the 11/03 \_-____4__._«”_'0_02

NEW DATA READY

Pulsed by DRVI! when the
11703 writes data fo the DRV 11

i
WRITE CATA TO BUFFER — L—TRAILING EOGE, DATA STABLE
1
|
REQUEST A
Set by user when ready for new data e WAIT FOR A RESPONSE TO
from 11/03, reset b! user upon THE INTERRUPT REQUEST
trailing edge of NEW DATA READY |
I
| |
DRCSR T +—
Cbit 6> Interrupt Enable A | |
Set by user tc allow interrupt-driven i |
data tronsfer B 1 |
| 1
| |
| !
DRCSR
< bit 7> Request A tiog
Indicates state of REQUEST A line

11-4589

Figure 8 DRV11 Interface Signal Sequence
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USER REQUEST A*

RQST A H

7474

L
NEW DATA RDYH’—D‘-C 0

Y

A INIT H

¥

USER REQUEST B*

RQST B H

DATA TRANS H

B INIT H

VY.

*SEE NOTE IN TEXT

MP 1276

Figure 9 User Request Logic

requesting a transfer. The flip-flop is reset by the trailing edge of the
NEW DATA RDY signai or the DATA TRANS signal.

NOTE

The User Request signal must return to the
“high’" state prior to the occurrence of the trail-
ing edge of NEW DATA RDY or DATA TRANS.
The leading edge of NEW DATA RDY or DATA
TRANS can be used for this purpose. In most
appiications, a pulse on the User Request line of
less than 10 us is adequate.
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Initialization

The BINIT L processor-generated initialize signal is applied to DRV 11
circuits for interface logic initialization. It is also available to the user's
circuits via connectors J1 and J2 as follows:

Connector/Pin Signal

J17P AINITH
J2/RR BINIT H
J2/NN BINITH

An active BINIT L signal will clear: DROUTBUF data; DRCSR bits 6, 5,
1. O0; bits 16 and 7 (when the rmaintenance cable is connected); and
interrupt request and interrupt acknowledge flip-flops.

NEW DATA RDY and DATA TRANS Pulse Width Modification
An optional capacitor can be added by the user to the DRV11 module to
extend the pulse width of both the NEW DATA RDY and DATA TRANS
pulse widths. The capacitor can be added in the location shown in Figure
1 to produce the approximate pulse widths listed below.

Optional External Approximate Pulse Width (ns)
Capacitance (uF) NEW DATA RDY DATA TRANS
None 350 1150

0.0047 750 1550

0.01 1550 2400

0.02 2330 3200

0.03 3150 3900

BCO8R Maintenance Cable

When using the optional BCO8R maintenance cable, the connections
listed in Table 8 are provided. Cable connectors P1 and P2 are con-
nected to DRV 11 connectors J1 and J2, respectively. Note that CSRO
(J2-K), which can be set or reset under program control, is routed to the
REQ A input (J1-LL); similarly, CSR1 (J1-DD) is routed to REQ B (J2-S).
Hence, a maintenance program can output data to DROUTBUF and read
the same data via the cable and DRINBUF. DRCSR bits O (CSRO) and 1
(CSR1) can be used to simulate REQ A and REQ B signals, respectively.
If the appropriate INT ENB bit (DRCSR bits 5 or 6) is set, the simulated
signal will generate an interrupt request. Note that the BCO8R cable
must incorporate a half-twist when connected to J1 and J2.

2-185



oAavil

Table 8 BCOSR Maintenance Cabie Signal Connection
J2 J1

Pin Name Pin Name
A% OPEN A OPEN
uu GND B OPEN
TT INOO Cc OuUTOG
SS GND D OPEN
RR INITH E OPEN
PP GND F OPEN
NN INITH H OPEN
MM GND J GND
LL INO1 K ouUTOo1
KK INO4 L ouTo4
JJ GND M GND
HH INO5 N ouTos
FF OPEN P INIT H
EE INO6& R OouUTO06
DD GND S GND
cc INO7 T ouTo7
BB INO3 U ouTo3
AA GND \ GND
4 INO8 W ouTo8
Y INO9 X OouUTO09
X GND Y GND
W IN10 VA OouT10
\ IN11 AA OUT11
6] IN12 BB OuUT12
T GND cC GND
S REQ B DD CSR1
R GND EE GND
P IN13 FF ouT:3
N IN14 HH OuUT14
M IN15 JJ OuUT15
L GND KK GND
K CSRO LL REQ A
J GND MM GND
H INO2 NN ouTO02
F OPEN PP GND
E INO2 RR ouTo2
D OPEN SS GND
Cc DATA TRANS TT OPEN
B OPEN uu GND
A OPEN A% NEW DATA RDY
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FUNCTIONAL DESCRIPTION

Genreral

Mejor functicns cortainer o0 the DRV T moduic are shiowr in Figure
10 Coemmunications betweern the processor and the LRV are oxe-
cutza da programmed VO oneratong or interr t-dnven routines,

™

T
el DROUTEUF e S ——
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¥
i
§
i
i
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1
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;
|

oane

Figure 10 DRV1i1 Parallel Line Unit

The DRV?1 is capable of storing one 16-bit output word or two 8-bit
output bytes in DROUTBUF The stored date (GUTO-15 H) is routed to
the user’'s device via an optional I/0 cable connected to J1. Any pre-
grammed operation that loads either a byte or 2 word in DROUTBUF
causes a NEW DATA RDY H signai 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 usss only the high
or low byte. When the data is taken by the processor, a DATA TRANS H
puise s sent to the user’s device to inform the device o/ the data trans-
fer

Addressing

When addressing a peripheral device interface such as the DRV 11, the
processor places an address on BDALO-15 L, which is received and
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distributed as BRDO-15 H in the DRV 11. 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 I/0 control logic operation.
At the same time, function selectior logic stores address bits BRDO-2.

NOTE
When addressed, the DRV11 always responds
to either BDIN L or BDOUT L by asserting
BRPLY L (L = assertion).

Function Selection

Function selection and I/0 control logic monitors the ME signal and bus
signals BDIN L BDOUT L, and BWTBT L. It responds by generating
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/O operation. Since the
DRV11 appears to the processor as three addressable registers (DRCSR,
DROUTBUF, and DRINBUF) that can be involved in either word or byte
transfers, the three low-order address bits stored during the addressing
portion of the bus cycle are used for function selection. The select sig-
nals relative to 1/0 bus control signals and address bits 0-2 are listed in
Table 9.

Function selection is performed by a ROM located at E15 on the DRV 11.
The inputs to this ROM consist of the address bits and other LSI-11 bus
signals as shown at the top of Table 9. This table shows the functions
performed by the ROM outputs for a specific input condition. For
example, when the output buffer is addressed by the processor, the last
octal digit is decoded by the ROM to provide the SEL2IN L and the RPLY
L signals. The RPLY L signal is delayed and becomes the BRPLY L sig-
nal. The SEL2IN L signal is used by the DRV11 logic to enable the
contents of the output buffer register to be placed on the data lines of
the LSI-11 bus so that the processor can read the data.

NEW DATA READY H is active for the duration of BDOUT L when in a
DROUTBUF write operation. This signal is normally active for 350 ns.
However, by adding an optional capacitor in the BRPLY L portion of the
circuit, the leading edge of BRPLY is delayed, effectively increasing the
duration of the NEW DATA RDY H pulse; adding the capacitor also
increases the DATA TRANS H pulse width by approximately the same
amount.

DATA TRANS H is active for the duration of BDIN L when in a DRINBUF
read operation. This signal is normally active for 1150 ns. The time,
however, can be extended by adding the optional capacitor to the
BRPLY L portion of the circuit as previously described.
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Table 9 DRV11 Device Function Decoding

BWTBT L
Programmed Stored Device During Bus Cycle
Operation Addr. Bits 0-2 Data Transfer BDIN L BDOUT L Type Select Signals
. 0 0 H L DATO
Write DRCSR 0 1 H L DATOB SELOOUT L
Read DRCSR 0 0 L H DATI or SELOIN L
DATIO
Write
DROUTBUF
Word 2 0 H L DATO SEL20UT
(W+ HB) L,
SEL20UT
(W + LB) L, and
NEW DATA
READY H
Low Byte 2 1 H L DATOB SEL20UT
(W + LB) Land
NEW DATA
READY H
High Byte 3 1 H L DATOB SEL20UT
(W 4 HB) L and
NEW DATA
READY H
Read 2 0 L H DATI or SEL2IN L
DROUTBUF DATIO
Read 4 0] L H DATI SEL4IN L and

DRINBUF

DATA TRANS H
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Read Data Multiplexer

The read data multiplexer selects the proper data and places it on the
BDAL bus when the processor inputs DRCSR, DROUTBUF or interrupt
vectors; DRINBUF contents are gated onto the bus separately. The
select signals (previously described) and VECTOR H, produced by the
interrupt logic, control read data selection.

DRCSR Functions

The control/status register (DRCSR) is comprised of separate functions.
Four of the six significant DRCSR bits can be involved in either write or
read operations. The remaining two bits, 7 and 15, are read-only bits
that are controlled by the external device via the REQ AH and REQ B H
signals, respectively. The four read/write bits are stored in the 4-bit CSR
latch. They represent CSRO and CSR1 (DRCSR bits O and 1, respec-
tively), which can be used to simulate interrupt requests when used with
an optional maintenance cable. INT ENB A and INT ENB B (bits 6 and 5,
respectively) enable interrupt logic operation. Note that CSRO and CSR1
are available to the user’'s device for any user application.

DRINBUF Input Data Transfer

DRINBUF is an addressable 16-bit read-only register that receives data
from the user’s device for transmission to the LSI-11 bus. Data to be
read is provided by the user’s device on the INO-15 H signal lines. Since
the input buffer consists of gating logic rather than a flip-flop register,
the user’'s device must hold the data on the lines until the data input
transaction has been completed.

The input data is read during a DATI sequence while bus drivers are
enabled by the SEL4IN L signal. The DATA TRANS pulse that is sent to
the user’s device by the function select logic informs the device of the
transaction. Input data can be removed on the trailing edge of this pulse.

DROUTBUF Output Data Transfer

DROUTBUF comprises two 8-bit latches, enabling either 16-bit word or
8-bit byte output transfers. Two SEL2 signals function as clock signals
for the latches. When in a DATQ bus cycle, both signals clock data from
the internal BRDO-15 H bus into the latches. However, when in a
DATOB cycle, only one signal clocks data into an 8-bit latch, as deter-
mined by address bit O previously stored during the addressing portion of
the bus cycle.

The NEW DATA RDY H pulse generated by the function select logic is

sent to the user’s device to inform the device of the data transaction. The
data can be input to the device on the trailing edge of this pulse.
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Interrupts

The DRV11 contains LSI-11 bus-compatible interrupt logic that allows
the user’'s device to generate interrupt requests. Two independent inter-
rupt request signals (REQ A H and REQ B H) are capable of requesting
processor service via separate interrupt vectors. In addition, DRCSR con-
tains two interrupt enable bits (INT EN A and INT EN B) (bits 6 and 5,
respectively), which independently enable or disable interrupt requests.
REQ A and REQ B status can be read by the processor in DRCSR bits 7
and 15, respectively. Since separate interrupt vectors are provided for
each request, one of the requests could be used to imply that device data
is ready for input and the remaining request could be used to imply that
the device is ready to accept new data.

An interrupt sequence is generated when a DRCSR INT EN bit (A or B) is
set and its respective REQ signal is asserted by the device. The proces-
sor responds (if its PS bit 7 is not set) by asserting BDIN L; this enables
the device requesting the interrupt to place its vector on the BDAL bus
when the interrupt request is acknowledged. The processor then asserts
BIAKO L, acknowledging the interrupt request. The DRV 11 receives
BIAKI L and the interrupt logic generates VECTOR H, which gates the
jumper-addressed vector information through the read data multiplexer
and bus drivers and onto the LSI-11 bus. The processor then proceeds to
service the interrupt request.

Maintenance Mode

The maintenance mode allows the user to check DRV 11 operation by
installing an optional BCO8R cable between connectors J1 and J2. This
maintenance cable allows the contents of the output buffer DROUTBUF
to be read during a DRINBUF DATI bus cycle. In addition, interrupts can
be simulated by using DRCSR bits CSRO and CSR1. CSR1 is routed via
the cable directly to the REQ B H input and CSRO is routed to the REQ A
H input. By setting or clearing INT EN A, INT EN B, and CSRO and CSR1
bits in the DRCSR register, a maintenance program can test the interrupt
facility.

Initialization

BINIT L is received by a bus driver, inverted, and distributed to DRV 11
logic to initialize the device interface. The buffered initialize signal is
available to the user’s device via the AINIT H and BINIT H signal lines.
DRV 11 logic functions cleared by the BINIT signal include DROUTBUF,
DRCSR (bits 0, 1, 5, and 6). and interrupt logic.
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DRV11-B DMA INTERFACE

GENERAL

The DRV11-B is a general-purpose direct memory access (DMA) inter-
face used to transfer data directly between the LSI-11 system memory
and an /0 device. The interface is programmed by the processor to
move variable length blocks of 8- or 16-bit data words to or from speci-
fied locations in memory by means of the LSI-11 bus. Once program-
med, no processor intervention is required. The DRV11-B can transfer
up to 250K 16-bit words per second in single cycle mode and up to
500K 16-bit words per second in burst mode. The control structure also
allows read-modify-restore operations.

FEATURES

e Buffered input/output data

e Data transfer rate of up to 500K 16-bit words per second
e Transfer of up to 32K 16-bit words

¢ Compatible with LSI-11 bus

e 16-bit CSR available for control and status functions

e Two 40-pin I/0 connectors mounted on module for interface with
user's hardware

e Switch-selectable device address and interrupt vector

SPECIFICATIONS
Identification M7950
Size Quad
Power +5Vdc £ 5%at 1.9 A
Bus Loads
AC 33
DC 1
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CONFIGURATICN

General

The inte rfqau \,OHSISt“ of five registers {Table 1) word ¢ ourt register
wee: i

gis.r (BARY coy trol/status re
e DL;R and ouiput data buffer reg
©aiso includes bLus transceivers and logic for interrupt reguests
contre! and protoco.. and DML reguests.

Table 1 Standard Addresses

Read/

Description Mnamonic Write Address
Register

Word Count WCR R/W 172410
Bus Address BAR R/W 172412
Control/Status CSR R/\W 172414
Input Data Buffer IDBR R 17z47¢
Guitput Data Buffer ODBR W 172415
Interrupt

Interrupt Vector — ~ 124

The DRV 11-B contains one switch pack used to assign an appropriate
device address to the DMA interface and one switch pack to select an
interrupt vector.

The address of the DRV 11-B interface and the interrupt vecto: selected
bv the position of the switches in switch pack S2 and S1. respectively
The location of the switches on the module is shown in Figure 1. The
switches are set to the OFF position {open) to select a zero bit and the
ON position (closed) to select a one

Device Address Format
The DRV11-B decodes four addresses. one for each of the registers
listed:

Register Octal Address
WCR 1XXXXO0
BAR 1XXXX2
CSR 1XXXX4
DBR TXXXX6
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DEVICE ADDRESS
-~ SELECTION S#ITCHES

VECTOR ADDRESS
“ SELECTION SWITCHES

e

e

Figure 1 DRV11-8 Connector and Switch Locations

Normally, the addresses assigned to the DMA start at 7724104 and
nrogress upward. Switches $2-1 through S2-10 select the base address
as indicated by the X portion of the octal code and the individual regis-
ters are decoded by the DMA interface. The relationship between the
address format and the switches is shown in Figure 2.

1 1 3 12 11 10 0g 08 7 06 05 04 03 02 01 Co
[ | T N b o
1 1 l R B Gy 10 L N G ) I o 0§ 1 X L I
L I S | [ | B N — !
i |
BN
! i
olh OFF ON OFF ON OFF OFF OFF GSF ON
! | | 1
bl
i l ‘ ! | | ’
SWiTIH 2 3 4 5 5 7 8 9 10
¥
N o= Z9R0O = OFF SWITCH 52

Figure 2 Device Address Switch S2 Selection

Interrupt Vector Selection

The interrupt vectors for the LSI-11 systems are allocated from 0-774s.
The reconmended vector assigned to the DRV11-B is 1245. Switches
S1-1 through S1-8 are used to select the vector. The relationship be-
tweenr th2 switches and vector format is shown in Figure 3.
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SWITCH
OPEN = ZERO - OFF

CLOSED ONE - ON $

~
©

-3 DR
.
ES
<

ITCH S1

Figure 3 Interrupt Vector Switch S1 Selection

Registers

Each of the five registers can be addressed by the processor. The IDBR
and ODBR are assigned the same address, and are read-only and write-
only, respectively.

Word Count Register (WCR) - The WCR (Figure 4) is a 16-bit
read/write counter which is loaded by the program with the 2's com-
plement of the number of words or bytes to be transferred at one time
between memory and the 1I/0 device. At the end of each transfer, the
WCR is incremented. When the count becomes zero (all 16 bits = 0),
the DMA generates an interrupt request. The contents of the WCR can
be monitored by the processor program.

ADDRESS N
XXXXXO READWRITE ]
n

" L I L L L " s 1 " i L s

16 BIT COUNTER

Figure 4 Word Count Register

Bus Address Register (BAR) - The BAR (Figure 5) is a 16-bit
read/write register used to generate the bus address which specifies the
location to or from which data is to be transferred. The register is in-
cremented after each transfer. It will increment across 32K boundary
lines via the extended address bits in the control/status register. Bus
address bit O is driven by the user device.

Control and Status Register (CSR) - The CSR (Figure 6) contains 16
bits of information used to contro! the function and monitor the status of

2-196



DRV11-B

the DMA transfers. The information in the CSR can be modified or read
by the processor program in either 8-bit bytes or 16-bit words. Table 2
lists and defines each of the 16 bits.

ADDRESS
XXXXXZ

Figure 5 Bus Address Register

ADDRESS
XXXXX4
i 1 e I . L " i L i L L 1 1

Figure 6  Control/Status Register

Table 2 DRV11-B Control/Status Register Bit Description

Bit Name Description
15 Error 1. Indicates a special condition.
(Read-only) a.  NEX (bit 14)

b. ATTN (bit 13)

2. Sets READY (bit 7) and causes interrupt if IE
(bit 6) is set.

3. Cleared by removing the special condition.
a. NEX is cleared by writing to zero.
b, ATTN is cleared by the user device.

14 NEX 1. Nonexistent memory indicates that as bus
(Read/wrnite rmaster, the DRV 11-B did not receive BRPLY
zero) or that a DATIO cycle was not completed.

2. Sets error {bit 15).

3. Cleared by INIT or by writing to zero.
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Table 2 DRV11-B Control Status Register Bit Description (Cont)

Bit Name Description
13 ATTN 1. Indicates the state of the ATTN user signal.
(Read-only)
2. Sets error (bit 15).
12 MAINT Maintenance bit used with diagnostic pro-
(Read/write) gram.
1 STAT A )
(Read-only)
1. Device status bits that indicate the state of
10 STAT B the DSTAT A, B. and C user signals
(Read-only)
9 STAT C 2. Set and cleared by user control only.
Read-onl
(Read-only) J
8 CYCL Cycle is used to prime a DMA bus cycle.
(Read/write)
7 READY 1. Indicates that the DRV11-B is able to accept
(Read-only) a new command. Requests an interrupt if IE
(bit 6) is set.
2. Set by INIT.
6 IE 1. Enables interrupts to occur when READY (bit
(Read/write) 7) is set.
2. Cleared by INIT.
5 XAD 17 Extended address bit 17; cleared by INIT.
(Read/write)
4 XAD 16 Extended address bit 16; cleared by INIT.
(Read/write)
3 FNCT 3
(Read/write)
1. Three bits made available to the user device.
2 FNCT 2 } User-defined.
(Read/write)
2. Cleared by INIT.
1 FNCT 1
(Read/write) J
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Table 2 DRV11-B Control Status Register Bit Description (Cont)

Bit Name Description
0 GO Causes “NOT READY" to be sent to the user
(Write-only) device indicating a command has been
issued. Clears READY (bit 7). Enables DMA
transfers.

Input Data Buffer Register (IDBR) - The IDBR (Figure 7) is used for
read-only operations. Data is loaded into the register by the user’'s de-
vice. The data may be read from the IDBR as a 16-bit word, an 8-bit high
byte, or an 8-bit low byte. Transfers are usually via DATO or DATOB
DMA bus cycles. The register input connects to J2 mounted on the
module.

ADDRESS ~ .
XXXXX6 8 BIT HIGH BYTE 8 BIT LOW BYTE

L 1 L 1 1 L L L o 1 L L L L

16 BIT DEVICE INPUT DATA WORD

MR 1304

Figure 7 Input Data Buffer Register

Output Data Buffer Register (ODBR) - The ODBR (Figure 8) is used
during write-only operations. Data from the LSI-11 bus is loaded into
the register under program control and read from the register by the
user’'s device. The register can be loaded with a 16-bit data word or with
an 8-bit high byte, or as an 8-bit low byte. Transfers are usually via DATI
or DATIO DMA bus cycles. The output of the register connects to J1 on
the module.

15 - 8 7 0

ADDRZSS T
XXXXX6 r 8 BIT HIGH BYTE 8 BIT LOW BYTE ]
A Lo TR 1 I L e s 1 1 1 1

16 BIT DATA WORD
Figure 8 Output Data Buffer
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General

The DRV11-B interface operates as both a slave and master device.
Prior to becoming bus master, all data transfers out (DATO) or data
transfers in (DATI) are in respect to the processor. Once the DRV11-B is

granted bus mastership by the processor, all data transfers are in respect
to the DRV11-B.

DMA operation is initialized under program control by: loading the WCR
with the 2’s complement of the number of words to be transferred;
loading the BAR with the first address to or from which data is to be
transferred; or loading the CSR with the desired function bits. After the
interface is initialized, data transfers are under control of the DMA logic.

Program Control Transfers
Data transfers may be performed under program control by addressing
the IDBR or ODBR and reading or writing data.

DMA Control Transfers

DMA input (DATI) or output (DATO) data transfers occur when the pro-
cessor clears READY. For a DATO cycle (DRV11-B to memory transfer),
the user’s I/0 device presets the control bits [word count increment
enable (WC INC ENB), bus address increment enable (BA INC ENB), C1,
CO. AOO. and ATTN], and asserts CYCLE REQUEST to gain use of the
LSI-11 bus. When CYCLE REQUEST is asserted, input data is latched
into the input DBR, the control bits are latched into the DRV11-B DMA
control, and BUS goes low. A DATI cycle - memory to DRV11-B trans-
fer — is handled in a similar manner, except that the output data is
latched into the output DBR at the end of the bus cycle.

When the DRV 11-B becomes bus master, a DATO or DATI cycle is
performed directly to or from the memory location specified by the BAR.
At the erd of each cycle, the WCR and BAR are incremented and BUSY
goes high while READY remains low. A second DATO or DATI cycle is
performed when the user's I/0 device again asserts CYCLE REQUEST.
DMA transfers will continue until the WCR increments to zero, 2t which
time READY goes high and the DRV 11-B generates an interrupt {if inter-
rupt enable is set) to the processor.

if burst mode is selected (SINGLE CYCLE l!ow), only one CYCLE

REQUEST is required for the complete transfer of the specified number
of data words.
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Device Cables and Signals

Data, status, and control signals are transferred between the user’'s 1/0
device and DMA by an input and an output cable assembly. The input
cable attaches to connector J2 and the output cable attaches to con-
nector J1. Tables 3 and 4 lst the connector pin and designations for
each signal. Table 5 lists several recommended cable assemblies that
are available from DIGITAL in the lengths indicated. The H856 female
connector mates with either J1 or J2 on the DRV11-B. To order cable
assemblies in lengths not listed, contact a DIGITAL sales office. Cables
up to 15.2 m (50 ft) maximum can be used.

Table 3 DRV11-B Input Connector Signals

J2*

Connector Pin Signal Name Unit Loads
B BUSY H 10 (drive)
D ATTN H 1
F AOO H 1
J BA INC ENB H 1
t FNCT 3 H 10 (drive)
N COH 1
R FNCT 2 H 10 (drive)
T } Cl H 1
\Y FNCT 1 H 10 (drive)
DD 08 IN H
FF 09 IN H N
JJ 10 IN H
LL 11 IN H
NN 12 IN H
RR 13 IN H
T 14 IN H
A% 15 IN H
cc 07 IN H ; 1
EE 06 IN H
HH 05 IN H
KK 04 IN H
MM 03 IN H
PP 02 IN H
SS 01 IN H
uu 00 IN H

J

*All remaining pins connect in common to logic ground by board etch.
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Tabie 4 DRV11-8 Quiput Connector Signals

[
o

tor Pin

Connec Signal Name Unit Loads
B CYCLE REQUEST i i
D INIT V2 H 10 {drive)
F READY H 10 (drive)
J WC INC ENB H 1
K SINGLE CYCLE H 1
L STATUS A 1
N INIT H 10 (drive)
R STATUS B 1
$ } STATUS C 1
DD 08 OUT H N\
FF 09 OUT H
JJ 10 OUT H
LL 11 OUT H
NN 12 OUT H
RR 13 OUT H
TT 4 OUT H
éé BTN 0 e
£E 06 OUT H
H 05 OUT H
KK 04 OUT H
MM 03 OUT H
PP 02 OUT H
SS 01 OUT H
uu 00 OUT H J

“Ali remaining pins connect in common to logic ground by board etch.

Table 5 Recommended Cable Assemblies

Cable No.

Connectors

Type

Standard Lengths (ft.)

BCO7D-XX

BCOBR-XX
BC04Z-XX

H856 to open end

H856 to H856

2, 20 conductor

ribbon

Shielded flat
H856 to open end Shielded flat

10, 15, 25

1,6, 10, 12, 20, 25, 50
6, 10, 15, 25, 50
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DRV11-B Registers
The DRV 11-B contains five -egisters:

Woicd Count Register (WCR)

Bus Address Register (B/R]
Controls Status Register {(CSR)
Outout Dats Buffer Regis.er (ODBR!
inpwt Data Buffer Register (iDBR)

Word Count Register (WCR) - The WCR is a 16-bit read/write register
that controls the number of transfers This register is loaded (under pro-
gram centroi) with the 2's complement of the number of words to be
transferred. At the end o’ 2ach transfer, the word count register is
incremented. When the contents of the WCR are incremented to zero,
transfers are terminated, READY is set, and, if enabled. an interrupt Is
requested. The WCR is word-addressabie only.

Bus Address Register (BAR) - The BAR is a 15-bit read/write register.
This register is loaded (under program control) with a bus address (not
inciuding address bit 0) which specifies the location to or frorm which
data is to be transferred. The BAR is incremented after each transfer and
can be incremented across 32K memory boundaries via the extended
address feature of the DRV 11-B. Systems with only 16 address bits wiil
“wrap-around” to location zero when the extended address bits are in-
cremerted The BAR is word-addressable only.

Control/Status Register {CSR) - The CSR is a 16-bit register used to
contro! the functions and monitor the status of the interface. Bit O is a
write-cnly bit and always reads as & zero. Bits 0-6 and bits 8 and 12 are
read/write bits, while bits 7. 9-11, and 13- 15 are read-only bits. Bit 14
can be written to a zero. Bits 4 and 5 are the extended addressing bits.
The CSR is both byte- and word-addressable.

Input and Output Data Buffer Registers (DBRs) - The two DBRs are
16-bit registers. The input DBR is a read-only register; the output DBR is
a write-only register. Data is loaded into the input DBR by the user’s
device and subsequently transferred to memory under DMA control by
the DRV 11-B, or under program control by the processor. Conversely,
data is written into the outpu: DBR from memory under DMA control by
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the DRV 11-B, or under program control by the processor, and read by
the user’s device. The input and output DBRs interface to the user’s
device by means of two separate 40-pin I/0 connectors. These con-
nectors may be cabled together (for maintenance purposes) to function
as a read/write register. The input and output DBRs share the same bus
address and are byte- and word-addressable.

User's 1/0 Device to System Memory Transfer (DATO or DATOB)
Data transfers from the user’s 1/0 device to the memory are DMA trans-
fers. Figure 10 illustrates the data flow for a DMA DATO or DATOB
cycle. Referring to Figure 9, DMA transfers are initialized under program
control by loading the DRV11-B WCR (in 2's complement) with a count
equal to the number of words to be transferred; loading the BAR with
the starting memory address for word storage; and setting the CSR for
transfers.

A4:>
)

USERS
:> JRVINE DEVICE

< DATO OR DATCH <— ]
N

"o 0ATA FLOW — b
|4

< ’> MEMORY
V

LSI- BUS

j )
> PROCESSOR
N

114187

Figure 10 DMA DATO/DATOB Data Flow Diagram

When the GO bit of the CSR is written to a “one,” READY goes low and
the user’s /0 device conditions the AOO, BA INC ENB, WC INC ENB,
ATTN, SINGLE CYCLE (high for normal DMA transfers), and the CO, C1
(Table 6) lines, and then asserts CYCLE REQUEST. The input data bits
and conrtrol bits (CO, C1 and SINGLE CYCLE) are latched into the respec-
tive DRV 11-B registers. CYCLE REQUEST sets CYCLE and causes the
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Table 6 DRV11-B Interface Connector Signals

Mnemonic

Description

00 OUT - 15 OUT
00 IN—-15IN

STATUS A, B, C

FUNCT 1, 2,3
INIT

INIT V2

AOO

BUSY

READY

Co, C1

SINGLE CYCLE

16 TTL data output lines from the DRV11-B.
One = high.

16 TTL data input lines from the user’s device.
One = high.
Three TTL status input lines from the user’'s de-

vice. The function of these lines is defined by
the user.

Three TTL output lines to the user's device. The
function of these lines is defined by the user.

One TTL output line; used to initialize the user's
device.

One TTL output line; present when INIT is as-
serted or when FUNCT 2 is written to a one.
Used for interprocessor buffer applications.

One TTL input line from the user's device. This
line is normally high for word transfers. During
byte transfers this line controls address bit 00.

One TTL output line to the user’s device. BUSY
is low when the DRV11-B DMA control logic is
requesting control of the LSI-11 bus or when a
DMA cycle is in progress. A low-to-high transi-
tion indicates end of cycle.

One TTL output line to the user's device. When
the READY line goes low DMA transfers may be
initiated by the user’s device.

Two (2) TTL input lines from the user's device.
These lines control the LSI-11 bus cycle for
DMA transfers. CO, Cl1 codes for the four (4)
possible bus cycles are listed below:

Bus Cycle co Cl1
DATI 0 0
DATIO 1 0
DATO 0 1
DATOB 1 1

One TTL input line from the user’s device. This
line is internally pulled high for normal DMA
transfers. For burst mode operation SINGLE
CYCLE is driven low by the user’s device.
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Table 6 DRV11-B Interface Connector Signals (Cont)

Mnemonic Description

CAUTION
When SINGLE CYCLE is driven low, total sys-
tem operation is affected because the LSI-11
bus becomes dedicated to the DMA device. and
other devices cannot use the bus.

WC INC ENB One TTL input line from the user’s device. This
line is normally high to enable incrementing
the DRV11-B word counter. Low inhibits incre-
menting.

BA INC ENB One TTL input line from the user's device. This
line is normally high to enable incrementing the
bus address counter. Low inhibits incrementing.

CYCLE REQUEST One TTL input line from the user's device. A
low-to-high transition of this line initiates a
DMA request.

ATTN One TTL input line from the user’s device. This
line is driven high to terminate DMA transfers,
to set READY and request an interrupt if the in-
terrupt enable bit is set.

DRV11-B to assert BDMR, which makes an LSI-11 bus request and
causes BUSY to go low. In response to BDMR, the processor asserts
BDMGO which is received as BDMGI. The DRV 11-B becomes bus mas-
ter and asserts BSACK and negates BDMR. The processor then termi-
nates the bus grant sequence by negating BDMGO.

As bus master, the DRV11-B performs a DATO or DATOB bus cycle by
placing the memory address on BDAL lines, asserting BWTBT, and then
asserting BSYNC. The memory decodes the address; then the DRV11-B
removes the address from the BDAL lines, negates BWTBT (BWTBT will
remain active for a DATOB), places the user’s input data on the BDAL
lines, and asserts BDOUT. Memory receives the data and asserts
BRPLY In response to BRPLY, the DRV11-B negates BDOUT and then
removes the user's input data from the BDAL lines. Memory now ne-
gates BRPLY, the bus cycle is terminated, and the bus is released when
the DRV11-B negates BSACK and BSYNC.
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At the end of the first transfer. the DRV11-B WCR and BAR are in-
cremented, BUSY goes high, and READY remains low. With BUSY high
and READY low, the user’'s I/0 device can initiate another DATO or
DATOB cycle by again asserting CYCLE REQUEST. DMA transfers can
continue until the WCR increments to zero and generates an interrupt
request, if the interrupt enable bit is set.

When the WCR increments to zero, READY goes high and the DRV11-B
generates an interrupt request (if the interrupt circuits are enabled). The
processor responds to the interrupt request (BIRQ) by asserting BDIN
followed by BIAKI (interrupt acknowledge). BIAKI is received by the
DRV11-B and in response places a vector address on the BDAL lines,
asserts BRPLY, and negates BIRQ. The processor receives the vector
address and negates BDIN and BIAKI. The DRV11-B now negates
BRPLY, while the processor exits from the main program and enters a
service program for the DRV 11-B via the vector address.

Interrupt requests from the DRV11-B occur for the following conditions

1. When the WCR increments to zero — this is a normal interrupt at the
end of a designated number of transfers.

2. When the user’s I/0 device asserts ATTN - this is a special condition
interrupt which may be defined by the user to override the WCR

3. When a nonexistent memory location is addressed by the DRV11-B -
this special condition interrupt is produced when no BRPLY is
received from the memory.

System Memory to User’s Device Transfers (DATIO or DATI)
DMA transfers from the memory to the user's I/0 device occur in a
manner similar to that described for user’s I/Q device to memory trans-
fers. Figure 11 iliustrates the data flow for a DMA DATIO or DATI cycle.
Under program control, the DRV11-B WCR (Figure 9) is loaded with a
count equal to the number of transfers, while the BAR is loaded with the
starting address from which the first word will come; the CSR is set for
transfers.

With the CSR set, READY goes low and the user’s I/0 device conditions
the CO, C1 lines (Table 8) for a DATI or a DATIO and conditions the WC
INC ENB, BA INC ENB, ATTN, SINGLE CYCLE (high for normal DMA
transfers), signals, and asserts CYCLE REQUEST. BUSY from the
DRV11-B goes low and the user's control bits &re latched into the
DRV11-B. The DRV11-B then asserts BDMR, which makes a bus
request. When the request is arbitrated, the DRV11-B becomes bus
master.
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Figure 11 DMA DATIO/DATI Data Flow Diagram

When the DRV 11-B becomes bus master, a DATI or DATIO bus cycle is
performed (a DATI is described). The DRV 11-B places the address of the
memory location from which the first word is taken on the BDAL lines
and asserts BSYNC. Memory decodes and latches the address. The
DRV11-B then removes the address from the BDAL lines and asserts
BDIN. Input data is now placed on the BDAL lines by the memory and
the memory asserts BRPLY. The input data is accepted by the DRV11-B
and BDIN is negated. Memory negates BRPLY and the DRV11-B
negates BSACK and BSYNC to terminate the bus cycle and release the
bus. The output data bits for the user's 1/0O device are stored in the
DRV11-B output data buffer register. These bits can be read by the
user’s device at the low-to-high transition of BUSY.

At the end of the first transfer, the DRV11-B WCR and BAR are
incremented, BUSY goes high, and READY remains low. The user’s de-
vice can initiate another DATI or DATIO cycle by again setting CYCLE
REQUEST. DMA transfers to the user's device can continue until the
WCR increments to zero and causes an interrupt request to be gener-
ated.

DMA Transfers

The DRV11-B interface is designed for DMA transfers which the user
can accomplish in several ways. DMA transfers are always set up by the
processor when it loads the BAR and WCR and sets the READY bit. The
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user then has the option of initiating tren-fers eithaer by progran: contre!
{(setting the GO bit in the CSR) or by the user device asserting CYCLE
REQUEST for 1 us minimum.

Type of I/C tc be Performed - The user has the option of seieching
DATI, DATO. DATGE, or BDATIO bus cyclas by asserting CO andt €
Table 6 Note that i uyte transfars arg being performed, the byte addruss
bit {ACO; st be manipulated by the user. (Refer to section entitied
“"Word or Byte Transfers.”

Burst Mode vs Single Cycle DMA - Single cycle DMA allows the
asynchironous transfer of data to or from the user’s device. Each time the
user's cevice is ready for g transfer. the user asserts CYCLE REQUEST
for i us. A DMA cycle is requested from the LSi-11 bus, and when the
bus 1s granted to the DRV 11-B, the BUSY line is asserted to inform the
user that a data transfer is underway. The user must set up input data
when CYCLE REQUEST is asserted, and hold it valid until the next asser-
tion of CYCLE REQUEST. The user must strobe output data out of ihe
DRV11-B on the rising edge of BUSY. The data will be vaiid 250 rs
minimum before the rising edge of BUSY. (Figures 12 and 13 are ds-
tailed timing diagrams.)

Burst mode DMA ailows synchronous trensfer of data between a user's
device and the DRV11-B. Once a DMA sequence is started (either by the
user or by the processocr), data wiil be transferred at a synchronous rate
of 5C0K words per second. One data word will be transferred every 2 us
The user must strobe data out of the DRV 11-B into the user’s device on
the rising edge of BUSY. The data to be transferred to the DRV11i-B
must be set up when the READY iine goes low (for the first data transfer)
or on the rising edge of BUSY (for subsequent data transfers). (Figures
14 and 15 are detailed timing diagrams.)

Word or Byte Transfers - The DRV11-B can transfer words or bytes te

memory. Transfers from memory are always on a word basis; if only one

byte is required, the unused bytes are disregarded. To transfer data on a

byte basis to memory, the following operations must be performed.

1. AOD must be manipulated by the user to address the proper byte in
memory.

2. The byte to be transferred to memory must be input in its proper
position in the input word, i.e., if AOG is 1, the byte to be input must
be on input lines IN 8 H through IN 15 H (high byte being trans-
ferred).

3. WC INC EN H and BA INC EN H must be asserted during ihe write
cycle of the fist byte of each word to inhibit the BAR and WCR from
incrementing.
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Figure 12 DRV11-B Timing: Single Cycle, Asynchronous,
lUser-initiated
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Figure 15 DRV11-B Timing: Burst Mode, Program-Initiated
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Miscellaneous Signals - Four sets of signals exist to perform hand-
shaking and status exchange between the processor and the user’s de-
vice. They are:

STATUS A, B, C - These three TTL lines are used to input status to
the DRV11-B from the user's device

FUNCT 1, 2, 3 - These three TTL lines are used to output status from
the DRV11-B to the user’'s device

INIT, INIT V2 — INIT is asserted when the LSI-11 bus INIT signal is
asserted. INIT V2 is asserted either when the LSI-11 bus INIT is
asserted or when FUNCT 2 is a 1

ATTN - ATTN terminates a DMA transfer; this sets the READY bit
and causes an interrupt (if the interrupt enable bit had been set).
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DRV11-P LSI-11 BUS FOUNDATION MODULE

GENERAL

The DRV11-P is an LSI-11 bus-compatible foundation wire-wrap inter-
face module. Approximately one-quarter of the module is occupied by
bus transceivers, interrupt vector generator logic, device address com-
parator logic, protocol logic, and interrupt logic, as well as a 40-pin I/0
connector. The remaining three-quarters of the module is for user appli-
cation and has plated-through holes to accept ICs and wire-wrap pins
(WP) for interconnecting the user’s circuits. The plated-through holes
can accept 6-, 8-, 14-, 16-, 18-, 20-, 22-, 24-, and 40-pin dual-in-line
ICs or IC sockets in various mounting areas of the module, or discrete
components can be inserted into the plated-through holes. The DRV11-

P can be inserted into any one of the available interface option locations
of any LSI-11 bus.

FEATURES

* An easy-to-use foundation module for custom interface applications.
¢ Factory-installed LSI-11 bus-compatible interface circuits.

* Device and interrupt vector that can be configured by the user.

e Compact - occupies only two device locations on the bus.

¢ Can accommodate up to 50 integrated circuits comprising the user's
device logic.

e Wire-wrap pins are provided for all signals.

* All user control signal lines are TTL-compatible.

SPECIFICATIONS

Identification M7948
Size Quad
Power 5,0Vdc £ 5%at1.0A
Bus Loads
AC 2.1
DC 1 (plus user’s logic)

2-217



DRV11-P

CONFIGURATION

General

The DRV11-P (Figure 1) is a versatile wire-wrap module that contains
interface logic for operation with the LSI-11 bus and provides adequate
board area for mounting and connecting integrated circuits (ICs) or dis-
crete components. Because the bus interface logic is included the mod-
ule can be efficiently configured by the user to satisfy a variety of device
interface logic applications.

A 40-pin connector, conveniently mounted at the board edge, facilitates
the connection to a device through several cable assembly types avail-
able from DIGITAL.

Except for the bus interface connections, all signals and voltages are
terminated to wire-wrap pins for user connections. The bus control logic
is provided with wire-wrap test points for monitoring the internal signals
The test points are spaced at 0.254 cm (0.1 in) between pins to allow a
40-pin connector to be inserted over the wire-wrap pins for automated
test functions.

Approximately two-thirds of the surface area on the module consists of
plated-through holes, each connected to a wire-wrap pin. The user can
mount three different types of dual-in-line ICs or a variety of discrete
components into the holes and connect the proper voltages and signals
by wire-wrapping leads on the board.

Device Address Selection

The DRV 11-P will respond to up to four consecutive addresses in the
bank 7 area (addresses between 160000g and 1777765g). The register
addresses are sequential by even numbers and are as follows.

Register BBS7 Octal Address
1 1 16XXX0
2 1 16XXX2
3 1 16XXX4
4 1 16XXX6

The user selects a base address ending in zero for assignment to the first
register by means of wire-wrap pins on the DRV11-P module. The mod-
ule decodes this base address and the remaining register addresses are
then properly decoded by the DRV11-P as they are received from the
LSI-11 bus.
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Figure 2 shows the address select format and presents the wire-wrap
pin-to-bit relationship for device address selection. Bits to be decoded as
zero” bits in the base address are wire-wrapped to ground wire-wrap
pins (WP). Bits to be decoded as “one’ bits are left unwrapped as these
bits are pulled up to the one state.

DECODED FOF
DECODED ! 4
BY BBS7 SELECTED BY WIRE - WRAP P NS REGISTERS

17 16 15 14 13 12 n 10 09 C8 07 26 05 04 03 02 Ot

BEEEEEEEN NN .

WP WP(L WP ; w:l wpl WPT wP WP wF wr*?‘ T
42| 45| a4, 43| a7 45$ a6 o1 as| sol ‘
é] Q o &l

BYTE
L_rl 1 a =]
wel we| wel w2| wp| wpl wp  wPi wp| wp
521 65 64 63 67j se‘ 66 7 63| 70

WIRE - WRAP
TO A GROUND -~
WP FOR'ZERO"
BITS IN THE
ADDRESS

CONTROL

Figure 2 DRV11-P Device Address Select Format

Interrupt Vector Logic — The interrupt vector logic is used in con-
junction with the interrupt control logic to generate a vector on bus lines
BDAL 00 L-BDAL 07 L. The interrupt vector is specified by the user and
selected by installing jumper leads between wire-wrap pins on the
M7948 module. The vectors available are from 000g to 374g. The vector

range can be increased from 000; to 7745 with additional logic and
wiring.

When the VECTOR H signal is asserted as a result of a device interrupt
request, the interrupt vector is placed on the bus lines.

Wire-wrap pins V3 through V7 are used to assign the vector bits. A
jumper lead installed selects a logical O address bit for its associated line
and no lead selects a logical 1 address bit according to the format in
Figure 3.

Bit BDAL 02 L can be connected to the device interrupt request RQST A
signal to specify a separate vector address for channel A and channel B.
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Figure 3 DRV11-P Vector Selection

Status and control information can be multiplexed through the same
logic used to generate the vector address. Up to eight status and control
bits can be assigned by the user and transferred to bus lines BDAL 00
L-BDAL 07 L. The information can be gated onto the bus lines using a
select level generated by the address decoding logic.

Component Mounting Area

General — Twelve vertical areas (A-L) are available on the M7948 mod-
ule for mounting integrated circuits or discrete components as shown on
Figure 1. Each area has a double row of wire-wrap pins that connect to
an associated plated-through hole located at 0.254 c¢cm (0.1 in) vertical
spacing. Area A is for multi-use and is capable of accepting ICs with pin
centers at 0.762 cm (0.3 in), 1.01 cm (0.4 in), or 1.52 ¢cm (0.6 in). Area
K will also accept ICs with pin centers at 0.762 cm or 1.01 cm. All
remaining areas will only accept ICs with pin centers at 0.762 cm.

Table 1 lists the total number of ICs with 0.762 cm spacing that can be
mounted in the user areas of the module, A through L.

Table 1T DRV11-P IC Mounting Area

IC Type Total Number
14-pin 60
16-pin 52
18-pin 44
20-pin 44
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Connector Wire Wrap Pins - The 36 contact pins in rows C and D at
the edge of the module connect to a double row of wire-wrap pins.
These two rows are made available to the user for connecting signals
and voltages from the backplane to the user-installed logic circuits. The

following pins of rows C and D are normally dedicated to +5 V and
GND.

The user can connect the power to the IC or components using the row
C and row D wire-wrap pins.

+5V CA2, DA2

GND CJ1.CM1,.CT1
DJ1,DM1,DT1
CC2,DD2

Device Signals - Input and output data and status and control signals
can be transferred between the device and the DRV11-P module using
any one of several cable assemblies listed in Table 2 and available from
DIGITAL. One end of each cable is terminated with a 40-pin female
connector which mates with the 40-pin male connector J1 mounted on
the M7948 module. The pins of J1 connect to the user-installed logic
through a series of wire-wrap pins.

Table 2 Recommended Cable Assemblies

Cable No. Connectors Type Length (XX)

BCO7A-XX H856 to open end 20-twisted pair 10,15, 25
BCO7D-XX H856 to open end 2,20-conductor 10, 15,25

ribbon
BCO8R-XX H856 to H856 Shielded flat 1,6,10.12, 20.
25,50,75,100
BCO4Z-XX H856 to open end Shielded flat 6.10. 15, 25,
50

User Pin Selection

The DRV11-P provides many wire-wrap pins for the user to select that
will assist him in determining his configuration. These pins and their
functions are listed in Table 3.
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Table 3 User Wire-Wrap Pins

Wire-Wrap

Pin Mnemonic Function

WP1 SPARE O Spare input to the vector ad-
dress multiplexer. This input
can be used to read part of a
control/status register.

WP2 SPARE 3 See WP1. .

WP3 Ground for vector address bit
V3. See WP23.

WP4 SPARE 1 See WP1.

WP5 V2 Vector address bit 2.

WP6 ENB CLK A H ENB CLK A H is the clock in-
put to the enable A flip-flop of
the A interrupt logic. When
ENB CLK A H goes high, ENB
DATA A is clocked into the
enable A flip-flop.

WP7 SPARE 2 See WP1,

WP8 ENB B ST H ENB B ST H is the status out-
put from the enable B flip-flop
of the B interrupt logic. When
ENB B ST H is high, the en-
able B flip-flop is set.

WP9 IAKI L Test point for the BIAK | bus

signal. BIAKI L is the proces-
sor’'s response to BIRQ L and
is daisy-chained such that the
first requesting device blocks
the signal propagation. Non-
requesting devices pass the
signal on as BIAKO L. The
leading edge of BIAKI L
causes BIRQ L to be unas-
serted by the requesting de-
vice.
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Table 3 User Wire-Wrap Pins (Cont)

Wire-Wrap
Pin

Mnemonic

Function

WP10

WpP11

WP12

WP13

WP14

DO1 L

BWTBT L

RxCx

BSYNC H

DOO H

Test point for data/address bit
1. Useful when testing the
protocol logic. DO1 is latched
in the protocol logic at the as-
serted edge of BSYNC L. DO1
and DO2 are decoded to pro-
duce the SEL DEV outputs.

Test point for the BWTBT bus
signal; while BDOUT L is as-
serted, BWTBT L indicates a
byte or word operation:
BWTBT L asserted indicates
byte operation; BWTBT L
unasserted indicates word op-
eration. BWTBT L decoded
with BDOUT L and BDALO L
forms OUT LB Lor OUT HB L.

Test point for monitoring the
delay of BRPLY.

Test point for the BSYNC L
bus signal. BSYNC L indicates
that the address is valid. At
the assertion of BSYNC L, ad-
dress information is trapped in
four latches. While unas-
serted, disables all outputs ex-
cept the vector term of
BRPLY L. BSYNC L is held
throughout the entire bus
cycle.

One of 16 data or address
lines from the transceivers for
user appiications. Address bit
0 is used for byte selection: O
= low byte; 1 = high byte.
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Table 3 User Wire-Wrap Pins (Cont)

Wire-Wrap
Pin

Mnemonic

Function

WP15

WP16

WP17

WP18

WP19

WP20

WP21

BDOUT L

IN WD L

DO1 H

INITO L

INITOH

BRPLY L

VEC RQST B H

Test point for the BDOUT L
bus signal. BDOUT is a strobe
signal to effect a data output
transaction. BDOUT L is de-
coded with BWTBT L and
BDALO to form OUT LB L and
OUT HB L. BDOUT L also
causes BRPLY L to be issued
through the delay circuit.

In word (IN WD) is used to
gate input data from a se-
lected register onto the LSI-
11 bus. Enabled by BSYNC L
and strobed by BDIN L.

One of 16 data or address
lines from the transceivers for
user applications.

An initialize signal (asserted
low) for user applications.

An initialize signal (asserted
high) for user applications.

Test point for the BRPLY L
bus signal. BRPLY L is gener-
ated by VECTOR H (vector
term), or by BSYNC and ENB
in combination with either
BDIN L or DBOUT L. Capaci-
tor C37 can be added by the
user to extend the delay.

Used to distinguish whether
device A or device B is mak-
ing a request. VECT RQST B
H is asserted for device B
requests and unasserted for
device A requests.
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Table 3 User Wire-Wrap Pins (Cont)

Wire-Wrap
Pin

Mnemonic

Function

WP22

WP23

WP24

WP25

WP26

RQST A H

V3

ENB DATA A H

BIAKO L

ENB CLK B H

When RQST A H is asserted,
the bus request flip-flop is en-
abled. and BIRQ L becomes
asserted if the interrupt en-
able flip-flop is set.

Vector address bit 3. WP23 is
used to select the state of
vector address bit 3. When
not wrapped to a ground pin,
vector address bit 3 s a
“one.”” When wrapped to
WP3, vector address hit 3 is a
“zero.”

Interrupt enable A data line.
The level on this line in con-
junction with the ENB CLK A
H (see WP6) line, determines
the state of the A interrupt en-
able flip-flop within the inter-
rupt logic

Test point for the BIAKO L
bus signal. BIAKO L is the
daisy-chained signal that is
passed by all devices not re-
questing interrupt service (see
WP9).

ENB CLK B H is the clock in-
put to the enable B flip-flop of
the B interrupt logic When
ENB CLK B H goes high, ENB
DATA B is clocked nto the
enable B flip-flop
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Table 3 User Wire-Wrap Pins (Cont)

Wire-Wrap
Pin Mnemonic Function
WP27 ENB DATA B H Interrupt enable B data line.

WP28

WP29

WP30

WP31

RQST B H

VECTOR H

DO2 L

ENB H

The level on this line, in con-
junction with the ENB CLK B
H (see WP26) lines, deter-
mines the state of the B inter-
rupt enable flip-flop within the
interrupt logic.

When RQST B H is asserted,
the bus request flip-flop for
device B in the interrupt logic
is enabled, and BIRQ L be-
comes asserted if the inter-
rupt enable flip-flop is set.

Test point for VECTOR H. This
signal causes BRPLY L (vec-
tor term) to be generated
through a delay independent
of BSYNC L and ENB H. VEC-
TOR H also gates the vector
address onto the LSI-11 bus
via the vector address gener-
ator.

Test point for data/address bit
2. Useful when testing the
protocol logic. DO2 is latched
at the asserted edge of
BSYNC L. DO2 and DO1 are
decoded to produce the SEL
DEV outputs.

Test point for ENB H. This sig-
nal is the result of a compare
between the device address
on the LSI-11 bus and the de-
vice address established by
the user. When the addresses
compare, ENB H is asserted
and sent to the protocol logic.
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Table 3 User Wire-Wrap Pins (Cont)

Wire-Wrap
Pin

Mnemonic

Function

WP32

WP33
WP34

WP35

WP36

WP37

WP38

SEL DEV 6L

SEL DEV 4L
SEL DEV 2L

SEL DEV OL

OUT LB L

OUT HB L

BIRQ L

One of four select signals that
is true as a function of BDAL1
L and BDAL2 L if ENB H (see
WP31) is asserted at the as-
serted edge of BSYNC L. The
four select signals indicate
that a user’s register has been
selected for a data transac-
tion. The select signals remain
asserted until BSYNC L be-
comes unasserted.

See WP32.
See WP32.

See WP32.

Out low byte is used to load
(write) data into the low byte
of a selected user register.
See WP37.

Out high byte is used to load
(write) data into the high byte
of a selected user register. If
used with OUT LB L, the
higher, lower, or both bytes
can be written. OUT HB L is
enabled by BSYNC L and the
decode of BWTBT L and
BDALO L, and strobed by
BDOUT L.

Test point for the BIRQ L bus
signal This signal is asserted
by a device needing interrupt
service.

2-228



DRV11-P

Table 3 User Wire-Wrap Pins (Cont)

Wire-Wrap
Pin Mnemonic Function

WP39 BDMGO L This signal is generated by
DMA devices as a result of ar-
bitrating the BDMGI L line.
Jumper W2 must be removed
if the DRV11-P is to be used
for DMA service.

WP40 BOMGI H Used as a source for the
BDMGI! signal to drive the
user's DMA request arbi-
tration logic. See WP39.

WP41 ENB A ST H ENB A ST H is the status out-
put from the enable A flip-flop
of the A interrupt logic. When
ENB A ST H is high, the en-
able A flip-flop is set.

WP42 A12 Used to select the user’s de-
vice address along with
WP45, 44, 43, 47, 48, 46,
51, 49, 50. When not
wrapped to a ground pin, the
particular device address bit
will be a "“one.”” When
wrapped to a ground pin
(WP62 for bit A12), the par-
ticular bit will be a “zero.”

WP43 AO09 User’'s device address bit 9.
The associated ground pin is
WP63. See WP42.

WP44 A10 User’s device address bit 10.

The associated ground pin is
WP64. See WP42.

WP45 A11 User’'s device address bit 11.
The associated ground pin is
WP65. See WP42.
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Table 3 User Wire-Wrap Pins (Cont)

Wire-Wrap
Pin

Mnemonic

Function

WP46

WP47

WP48

WP49

WP50

WP51

W62

WP53

WP54

WP55

WP56

AO6

AO8

AO7

AO4

AO03

AO05

SPARE 4

V4

V7

\"2)

V6

User’'s device address bit 6.
The associated ground pin is
WP66. See WP42.

User's device address bit 8.
The associated ground pin is
WF67. See WP42.

User’s device address bit 7.
The associated ground pin is
WP68. See WP42.

User's device address bit 4.
The associated ground pin is
WP69. See WP42.

User's device address bit 3.
The associated ground pin is
WP70. See WP42.

User’'s device address bit 5.
The associated ground pin is
WP71. See WP42.

See WP1.

Vector address bit 3. The as-
sociated ground pin is WP73.
See WP23.

Vector address bit 7. The as-
sociated ground pin is WP74.
See WP23.

Vector address bit 5. The as-
sociated ground pin is WP75.
See WP23.

Vector address bit 6. The as-
sociated ground pin is WP76.
See WP23.
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Table 3 User Wire-Wrap Pins (Cont)

Wire-Wrap

Pin Mnemonic Function

WP57 INO3 H One of 16 data or address
lines to the transceivers for
user applications.

WP58 SPARE ENB O SPARE ENB O and SPARE
ENB 1 (WP59) both must be
driven low to write data from
SPARE inputs O through 7 to
the LSI-11 bus via the trans-
ceiver. For 8-bit input appli-
cations, SPARE ENB O could
be driven by one of the SEL
DEV lines, while SPARE ENB
1 could be driven by IN WD L.

WP59 SPARE ENB 1 See WP58.

WP60 INOO H See WP57.

WP61 DO9 H See WP17.

WP62 Ground for user’'s device ad-
dress bit A12. See WP42.

WP63 Ground for user’s device ad-
dress bit AO9. See WP42.

WP64 Ground for user’'s device ad-
dress bit A10. See WP42.

WP65 Ground for user’'s device ad-
dress bit A11. See WP42.

WP66 Ground for user’'s device ad-
dress bit AO6. See WP42.

WP67 Ground for user’s device ad-
dress bit AO8. See WP42.

WP68 Ground for user’s device ad-

dress bit AO7. See WP42.
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Table 3 User Wire-Wrap Pins (Cont)

Wire-Wrap

Pin Mnemonic Function

WP69 Ground for user’'s device ad-
dress bit AO4. See WP42.

WP70 Ground for user’'s device ad-
dress bit AO3. See WP42.

WP71 Ground for user’s device ad-
dress bit AO5. See WP42.

WP72 D04 H See WP17.

WP73 Ground for vector address bit
V4. See WP23.

WP74 Ground for vector address bit
V5. See WP23.

WP75 Ground for vector address bit
V6. See WP23.

WP76 Ground for vector address bit
V7. See WP23.

WP77 BBS7 H Test point for the bank 7 se-
lect (BBS7) bus signal. This
line is asserted by the bus
master when an address in
the upper bank is placed on
the LSI-11 bus.

WP78 SPARE 6 See WP1.

WP79 D02 H See WP17.

WP80 IN 02 H See WP57.

WP81 D15 H See WP17.

WP82 IN 13 H See WPH7.

WP83 D14 H See WP17.
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Table 3 User Wire-Wrap Pins (Cont)

Wire-Wrap

Pin Mnemonic Function

WP84 D13 H See WP17.

WP85 D12 H See WP17.

WP86 IN12 H See WP57.

Wp87 DO3 H See WP17.

WP88 DO7 H See WP17.

WP89 IN 10 H See WP57.

WP90 SPARE 7 See WP1.

WP91 D10 H See WP17.

WP92 IN 09 H See WP57.

WP93 Not used.

WP94 TRANS ENB C L Enables user's data to be
placed onto the LSI-11 bus.
Both TRANS ENB C and A
(WP94 and WP120) and
TRANS ENB D and B (WP95
and WP100) must be driven
low prior to the processor's
read data time.

WP95 TRANS ENB D L See WP94,

WP96 INO1 H See WP57.

WP97 VEC ENB H Test point for VEC ENB H.

This signal gates the vector to
the LSI-11 bus, provided that
jumper W4 has not been re-
moved. WP97 can be used as
the source for VEC ENB H
when adding an additional
gate to the DRV 11-P for vec-
tor expansion up to 774s.
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Table 3 User Wire-Wrap Pins (Cont)

Wire-Wrap

Pin Mnemonic Function

WP98 IN 06 H See WP57.

WP99 IN 04 H See WP57.

WP100 TRANS ENB B L See WP94.

WP101 IN 15 H See WP57.

WP102 IN 14 H See WP57.

WP103 Used to pull up the VEC ENB
H line when jumper W4 is re-
moved.

WP104 Not used.

WP105 Not used.

WP106 DO8 H ) See WP17.

WP107 D06 H See WP17.

WP108 IN11H See WP57.

WP109 D11 H See WP17.

WP110 Not used.

WP111 Not used.

WP112 SPARE 5 See WPI.

WP113 IN 08 H See WP57.

WP114 Not used.

WP115 BSYNC H Test point for BSYNC H. At

the asserted edge of this sig-
nal, address information is
trapped in four latches.
BSYNC H is the inversion of
BSYNC L. See WP13.
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Table 3 User Wire-Wrap Pins (Cont)

Wire-Wrap

Pin Mnemonic Function

WP116 Not used.

WP117 D05 H See WP17.

WP118 IN 07 H See WP57.

WP119 IN 05 H See WP57.

WP120 TRANS ENB A L See WP94.

+3V There are two +3 V source

wire-wrap pins on the
DRV11-P. Each +3 V source
can drive up to 13 TTL unit
loads. These sources can be
used for pulling up unused
TTL inputs.

FUNCTIONAL DESCRIPTION

General

The DRV 11-P contains 16 bus transceivers, device selection and inter-
rupt vector generation logic, interrupt control, and control and status
register functions. The device data inputs and outputs of the bus trans-
ceivers and the device control signals are made available to the user to
complement control of up to four 16-bit registers.

Address Selection Logic

The address selection logic consists of a device address comparator and
the protocol control logic. Up to four discrete addresses are made avail-
able with the existing logic on the DRV 11-P and can be assigned to data
registers, status and control registers, or word counters. By adding addi-
tional ICs, the user can increase the total number of addresses available.
The mair address of the DRV 11-P is selected by monitoring the BBS7
bus lire and decoding address information DO3-D12 from the bus. The
main device address is assigned by the configuration of jumper leads
(AO3-A08) attached 1o wire-wrap pins. When the selected and input
bus addresses are the same, the device address comparator provides an
ENB H level to the protocol control logic. The protocol control logic
receives bus signals and address bits DO1 and D02 to assert one of the
four available output lines: SEL DEV OL, SEL DEV 2L, SEL DEV 4L, and
SEL DEV 6L In addition, the protocol control logic provides output sig-
nals to specify word or byte transfers.
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Table 4 lists and defines the function of the control signals required or
available for the user logic.

Table 4 DRV11-P Protocol Control Logic Signals

Signal Function

SEL DEV OL Select device O through 4. One of four lines asserted
SEL DEV 2L by decoding the device address and available to select

SEL DEV 4L one of four user word registers.

SEL DEV 6L

ouT LB L Out low byte, out high byte. Used to load (write) data
OUT HB L into low byte (8 bits) or high byte (8 bits) or both bytes

(16 bits) of the selected word register.

IN WD L in word. Used to gate (read) data from the selected
word register to the bus.

The format for the device address selection is shown in Figure 2. A
logical 1 is specified when no jumper lead is installed between the ap-
propriate wire-wrap pin from A3-A12. A logical O is specified when a
jumper lead is installed.

Interrupt Control Logic

The interrupt control provides the circuits necessary to allow a program
interrupt transaction between the bus and device. Two interrupt chan-
nels (A and B) are available to the user with channel A assigned to the
highest priority. Table 5 lists and defines the user-available signals asso-
ciated with the interrupt control logic. ’

Table 5 DRV11-P Interrupt Control Logic Signals

Signal Function

RQST A H Interrupt Request A. Asserted by device logic and
sets the channel A interrupt request flip-flop when
the channel A interrupt enable flip-flop is set.

ENB DATA A H Interrupt Enable A Data. Asserted by device logic
and sets the channel A interrupt enable flip-flop
when the ENB CLK A signal is asserted.
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Table 5 DRV11-P Interrupt Control Logic Signals (Cont)

Signal

Function

ENB CLK A

ENB A STH

RQST B H

ENB DATA B H

ENB CLK B

ENB B ST H

VECTOR H

VEC RQST H

INITOL

Interrupt Enable A Clock. Asserted by device logic
to cause the channel A interrupt enable flip-flop to
be set when ENB DATA A signal is asserted.

Interrupt Enable A Status. Indicates the status of
the channel A interrupt enable flip-flop.

Interrupt Request B. Same as RQST A H signal ex-
cept controls channel B interrupts.

Interrupt Enable B Data. Same as ENB DATA A H
signal except controls channel B interrupts.

Interrupt Enable B Clock. Same as ENB CLK A sig-
nal except controls channel B interrupts.

Interrupt Enable B Status. Same as ENB A ST H
except controls channel B interrupts.

Interrupt Vector Gate. Used by device logic to gate
vector address onto the bus and to generate B
RPLY signal.

Vector Request. Asserted by device logic to specify
that channel A vector address is required; negated
to specify channel B vector address is required.

Initialize Out. Buffered B INIT L signal from bus
used for general initialization.

Device Address Comparator

The device address comparator (Figure 4, sheet 1) receives address bits
D03 H-D 12 H from the bus transceivers and compares these bits to the
device address assignment bits (A0O3-A12) wired by the user on the
DRV11-P module. If the two addresses compare, an ENB H signal is
applied to the protocol logic. The device address comparator logic is
designed around two type 8136 ICs. The user’s device address is se-
lected by means of wire-wrap pins. Wire-wrapping a device address pin
to a ground pin makes that device address bit a ““zero.” Device address
bits which are to be “ones’” are left unwrapped. These bits will be pulled
up to +5 V (“one” state) via resistors on the module.
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Bus Transceivers

Referring to Figure 4, sheet 1, data output lines DOO through D15 reflect
the state of the bus DBAL lines and will contain address and data infor-
mation for any bus transfer, regardless of the device involved. Qutput
data is usually clocked into a register for use by the interface or a periph-
eral since the length of time that the data is available on the bus during
the bus cycle is very short. The device address comparator and the pro-
tocol logic determine if the data currently on the DOO-D15 lines is in-
tended for the DRV11-P.

Input data present at the INOO-IN15 lines will be applied to the bus
when the TRANS ENB A, B, C, and D lines are asserted low. These lines
are asserted by the protocol logic to gate data onto the bus at the proper
time during a bus cycle when addressed by the processor. The SEL DEV
and IN WD lines would be driven by the protocol logic to select a user’s
register. The bus transceivers consist of four type 8641 ICs.

Protocol Logic

The protocol logic (Figure 4, sheet 1) functions as a register selector,
providing the signals necessary to control data flow into and out of up to
four user registers (8 bytes). Designed around a special DIGITAL IC
(DCO04), the protocol logic operates as follows: when the proper device
address has been decoded by the device address comparator, ENB H
goes high, and is applied to a latch in the protocol logic. Address bits
D01 H and DO2 H are decoded by the protocol logic, producing one of
the SEL DEV outputs, while bit DOO H and BWTBT are decoded for
output word/byte selection (OUT HB L, OUT LB L). The device select
lines (SEL DEV OL, 2L, 4L, 6L) and word/byte select lines (IN WD L,
OUT HB L, OUT LB L) are for user application and are available at wire-
wrap pins (WP). Table 3 lists and defines the wire-wrap pins associated
with the protocol logic. Generally, each DEV SEL output is used to select
one of four user’s registers, and the word/byte lines are used to deter-
mine the type of transfer (word or byte) to or from these registers. The
active state of the user’s lines from the protocol logic is a low assertion
and the lines are TTL-compatible. The DEV SEL lines can sink up to 20
mA. Split lugs are provided on the DRV11-P to accommodate C37. This
capacitor may be installed by the user to vary the delay between BDIN L,
BDOUT L, and VECTOR H inputs and the BRPLY output.

The BRPLY L signal is normally issued within 85 ns {max.) of receiving
either BDIN L or BDOUT L, depending on the bus cycle. If the user’s
interface requires more time before ending the bus cycle, the BRPLY L
signal can be delayed up to a maximum of 10 us by adding capacitor
C37 across the split lugs in the BRPLY delay circuit.
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The BRPLY L signal is also issued as the result of a signal on the VEC-
TOR H input. This is used when transmitting the vector during an inter-
rupt sequence.

Interrupt Logic

The interrupt logic (Figure 4, sheet 2) performs an interrupt transaction
that uses the "“pass-the-pulse” type arbitration scheme to assign prior-
ities to peripheral devices. The DRV11-P interrupt logic has two chan-
nels (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 interrupt logic must first
be set. This is accomplished by asserting {logical 1) the ENB DATA line
and then clocking the enable flip-flop by asserting (positive transition)
the ENB CLK line. With the interrupt enable flip-flop set, the user’s de-
vice may then make a bus request by asserting (logical 1) RQST. When
RQST is asserted, and if the interrupt enable flip-flop is set, the interrupt
logic asserts (logical 0) BIRQ L, thus making a bus request. When the
request is granted, the processor asserts {logical 0) BDIN L (Figure 4,
sheet 1), which is applied to the interrupt logic as IN L (Figure 4, sheet
2). IN L causes the interrupt logic to assert (logical 1) VECTOR H, which
is applied to the vector generator. A vector is thus placed on the LSI-11
bus to indicate the starting address of the service routine for the user’'s
device which made the bus request.

As mentioned previously, two interrupt request channels (A and B) are
contained within the interrupt logic. These channels can be used to ser-
vice two user devices. However, because channel A has a higher priority
than channel B, fast peripheral devices which cannot recover data if not
serviced promptly should use channel A.

There are three status lines from the DRV11-P interrupt logic available
to the user. These are: ENB B ST H, ENB A ST H, and VEC RQST B H.
ENB B ST H and ENB A ST H indicate the status of the interrupt logic
interrupt enable flip-flops. Each line is asserted (logical 1) when the ap-
propriate enable flip-flop is set. The VEC RQST B line is asserted (logical
1) when the user’s device connected to channel B has been granted use
of the bus. When VEC RQST B is unasserted (logical 0), the user’s device
connected to channel A of the interrupt logic has been granted use of the
bus. These status lines can function as part of the user’'s control and
status register (CSR), which can be constructed on the DRV11-P mod-
ule. Additionally, the INIT O and INIT O H outputs from the interrupt logic
can be used to initialize the user’s logic.
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Interrupt Vector Generator

The interrupt vector generator (Figure 4 sheet 2) produces & vector
which points to a location in memory containing the address where a
service routine is stored for the user’s device requesting interrupt ser-
vice. The interrupt vector is selected by the user by means of wire-wrap
pins (WP) on the DRV11-P. Vector bits V3 through V7 are hard-wired by
the user for either logical 1s or Os. Wire-wrapping an interrupt vector pin
to a ground pin makes that vector bit a “zero.” Vector bits which are to
be "“ones” are left unwrapped. These bits will be pulled up to +5 V
(“one” state) via resistors on the DRV11-P. When VECTOR H from the
interrupt logic goes high (logicai 1), eight vector bits are gated onto the
LSI-11 bus. It should be noted that the user can generally select the
state of only six of the eight vector bits. The remaining bits, VOO and
VO1, are preset by the DRV11-P vector generator. With this arrange-
ment, the user can select an interrupt vector in the normal user range of
000s to 3745. However, by adding one gate to the interrupt vector gen-
erator encode logic, the user can accommodate nine bits in the vector
and thus extend the interrupt to 774s¢.

The interrupt vector generator is primarily designed around two type
74157 multiplexer ICs. Each 74157 has two separate 4-bit inputs which
are multiplexed. Thus, both 74157s can accommodate two 8-bit bytes,
one of which is used for vector generation. This leaves one spare 8-bit
input for user application. The spare input can be used to gate onto the
bus the iower byte of the user’'s CSR on the DRV11-P. The data on the
spare input can be gated to the LSI-11 bus by driving both SPARE ENB
0 and SPARE ENB 1 inputs low (logical Oi. This is best accomplished by
using one of the SEL DEV lines from the protocol logic (Figure 4, sheet
1) along with the IN WD line. The actual use of the spare inputs s at the
user's discretion, but SPARE ENB O and SPARE ENB 1 should not be
permanently held low as this could affect interrupt vector. If not used,
these inputs should be connected to the +3 V source

Interrupt Vector Selection

As manufactured, the DRV 11-P can generate vectors in the range from
0-3745 However, by adding one gate to the DRV11-P vector gener-
ation logic. the user can extend the vector to 774 The user seiects the
interrupt vector by means of wire-wrap pins (WP) on the DRV11-P mod-
ule.

Figure 3 shows the vector select format and presents the wire-wrap pin-
to-bit relationship for vector selection. Bits to be decoded as “zero” bits
in the interrupt vector are wire-wrapped to ground wire-wrap pins (WP).
Bits to be decoded as “one’ bits are left urwrapped as these bits are
pulled up to the one state.
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It is recommended that WP5 (vector bit 2) be wrapped to WP21 (VEC
RQST B H). This will automatically decode the least significant bit of the
interrupt vec:or as a O or a 4. When the VECTOR H signal is issued as a
result of the B half of the interrupt logic becoming bus master, the VEC
RQST B H (NP5) signal is also issued, changing bit 2 of the interrupt
vector, thus aresenting a different vector for interrupt B.

The VEC RQST B H line can be thought of as a one bit code indicating
which half of the interrupt logic is bus master. When bit 2 of the interrupt
vector is a zero, the A half is bus master; a one indicates that the B half
IS master,

Bus Receivers

All LSI-11 b s data and control lines are fully buffered on the DRV11-P
module. Buflering for the data and address lines (BDAL) is accomplished
by the bus transceivers. Bus control lines (BWTBT, BDOUT, BDIN,
BSYNC, BBSY, BIAKI, and BEDMGI) are buffered on the DRV11-P with
type 8640 tus receivers. These receivers are high-impedance receivers
with the foll »wing input levels

High = .7 V. min.
Low = .3V max.

The receivers have standard TTL-compatible outputs which are made

available (for most bus signals) to the user by means of wire-wrap pins
(WP).

+3 V Source .

There are two +3 V wire-wrap pins on the DRV11-P module. These pins
provide a source of +3 V for pulling up unused TTL inputs. Each +3 V
source is capable of driving up to 13 TTL unit loads. The +3 V sources
are derived f om resistor dividers placed across the +5 V logic source.

Wire-Wrap Pins

There are 112 user I/0 lines and 122 wire-wrap pins (not counting the
40 pins for the 1/0 connector and the 70 pins for C and D module
fingers) for tser applications. The locations and functions of these pins
are describe 1 in detail in Table 3.
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DUV11 LINE INTERFACE

GENERAL

The DUV 11 line interface is a buffered, program-controlled, single-line
communications interface device which is used to establish a data com-
munications line between any LSI-11 bus and a Bell 201 synchronous
modem or equivalent. The module is fully programmable with respect to
sync characters, character length (5 to 8 bits), and parity selection. The
DUV11 provides serial-to-parallel and parallel-to-serial data commu-
nications. buffers TTL-to-EIA voltage levels and EIA-to-TTL voltage
levels, and controls the modem for half- or full-duplex operation.

FEATURES

e Interfaces synchronous and isochronous communications data
¢ Interface signals meet EIA RS232C

* Operates in full-duplex or half-duplex modes

e Maximum baud rate is 19.2K baud

* Uses variable length characters (5, 6, 7, or 8 bits plus parity)

* Generates odd or even parity bits that are transmitted with the data
character to the modem

e Verifies received character parity
* Inhibits transmitter output for maintenance purposes

* Provides control signals to the modem and monitors the modem sta-
tus lines

* Establishes synchronization prior to receiving data
e (Generates program interrupt requests

SPECIFICATIONS

Identification M7951
Size Quad
Power +5Vdc £ 5% at(0.86 A
+12Vdc £ 3%at 0.32 A
Bus Loads
AC 1
DC
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CONFIGURATION

General

The following paragraphs describe how the user can configure the mod-
ule so that it will function within his system. This module contains
switches that are used to select the device address, vector interrupt, and
the selection of special control functions. The descriptions of the regis-
ters and their standard factory addresses are listed in Table 1 and
described below.

Table 1 DUV11 Factory Address Assignments

Read/ DUV11

Register Mnemonic Write Address
Receiver Status RXCSR R/W 160010
Receiver Data Buffer RXDBUF R 160012
Parameter Status” PARCSR W 160012
Transmitter Status TXCSR R/W 160014
Transmitter Data Buffer TXDBUF W 160016
Interrupt Vector DONE - 440

*Dual-purpose read or write register.

Device Address

The LSI-11 bus address and interrupt vector addresses must be deter-
mined prior to operating the DUV 11.-The bus address is selectable as
are the interrupt vector. The bus address (also referred to as the device
address) is controlled by switches contained in two switch banks (E38
and E39) (Figure 1), located in the address comparator logic. The posi-
tion of these switches determines the required address state (1 or O) of
bus address bits 12-3. If a switch is set to ON, the switch contacts are
closed and an address state of 1 is required on the related address bit to
the address of the DUV 11. Hence, electrically the DUV 11 can have any
device address within the range of 160000 to 177777. However, the
Digital Equipment Corporation software requires that the device address
fall within the floating address range of 160010 to 163776. The device
address is set to 160010 at the factory to facilitate manufacturing test-
ing. The switch positions for address selection are described in Table 1
and Figure 2.

NOTE
If a device address is selected which falls out-
side the floating address range. the software
must be modified accordingly.
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Figure 1 DUV11 (M7951) Major Components
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Figure 2 Device Address Selection
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Interrupt Vector

The interrupt vector is also floating and is set to 440 at the factory to
facilitate factory testing. If it is necessary to change the vector, simply
change the six vector select switches contained in switch bank E39
(Figure 1) as required. These switches control vector bits 8-3; therefore,
vectors can be generated in the range of 000 to 774. However, the
software requires that the vector fall within the floating range of 300 to
777. The switch settings for vector selection are shown in Figure 3

NOTE
If a vector is selected which falls outside the
floating address range, the software must be
modified accordingly.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
Clolololeelo L [ole [ Tolc [+ "]
FTTTTT S
1 XMTR
ON OFF OFF ON OFF OFF

A

LOGICAL 0 - OFF SWITCHNO 3 4 5 6 7 €
| S ——
FACTORY ADDRESS 440

E39 SWiTCH

Figure 3 Interrupt Vector Selection

Option Switches

The DUV 11 has the capability of selecting optional control functions that
are used during operation. These control functions can be selected by
using switches S1 through S8 of E55. The detailed operation of these
switches is listed in Table 2.

Table 2 Switch Assignments

Switch No.* Function

SWi1 Optional Clear - Switch ON enables CLR OPT, which is
used to clear RXCSR bits 3, 2, and 1.

SW2 Secondary Transmit — Switch ON enables secondary data
channel between the modem and DUV11.

* All switches are located on component reference designation E55.
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Table 2  Switch Assignments (Cont)

Switch No.* Function

SW3 Secondary Receive — Switch ON enables secondary data
channel between the modem and DUV11.

SW4 Sync Characters — Switch ON enables the receiver to
synchronize internally upon receiving one sync character.
The normal condition of receiving two sync characters
exists when SW4 is off.

SW5 Special Feature — Switch ON allows external clock to be
internaly generated; used when a modem is not being
utilized.

SW6 Special Feature — Optional feature is switched ON for
program control of data rate selection.

SW7 Maintenance Clock — Switch ON enables the clock that is
used for maintenance purposes only.

SW8 Not used.

"All switches are located on component reference designation E55.

Optional Equipment

Mating Connector

Cable

Registers

H836
BCO5C-XX

The RXCSR is a read/write register that controls the RCVR (receiver)
portion of the interface; communicates interface status, requests, and
supervisory data to the modem; and monitors status and supervisory
data inputs from the modem.

The word format for the RXCSR is shown in Figure 4 and described in
Table 3.

15

DATA
SET T0
CH SEND DATA

R A g R R R R R

14 10

SEC

o8 o7 06 05

DATA
SET

04 03

SEC
XMIT
DATA

R/W

02

REQ
T0
SD

R/W

00

CLR lcar-

RIER

REC
ACT

STRIP
SYNC

RX
INTEB

RX
DONE

SCH
SYNC

NOT
USED

RING

INTEB
A R/wW

R/W R R/W R/W

1-4900

Figure 4 RXCSR Word Format
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Table 3 RXCSR Word Format

Bit

Name

Description

15

14

13

12

DAT SET CH
(Data Set Change)

RING
(Ring)

CLR TO SD
(Clear to Send)

CARRIER
(Carrier)

When set, this bit indicates a
modem status change.

This bit is set by a transition of any
of the following lines:

Ring

Clear to Send

Carrier

Secondary Received Data
Data Set Ready

e o o o o

If bit 5 of this register is set, the set-
ting of this bit will cause a RCVR
interrupt.

Read-only bit; cleared by INIT, mas-
ter reset, and the DTl SEL 0O
(RXCSR read strobe).

This bit reflects the state of the
modem ring line. When set, this bit
indicates that a ring signal is being
received from the modem. Read-
only bit.

This bit reflects the state of the clear
to send line from the modem. When
set, this bit indicates that the
modem is ready to accept data from
the interface for transmission. Read-
only bit.

This bit reflects the state of the
modem carrier. When set, this bit
indicates the carrier is up. Read-only
bit.
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Table 3 RXCSR Word Format (Cont)

Bit

Name

Description

11

10

REC ACT
(Receiver Active)

SEC RCV DAT
(Secondary Receive
Data)

DAT SET RDY
(Data Set Ready)

STRIP SYNC
(Strip Sync)

When the internal synchronous
mode is selected, this bit is set
when the proper number of con-
tiguous sync characters (either 1 or
2, normally set for 2) have been re-
ceived. If external synchronous or
isochronous mode is selected, this
bit follows the state of the search
sync bit (bit 4 of this register).

Read-only; cleared by INIT, master
reset, and SCH SYNC (1) H (search
sync) making 1 to O transition.

This bit reflects the state of the sec-
ondary receive data line from the
modem.

This bit provides a receive channel
for supervisory data from the
modem to the processor. Read-only
bit.

This bit reflects the state of the data
set ready line from the modem.
When set, this bit indicates that the
modem is powered up and ready.
Read-only bit.

This bit determines whether sync
characters received from the
modem are to be presented to the
program for reading. When this bit
is set, receive characters that match
the contents of the sync register do
not cause a RCVR interrupt pro-
vided no errors are detected. i.e., bit
15 of the RXDBUF is clear.

Read/write bit; cleared by INIT and
master reset.
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Table 3 RXCSR Word Format (Cont)

Bit Name

Description

7 RX DONE
(Receiver Done)

6 RX INTEB
(Receiver Interrupt
Enable)

5 DAT SET INTEB
(Data Set Interrupt
Enable)

4 SCH SYNC
(Search Sync)

This bit is set when synchronization
has been achieved and a character
has been loaded into the RXDBUF,
provided the STRIP SYNC bit is not
set. If the STRIP SYNC bit is set and
the received character is a sync
character without errors, i.e., bit 15
of the RXDBUF is clear, this bit will
not be set.

When set, this bit will cause a RCVR
interrupt request provided bit 6 of
this register is set.

Read-only bit; cleared by INIT, mas-
ter reset, and the DTI SEL 2
(RXDBUF read strobe).

When set, allows a RCVR interrupt
request to be generated when the
RX DONE bit is set.

Read/write bit; cleared by INIT and
master reset.

When set, allows a RCVR interrupt
request to be generated when the
DAT SET CH bit is set.

When set in the internal synchro-
nous mode, enables the RCVR syn-
chronization logic and causes the
RCVR to start comparing incoming
data bits to the contents of the sync
register in an attempt to recognize a
sync character.

When set in the isochronous mode,
enables the RX DONE flag gener-
ation logic.
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Table 3 RXCSR Word Format (Cont)

Bit

Name

Description

SEC XMIT
(Secondary Transmit
Data)

REQ TO SD
(Reqguest to Send)

DATA TERM RDY
(Data Terminal
Ready)

When set in the external synchro-
nous mode, enables the RX DONE
flag generation logic and causes the
RCVR to start framing incoming
characters.

Read/write bit; cleared by INIT and
master reset.

This bit reflects the state of the sec-
ondary transmit data line to the
modem. This bit provides a transmit
channel for supervisory data from
the processor to the modem.

Read/write bit; cleared by INIT and
master reset.

When set, this bit causes the
request to send line to the modem
to be asserted. The request to send
line is a control lead to the modem.
This line must be asserted before
the interface can transmit data to
the modem.

Read/write bit; optionally cleared by
INIT and master reset.

When set, this bit indicates the in-
terface is powered up, programmed,
and ready to receive data from the
modem.

Setting this bit causes the data ter-
minal ready line to the modem to be
asserted. The data terminal ready
line is a control lead for the modem
communication channel. When as-
serted, it permits the interface to be
connected to the channel.

Read/write bit; optionally cleared by
INIT and master reset.
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The receiver data buffer (RXDBUF) and the parameter status register
(PARCSR) have the same address location, but RXDBUF is a read-only
register and PARCSR is a write-only register. The RXDBUF register
detects interface RCVR status flags and RCVR parallel data outputs. Its
word format is shown in Figure 5 and described in Table 4. The PARCSR
register establishes the overall operating parameters of the DUV11, ie.,
the mode of operation (synchronous or isochronous), word length (5, 6.
7. or 8 bits plus parity), parity (enabled or disabled), parity sense (odd or
even), and sync character configuration. Its word format is shown in
Figure 6 and described in Table 5.

15 14 13 12 | «—————% 08 07 +——— 00

RX |OVRN| FRM | PAR
ERR | ERR | ERR | ERR NOT USED RCVR DATA

T

READ ONLY e

10 224C

Figure 5 RXDBUF Word Format

Table 4 RXDBUF Word Format

Bit Name Description
15 RX ERR This bit is set whenever one of the
(Receiver Error) three receiver error bits is set (log-

ical OR of bits 14, 13, and 12).

Read-only bit; cleared only when
bits 14, 13, and 12 are cleared.

14 OVRN ERR When set, this bit indicates that the
(Overrun Error) processor has failed to service the
RX DONE flag within the time re-
quired to load another character
into the RXDBUF, i.e.. (1/baud rate)
X (bits per character) seconds.
Hence. the previous character was
overwritten (lost). This condition in-
dicates the loss of at least one char-
acter.

Read-only bit; cleared by INIT, mas-
ter reset, and DTl SEL 2 (RXDBUF
read strobe).
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Table 4 RXDBUF Word Format (Cont)

Bit

Name

Description

13

12

7-0

FRM ERR
(Framing Error)

PAR ERR
(Parity Error)

RCVR DATA
(Receiver Data)

When set, indicates that character
received was not followed by a valid
stop bit. This error only occurs in the
isochronous mode of operation.

Read-only bit; cleared by INIT, mas-
ter reset, and DTl SEL 2.

When set, indicates that the parity
of the received character does not
agree with the parity programmed
(odd or even). If parity is not pro-
grammed, this bit is always cleared.

Read-only bit; cleared by INIT, mas-
ter reset, and DTl SEL 2.

This register holds the received
character for transfer to the pro-
gram. The buffer is right-justified for
5, 6, 7, or 8 bits. If parity is received
it is also loaded into the buffer at
the next vacant higher order bit po-
sition. Therefore, if a 5-bit character
plus parity is framed by the RCVR,
the parity bit would be loaded into
bit position 5 in the RXDBUF and
presented to the program for read-
ing. If an 8-bit character plus parity
is framed, the parity bit would not
be presented to the program for
reading.

Read-only buffer; cannot be
cleared; INIT or master reset set the
buffer to all 1s. Reading the
RDXBUF causes the RX DONE bit
in the RXCSR to clear.
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15 14 13 12 1" 10 09 o8 07 +— —- - [e3e]
NOT MODE  SEL WORD par | PAR
LENGTH SEN SYNC REGISTER
USED ot | 00 e ENB | gL
| WRITE ONLY |
" oozer
Figure 6 PARCSR Word Format

Table 5 PARCSR Word Format

Bit Name Description
13. 12 MODE SEL These bits control the mode of oper-
(Mode Select) ation. Modes are selected as fol-

lows:
Mode Bit13 Bit12
Internal 1 1
Synchronous
External 1 0
Synchronous
Isochronous 0O 0
lllegal 0 1
(not used)
Write-only bits.

11,10 WORD LEN SEL These bits control the length of

(Word Length Select)

characters received and transmitted
by interface. Word length (not in-
cluding parity) is selected as fol-

lows:

Bits/Char Bit 11

0
0
1
1

ONO O

Write-only bits.

Bit10

0
1
0
1
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Table 5 PARCSR Word Format (Cont)

Bit

Name

Description

7-0

PAR ENB

PAR SEN SEL
(Parity Sense Select)

Sync Register

If this bit is set, parity for each char-
acter will be (parity enable) gener-
ated by the XMTR and checked by
the RCVR. If character length is less
than eight bits, the parity bit for
received data is loaded into the
RXDBUF for reading by the pro-
gram. If bad parity is detected at the
RCVR, the parity error flag is set (bit
12 of the RXDBUF).

Write-only bit.

When the parity enable bit (bit 9 of
this register) is set, the sense of the
parity (odd or even) is controlled by
this bit. When this bit is set, even
parity is generated by the XMTR
and checked for by the RCVR. (The
program does not have to provide a
parity bit to the XMTR.) When this
bit is cleared., odd parity is gener-
ated and checked.

Write-only bit.

This register contains the sync char-
acter. The sync character is used by
the RCVR to detect received sync
characters and thereby achieve syn-
chronization.

The sync character is used as a fill
character by the XMTR when oper-
ating in the synchronous mode. Fill
characters are operating in the syn-
chronous mode. Fill characters are
transmitted when the program fails
to provide characters to the XMTR
fast enough to maintain continuous
transmission, i.e., (1/baud rate) X
(bits per character) seconds — 1/2
(bit time).
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The transmitter status register (TXCSR) is a read/write register that con-
trols the XMTR (transmitter) portion of the interface, controls the reset-
ting and initialization of the interface, and controls and monitors the
maintenance mode operation of the interface

The TXCSR word format is shown in Figure 7 and described in Table 6.

15 14 13 12 11 10 09 o7 5 cs 4 3 Ge il ocC
T T T T T T T T
MAINT| SS | MS | MS | RX | NOT | MST | Tx | Tx |CONA | _.. . HALF . .
ONA | 'oaTa ook ot |00 | INe iusso RST |DONE [IN'EBINTER SEND Iy Jp | NUTUSED 1BRELK
i ‘ ! | ‘ ‘
R Ar/w r/w m/whrR/w R A, R Rwlrw =w raudh 2w

Figure 7 TXCSR Word Format

Table 6 TXCSR Word Format

Bit

Name

Description

15

14

DNA
(Data Not Available)

MAINT DATA
(Maintenance Data)

This bit is set by the XMTR when a
fill character is transmitted. This
applies only to the synchronous
mode of operation and is caused by
late program response to a TX
DONE interrupt request.

The processor response to TX
DONE must be within (1/baud rate)
X (bits per character) seconds - 1,2
(bit time). If not, the fill character is
transmitted.

If bit 5 of this register is set, setting
this bit causes an XMTR interrupt
request.

Read-only bit; cleared by INIT, mas-
ter reset, and DTl SEL 4 (TXCSR
read strobe).

This bit is used in the internal loop
and external loop maintenance
modes by the diagnostic program to
simulate serial input to the RCVR.

Read/write bit; cleared by INIT or
master reset.
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Table 6 TXCSR Word Format (Cont)

Bit Name Description
13 SS CLK This bit is used in the internal loop
(Single Step and external loop maintenance
Maintenance Clock) modes by the diagnostic program to
simulate the XMTR and RCVR
clocks.
Read/write bit; cleared by INIT or
master reset.
12, 1 MS01/MS00 These bits are used to select the
(Maintenance Mode normal mode of operation or one of
Select 01 & 00) three maintenance modes. Modes
are selected as follows:
Mode Bit12 Bit 11
Normal 0 0
Internal 0 1
Maintenance
Loop
External 1 0]
Maintenance
Loop
System Test 1 1
Read/write bits; cleared by INIT and
master reset.
10 RX INP This bit monitors the RCVR input to
(Receiver Input) the internal loop and external loop
maintenance modes.
Read-only bit.
8 MSTRST This bit is used to generate a CLR

(Master Reset)

(clear) pulse, which initializes the
registers and the XMTR and RCVR
and inhibits the BRPLY L (bus reply)
signal. This bit remains at a (1) for
only 3 us after being set.

Read/write bit.
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Table 8 TXCSR Word Format (Cont)

Bit

Name

Description

TX DONE
(Transmitter Done)

TX INTEB
(Transmitter Interrupt
Enable)

DNA INTEB
(Data Not Available
Interrupt Enable)

SEND
(Send)

HALF DUP
(Half Duplex)

This bit is set by INIT and master
reset and when the first bit of the
character contained in the XMTR
register is placed on the XMTR out-
put line. If bit 6 of this register is set
when this bit is set, an XMTR inter-
rupt request is generated.

Read-only bit; cleared by LD
TXDBUF (TXDBUF load strobe).

When set, this bit allows a XMTR
interrupt request to be generated by
the TX DONE bit.

Read/write bit; cleared by INIT and
master reset.

When set, this bit allows an XMTR
interrupt request to be generated by
the DNA bit.

Read/write bit; cleared by INIT and
master reset.

When set, this bit enables the
XMTR and transmission will start
when a character is loaded into the
TXDBUF. This bit must remain set
until the entire message is trans-
mitted. If not, transmission of the
character currently in the XMTR
register is completed and the XMTR
will enter the idle state.

Read/write bit; cleared by INIT and
master reset.

When this bit is set, operation will
be in the half-duplex mode. ‘In this
mode, the RCVR is disabled when-
ever bit 4 of this register is set.
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Table 6 TXCSR Word Format (Cont)

Bit Name Description
Read/write bit; cleared by INIT and
master reset.
0 BREAK When this bit is set, the serial XMTR
(Break) output D5 SERIAL DATA OUT H is

held in the space (constant low)
condition; otherwise, operation is
normal. This bit is used by the diag-
nostic program in the internal loop
or external loop maintenance
modes to inhibit the XMTR output
while inputting data to the RCVR via
bit 14 of this register.

Read/write bit; cleared by INIT and
master reset.

The transmitter data buffer (TXDBUF) is a write-only register that pro-
vides parallel data to the interface XMTR for serial transmission to the
modem. The word format for the TXDBUF is shown in Figure 8 and
described in Table 7.

5 e » 08

07 = 00

7

NOT USED

XMTR DATA
I

———— ———— WRITE ONLY +|

n-2243

Figure 8 TXDBUF Word Format

Table 7 TXDBUF Word Format

Bit

Name

Description

7-0

XMTR DATA
(Transmitter Data)

This register is loaded by the pro-
gram with the character to be trans-
mitted. Character length is from 5 to
8 bits. The character is right-justi-
fied. If a parity bit is enabled, it is
generated by the interface.

Write-only bits; an INIT or master
reset places all 1s in this register.
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FUNCTIONAL DESCRIPTION

General

The DUV11 interface module can be divided into six functional blocks
that will control the data flow between an LSI-11 bus and a Bell 201
modem or equivalent. The major functions, shown in Figure 9, are
address comparator/command decoder, data multiplexer, modem inter-
face logic, receiver logic. transmitter logic. and interrupt control logic.
The address comparator provides addressable access to the LSI-11 bus
and the command decoder receives its control from the LSI-11 bus via
the address comparator and direct connections. The data multiplexer
receives status data from the modem interface logic, the receiver logic,
and the transmitter logic. It also controls the data and status information
to the transceivers which is output to the LSI-11 bus. The modem inter-
face logic converts the TTL logic levels to the EIA voltage levels required
by the Bell 201 modem. It also contains the transmit data line to the
modem and the serial data input line and has access to the modem
control signals. The receiver logic accepts the EIA serial input and con-
verts it into parallel data for the LSI-11 bus. The transmitter logic con-
verts the parallel LSI-11 bus data into serial data for transmission over
the communications lines. The interrupt control logic enables the
DUV11 module to become bus master over the LSI-11 bus by gener-
ating a program interrupt to an interrupt address vector.

Address Comparator

The address comparator logic is made up of the bus transceivers and
address/vector rocker switches. The rocker switches are set before oper-
atinng the DUV 11. When the processor addresses the DUV 11, the bus
transceivers compare the preset address with the address on the LSI-11
bus (BDAL 00 through 15). If they compare, the MATCH signal is as-
serted, which enables the command decoder (DCO04 chip). Information
then received at the transceivers is passed from the LSI-11 bus to the
QDL BUS (QDL 00 through QDL 15) under control of the command
decoder. Signal INWDB H enables the transceivers to receive data from
the Q BUS and place that data onto the QDL BUS. This signal originates
from the Q BUS as BDIN L, which is driven to become DIN L. DIN L is
applied to the command decoder and is output as INWD L when
MATCH is asserted by the address comparator. INWD L is then gated to
become INWDB L. Similarly, the signals SELO L, SEL2 L, and SEL4 L,
which are functions of QDL 00, QDL 01, and QDL 02 when MATCH is
asserted to the command decoder, are gated to become EN QDL TO
BDAL. This signal enables data from the QDL BUS which is applied to
the transceivers to pass on to the LSI-11 bus.

During an interrupt sequence, the address comparator circuitry provides
passage of the preset interrupt vector address to the LSI-11 bus.
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Command Decoder (DC004)

The command decoder logic controls the flow of data into the status
registers within the DUV 11 and the passage of status information and
data back out to the CPU.

The signals that enable the registers of the DUV 11 such as LD PARCSR,
LD TXDBUF, etc., are generated by gating the outputs of the command
decoder. This logic receives bits O through 2 from the QDL BUS. When
the address comparator outputs MATCH, these bus bits cause the com-
mand decoder logic to output the proper select signal. For example, if
the control logic selector asserts SEL 6 L along with OUTLB L, the re-
sultant gated output is LD TXDBUF (1) L, which causes the transmitter
data buffer to load parallel data from the QDL BUS.

Data Multiplexer

The data multiplexer controls the passage of DUV 11 status signals and
data to the bus transceivers for output to the CPU. Two signals, SEL 2 L
and SEL 4 L, enable the selection of status signals and data which will
pass on to the QDL BUS.

Modem Interface Logic

The modem interface logic contains level converters to change the logic
level signals to the operating voltage levels of the Bell 201 modem. All
logic signals ranging from 2.4 to 3.5 V are converted to +6 V. All ground
(0 V) logic signals are converted to -6 V.

Receiver Control Logic

The receiver circuitry contains the synchronous/asynchronous receiver
chip (SAR) and its supportive logic. Within the SAR, serial data received
from the modem is converted to parallel data for output onto the QDL
BUS. Parameter data is supplied via the QDL BUS. PARCSR (1) L loads
this data into SAR. Having stored these parameters, the receiver detects
the serial received character, accomplishes synchronization, frames the
received character, detects errors, raises the RX DONE flag, and holds
the framed character (for program reading) until the next character is
framed.

Once the RCVR logic is enabled, it operates as programmed. The SCH
SYNC input enables the RVCR logic. The contents of the PARCSR deter-

mine:

1. Mode of operation (internal synchronous, external synchronous, or
isochronous)

2. Length of character to be framed (5, 6, 7, or 8 bits plus parity)

3. Parity (enabled or disabled)

2-264



DUV11

4. Parity sense (odd or even)
5. Sync character configuration.

The method of achieving synchronization is the principal difference be-
tween the modes of operation

1. In the internal synchronous mode, two contiguous sync characters
must be recognized by the RCVR logic to achieve synchronization.
Once synchronization is achieved, the RCVR starts framing on the
very next character bit. The received characters must arrive at the
RCVR in a continuous serial bit stream or synchronization will be lost.

2. The external synchronous mode is designed for use with commu-
nication equipment which accomplishes synchronization external to
the DUV11 interface. The external synchronization logic prohibits
RCVR operation by inhibiting the assertion of SCH SYNC until syn-
chironization with the XMTR has been achieved. When external syn-
chronization is achieved, SCH SYNC asserts, forcing the CVR logic to
the synchronized state. The RCVR then starts framing immediately,
beginning with the very next character bit.

3. In the isochronous mode, each received character is preceded by a
start bit and succeeded by a stop bit, which serves to synchronize the
RCVR. In this mode, the receiver simply does not start framing until it
recognizes a start bit. It then frames the character following the start
bit and looks for a stop bit. If a stop bit is not detected, the character
received is considered invalid, flagged as such, and held for reading
by the program. Hence, in the isochronous mode, characters need not

be preceded by sync characters and need not arrive contiguously at
the RCVR

The strip synchronization character (STRIP SYNC) input determines
whether received sync characters are to be permitted to set the RX
DONE flag. If STRIP SYNC is asserted, all sync characters are discarded
provided no errors are detected.

Transmitter Control Logic

The transmitter circuitry contains the synchronous/asynchronous trans-
mitter chip (SAT) and its supportive logic. The SAT accepts parallel char-
acters from the program, raises the TX DONE flag to request the next
character, and serially outputs the current character to the modem. Be-
fore transmitter operation can begin, the transmitter logic must be in-
itialized and the PARCSR and TXCSR registers programmed.

The high-order bits from the QDL BUS are loaded into the XCSR when
signal LD TXCSR HB H is asserted. The low-order bits are loaded into
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the TXCSR when LD TXCSR LB H is asserted. The signal LD PARCSR
(1) L asserted enables parameter data into the SAT.

The signal SEND (1) H enables the transmitter logic. Once the trans-
mitter is enabled, it operates as programmed. The contents of the
PARCSR determine:

1. Mode of operation (synchronous or isochronous)

2. Length of character to be transmitted (5, 6, 7. or 8 bits plus parity)
3. Parity (enabled or disabled)

4. Parity sense (odd or even)

5. Sync character configuration (used as fill character in synchronous
mode).

There are distinct differences between the two modes of operation:

1. In the synchronous mode, the XMTR receives a parallel transmit char-
acter from the program, generates parity if programmed, serially out-
puts the character plus parity to the modem, and raises the TX DONE
flag to request the next character. If the program fails to provide the
next character before transmission of the current character is com-
plete, the XMTR outputs fill characters to maintain continuous trans-
mission until another data character is provided. Whenever a fill
character is transmitted, the data not available (DNA) flag is raised to
notify the program of fill character transmission.

2. In the isochronous mode, the XMTR receives a parallel transmit char-
acter from the program, generates parity if programmed, outputs a
start bit, serially outputs the character plus parity, outputs a stop bit,
and raises the TX DONE flag to request the next character. However,
in the isochronous mode, if the program fails to provide the next
character before transmission of the current character is complete,
the XMTR simply pauses until the next character is provided. Hence,
the DNA flag is never used in the isochronous mode

The break input inhibits the XMTR output. Whenever the TXCSR break
bit is set, the break input to the XMTR logic asserts and inhibits the
XMTR output. This input enables the program to inhibit the XMTR out-
put, while inputting data directly to the RCVR via the RCVR input select
logic in the internal and external loop maintenance modes.
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Interrupt Control Logic

The interrupt control logic consists of two DCOO3 chips and associated
driving circuitry When the interrupt control logic receives either
RXDONE (1) H, TXDONE (1) H, DATA SET CH (1) H, or DNA H with
their associated interrupt enable signal, it generates BIRQ L (interrupt
request) to the processor. The processor responds with BIAKI L (inter-
rupt acknowledge in). which searches the logic for the originator of the
interrupt. If the interrupt was not originated at the DUV 11, the signal
BIAKO L (interrupt acknowledge out) is passed through with no action
taken. If the DUV 11 had originated the request, EN VEC to BUS H is
asserted and, depending on the particular interrupt, EN UPPER VEC H
may also be asserted. This signal asserted then causes the addressing
logic to load, onto the LSI-11 bus, the contents of the preset vector
address rocker switches. The processor will then perform the pre-
programmed subroutine for that interrupt vector address.

Clear Logic

The clear logic generates clear (CILR) and optional clear (OPT CLR),
which nitialize all DUV11 logic. The INIT signal or MSTRST asserted
will activate the clear signals. INIT is a function of BINIT, which is
received by the interface whenever the computer activates the go func-
tion, the processor executes a reset instruction, or the power-fail se-
quence occurs. The clear logic outputs are asserted as long as the BINIT
signal remains low. MSTRST is program-controlled and is generated by
setting bit 8 of the TXCSR. When bit 8 of the TXCSR is set and LD
TXCSR HB goes low, a 3 us one-shot asserts MSTRST and the clear
signals remain active for the duration of the one-shot.

The OPT CLR output resets RXCSR bits 1, 2, and 3 and thereby clears
the control lines to the modem. By not selecting SW1 option switch,
OPT CLR is disabled. allowing the DUV 11 to be cleared without having
to repeat the handshaking sequence. BRPLY is also inhibited as long as
CLR is asserted.

Clock Control Logic

The clock control logic decodes the maintenance mode select bits and
assigns the transmitter and receiver clocks. There are three possible
clock sources: the modem, the programmable SS CLK (single step
clock), and the system test clock. If the normal operating mode is
decoded. the modem clocks are selectec MSO0O0 (0) H is asserted, en-
abling the modem clock inputs (TRS CLK and REC CLK). If the internal
loop or external loop maintenance mode is decoded, the SS CLK is se-
lected. This program-controlled clock can be operated very slowly to
facilitate troubleshooting. In the internal loop mode, MS0OO (1) H is as-
serted, enabling the SS CLK {1) H. In the external loop mode, MS01 (1)
H and MS0O0 (0) H are asserted, enabling SS CLK (0) H, TRS CLK, and
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REC CLK. SS CLK (0) H drive CLK EXT, which is routed to the modem
test connector, looped back and applied to the TRS CLK and REC CLK
inputs. If the system test mode is decoded, the system test clock is
selected. This output provides an asynchronous clocking source for the
system test mode. MSO1 (1) H and MS0O (0) H are asserted, enabling
the internal system test clock to drive the transmitter and receiver In
this mode, the modem clock inputs (TRS CLK and REC CLK) are inhib-
ited. When the DUV 11 is transmitting in the half-duplex mode, REC CLK
is inhibited. HALF DUP (0) L and SEND (0O) L go high in this condition,
inhibiting REC CLK from reaching the receiver.

+12 to -12 Power Converter

Circuitry is provided to produce -12 Vdc for use by the EIA drivers, the
SAT, and the SAR chips. A 600 kHz clock is used to switch +12 Vinto a
capacitor network to produce approximately -20 V unregulated. This
unregulated voltage is then regulated to -12 V at the output of two twin
zener diode networks. The zeners keep the -12 V to within 5%

Maintenance Indicators

Indicators in the form of light-emitting diodes are provided to display
data lines and modem control states for maintenance purposes. Any of
the following lines asserted will cause its respective LED to illuminate:
RING H, CLR TO SEND H, DATA SET RDY H, CARRIER H, SERIAL
DATA OUT H, and SERIAL DATA IN H.
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DZV11 ASYNCHRONOUS MULTIPLEXER

GENERAL

The DZV 11 1s an asynchronous multiplexer interface module that inter-
connects the LSI-11 bus with up to four asynchronous serial data com-
munications channels. The module provides EIA interface levels and
enough data set control to permit dial-up (auto-answer) cperation with
modems using full-duplex operations such as Bell models 103, 113,
212, or equivalent. The DZV 11 does not support half-duplex operations
such as remote operation over private lines for full-duplex point-to-point
or full-duplex multipoint as a control (master) station. The DZV11-B
includes a BC11U cable assembly for interconnection to the commu-
nication devices

The DZV11-B interface consists of the M7957 module, a BC11U-25
interface cable. and two accessory test connectors (H329 and H325).
The H329 connector permits a staggered loopback. The H325 connector
i1s used with the BC11U cable to provide a single-line loopback.

FEATURES
e Selectable baud rates of 50 to 9600

* Character length of 5-, 6-, 7-, or 8-level code

* Stop bits, 1 or 2, for 6-, 7-, and 8-level code

e Stop bits, 1 or 1.5, for 5-level code

¢ Parity generation and detection for odd, even, and no parity
¢ Transmitter and receiver interrupts

e Generates and detects break signals

SPECIFICATIONS

Identification M7957
Size Quad
Power +5Vdc + 5%at1.15 A
+12Vdec £ 3% at 0.40 A

Bus Loads

AC 41

DC 1
Performance Interface signals meet EIA standard RS-232C
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CONFIGURATION

General

The software control of the DZV11 is performed by six device registers.
These registers are assigned addresses and can be read or loaded by the
program. DIGITAL software requires that the device addresses be within
the range of 160000 to 177777 The M7957 module utilizes the float-
ing address space that starts at 160010 and extends to 164000. The
control and status register (CSR) is assigned the basic address by setting
the rocker switches of E30 on the module as shown in Figure 1. The
correlation between the bit assignments and the switches are detailed in
Figure 2. The remaining register addresses will sequentially follow the
basic address as shown in Table 1. A basic address is preset at the
factory; if the user requires a different address, the switches allow him to
change the addresses to comply with his system. The interrupt vector is
also programmable and can be used with DIGITAL software, provided
that the address is within 300 to 777. The switches of E2 on the module
(Figure 1) allow the user to select an interrupt vector to function within
his system. The correlation between the bit assignments and the
switches are detailed in Figure 3.
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JUMPERS W10 AND W11 MUST BE REMCVED

Figure 1 M7957 Module
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Figure 2 DZV11 CSR Address Bits

Table 1 DZV11 Register Address Assignments

Read/
Register Mnemonic  Address* Write
Control and Status CSR 76XXX0 R/W
Receiver Buffert RBUF 76XXX2 R
Line Parameter 1 LPR 76XXX2 W
Transmitter Control TCR 76XXX4 R/W
Modem Status t MSR 76XXX6 R
Transmit Data T TDR 76XXX6 W

XXX = Selected in accordance with floating device address scheme.
*tDual-purpose register.

BITS 15 14 13 12 11 10

vms;mfss[olo|oloJoL013J11571v61vflv41w|o[ T]

FACTORY l

CONFIGURATION 0
=300 l

1=SWITCH ON

2= SWITCH OFF \_1_

SWITCHES E2

Figure 3 DZV11 Vector Bits

Jumpers

Modem Contro! - There are eight jumpers (W1-W8) used for modem
control. Jumpers W1 through W4 connect data terminal ready (DTR) to
request to send (RTS). This allows the DZV11 to assert both DTR and
RTS when using a8 modem that requires the control of RTS. These jump-
ers must be installed to run the external cable and test diagnostic pro-
grams. Jumpers W5 through W8 connect the forced busy leads to the
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request to send leads. When these jumpers are installed, the assertion of
an RTS signal places an ON or busy signal on the corresponding forced
busy lead. Forced busy jumpers W5-W8 are normally removed unless
they are required for the modem. These modem control jumpers are
listed in Table 2.

Table 2 MODEM Control Jumper Configuration

Jumper Connection Line
W1 DTR to RTS 03
W2 DTR to RTS 02
W3 DTR to RTS 01
wa DTR to RTS 00
W5 RTS to FB 03
W6 RTS to FB 02
W7 RTS to FB 01
w8 RTS to FB 00

Bus Signals - Jumpers W10 and W11 must remain installed when the
module is used in a backplane that supplies bus signals to C and D
connectors such as the H3270. When the module is in a backplane that
utilizes the C-D interconnect scheme (such as the H9273), then jumpers
W10 and W11 must be removed

Testing - Jumpers W9 and W12 through W16 are removed for manu-

facturing test purposes only. These jumpers should not be removed by
the user.

Device Registers

All software control of the DZV11 is performed by six device registers.
Each register is assigned a bus address that can be read or loaded The
following paragraphs define the bits within a register and their specific
function to the operation of the DZV11. Bits that are designated as "'not
used” and “write only” are always read as zero and attempts to load
these bits will have no effect on the operation.

Control and Status Register — The control and status register (CSR) is a
byte and word addressable register. All bits in the CSR are cleared by an
occurrence of BINIT or by setting device master clear (CSR 4). The for-
mat is shown in Figure 4 and the bit assignments are listed in Table 3.
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Figure 4 CSR Bit Assignments

Table 3 CSR Bit Assignments

Bit Name Description
0-2 Not used
3 Maintenance This bit, when set, loops all the trans-

mitter's serial output leads to the corre-
sponding receiver’s serial input leads on a
TTL basis. While operating in mainte-
nance mode, the EIA received data leads
are disabled. Normal operating mode is
assumed when this bit is cleared. This bit
is a read/write bit.

4 Master Clear When written to a one, generates “in-
itialize” within the DZV11. A readback of
the CSR with this bit set indicates
initialize in progress within the device.
This bit is self-clearing. All registers, silos,
and UART are cleared with the following
exceptions:

1. Only bit 15 of the receiver buffer regis-
ter (valid data) is cleared; the remain-
ing bits O through 14 are not.

2. The high byte of the transmitter control
register is not cleared by master clear.

3. The modem status register is not
cleared by master clear.
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Table 3 CSR Bit Assignments (Cont)

Bit

Name

Description

8-9

10-11

12

Master Scan
Enable

Receiver
Interrupt
Enable

Receiver Done

Transmitter
Line Number

Not used

Silo Alarm
Enable

This read/write bit must be set to permit
the receiver and transmitter control sec-
tions to begin scanning. When cleared.
transmitter ready (CSR bit 15) will be
inhibited from setting and the received
character buffers (silos) will be cleared.

This bit, when set, permits the setting of
CSR bits 7 and 13 to generate a receiver
interrupt request. This bit is a read/write
bit.

This is a read-only bit that will set when a
character appears at the output of the
FIFO buffer. To operate in interrupt per
character mode, CSR bit 6 must be set
and CSR bit 12 must be cleared. With
CSR bits 6 and 12 cleared, character flag
mode would be indicated. Receiver done
will clear when the receiver buffer register
(RBUF) is read or when master scan
enable (CSR bit 5) i1s cleared. If the FIFO
buffer contains an additional character,
the receiver done flag will stay cieared a
minimum of 1 us before presenting that
character.

These read-only bits indicate the line
number whose transmit buffer requires
servicing. These bits are valid only when
transmitter ready (CSR bit 15) is set and
will be cleared when master scan enable
is cleared. Bit 8 is the least significant bit.

This is a read/write bit; when set. enables
the silo alarm counter to keep count of the
number of characters stored in the FIFO
buffer. The counter will be cleared when
the silo alarm enable bit is cleared. Condi-
tioning of this bit must occur prior to any
character reception.
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Table 3 CSR Bit Assignments {Cont)

Bit

Name

Description

13

15

Silo Alarm

Transmitter
Interrupt
Enable

Transmitter
Ready

This is a read-only bit set by the hardware
after 16 characters have been entered
into the FIFO buffer. Silo alarm will be
held cleared when silo alarm enable (CSR
bit 12) is cleared. This bit will be reset by
a read to the receiver buffer register and
will not set until 16 additional characters
are entered into the buffer. If receiver
interrupt enable (CSR bit 6) is set, the
occurrence of silo alarm will generate a
receiver interrupt request. Reception with
CSR bit 6 cleared permits flag mode oper-
ation of the silo alarm bit.

This bit must be set for transmitter ready
to generate an interrupt. It is a read/write
bit.

This bit is read-only and is set by the hard-
ware. This bit will set when the trans-
mitter clock stops on a line whose
transmit buffer may be loaded with an-
other character and whose associated
TCR bit is set. The transmitter line num-
ber, specified in CSR bits 8 and 9, is only
valid when transmitter ready is set. Trans-
mitter ready will be cleared by any of the
following conditions:

1. Master scan enable cleared

2. When the associated TCR bit is cleared
for the line number pointed to in CSR
bits 8 and 9

3. At the conclusion of the load instruc-
tion of the transmit data register (low
byte only).

If additional transmit lines require service,
transmitter ready will reappear within 1.4
us from the completion of the transmit
data register load instruction. The occur-
rence of transmitter ready with trans-
mitter interrupt enable set will generate a
transmitter interrupt request.
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Receiver Buffer — The receiver buffer (RBUF) is a 16-bit read-only regis-
ter which contains the received character at the output of the FIFO buf-
fer. A read of the register causes the character entry to be extracted from
the buffer and all other entries to bubble down to the lowest unoccupied
location. Only the valid data bit (RBUF bit 15) is cleared by BINIT or by
setting device master clear (CSR bit 4). Bits 0-14 are not affected. The
bit assignments for the RBUF register are listed in Table 4 and the for-
mat is shown in Figure 5.

BITS 15 14 13 12 11 10 9 3 7 6 5 u 5 1 O
DATA|OVRN|FRAM| PAR [ NOT |NOT FL(IXN:I E;\‘ RBUF|RBUFI FBUFIRBUF| RBUF|RBUF | KBUIF|RE F
VALIDIERR [ERR | ERR | USED|USED} g~ | AI Elo7 D6 CcH D4 D3 02 o1 [alo]

RO RO RO RO RC RO RO R0 RO R R R( RO R

Figure 5 Receiver Buffer Bit Assignments

Table 4 RBUF Bit Assignments

Bit Name Description
0-7 Received These bits contain the received character,
Character right-justified. The least significant bit is
bit 0. Unused bits are O. The parity bit is

not shown.
8-9 Received These bits contain the line number upon
Character Line  which the aforementioned character was
Number received. Bit 8 is the least significant bit.

10-11 Not used

12 Parity Error This bit is set if the sense of the parity of
the received character does not agree
with that designated for that line.

13 Framing Error This bit is set if the received character did
not have a stop bit present at the proper
time. This bit is usually interpreted as in-
dicating the reception of a break.

14 Overrun Error This bit is set if the received character was
preceded by a character that was lost due
to the inability of the receiver scanner to
service the UART receiver holding buffer
on that line.
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Table 4 RBUF Bit Assignments (Cont)

Bit Name Description

15 Valid Data This bit, when set, indicates that the data
presented in bits 0-14 is valid. This bit
permits the use of a character-handling
program that takes characters from the
FIFO buffer until there are no more avail-
able. This is done by reading this register
and checking bit 15 until the program ob-
tains a word for which bit 15 is zero.

Line Parameter Register — The line parameter rggister (LPR) controls
the operating parameters associated with each line in the DZV11. The
LPR is a word-addressable, write-only register. The line parameters for
all ines must be reloaded following an occurrence of either BINIT or
device master clear. Table 5 lists bit assignments and the format is
shown in Figure 6.

Bi'S 1% 14 13 12 11 10 3 8 7 6 5 4 3 2 1 o]
NOT {NOT [ nOT | Rx  [SPEEDISPEEDISPEEDISPEED| opp [PAR |STOP |CHARICHARINOT | LinE | LINE
use0| useo| ust 0| enas|gPPE|S09F [COOE 1CODEY pag | enaglcooe| LT K8TH usen| 8 | A

WO WO WO W0 WO WO WO WO WO WO WO wo

MH 1160

Figure 6 Line Parameter Register Bit Assignments

Table 5 LPR Bit Assignments

Bit Name Description
0-1 Parameter These bits specify the line number for
Line Number which the parameter information (bits 3

through 12) is to apply. Bit O is the least
significant bit.

This bit must always be written as a zero
when specifying the parameter line num-
ber. Writing this bit as a one will extend
the parameter line number field into non-
existent lines. Parameters for lines O
through 3 will not be affected.

2 Not used
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Table 5 LPR Bit Assignments (Cont)

Bit Name Description
3-4 Character These bits are set to receive and transmit
Length characters of the length (excluding parity)

shown below.

4 3
0 (0] 5-bit
0 1 6-bit
1 0 7-bit
1 1 8-bit
5 Stop Code This bit sets the stop code length (0 = 1-

unit stop, 1 = 2-unit stop, or 1.5-unit stop
if a 5-level code is employed).

6 Parity Enable If this bit is set, characters transmitted on
the line have an appropriate parity bit af-
fixed; characters received on the line have
their parity checked.

7 0Odd Parity If this bit and bit 6 are set, characters of
odd parity are generated on the line and
incoming characters are expected to have
odd parity. If this bit is not set but bit 6 is
set, characters of even parity are gener-
ated on the line and incoming characters
are expected to have even parity. If bit 6 is
not set, the setting of this bit is immate-
rial.

8-11 Speed Code The state of these bits determines the op-
erating speed for the transmitter and re-
ceiver of the selected line.

11 10 9 8 Baud Rate
0 0 0 0 50

0 0 0 1 75

0 0 1 0 110

0 0 1 1 1345

0 1 0 0 150

0 1 0 1 300

0 1 1 0 600

0 1 1 1 1200
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Table 5 LPR Bit Assignments (Cont)

Bit Name Description
11 10 9 8 Baud Rate
1 0 0 0 1800
1 0] 0] 1 2000
1 0 1 0 2400
1 0 1 1 3600
1 1 0 0 4800
1 1 0 1 7200
1 1 1 0 9600
1 1 1 1 Invalid
12 Receiver This bit must be set before the UART re-
Enable ceiver logic can assemble characters from

the serial input line. This bit will be cleared
following a BINIT or device master clear.

13-15 Not used

Transmitter Control Register - The transmitter control register (TCR) is
a byte- and word-addressable register. The low byte of the TCR contains
the transmitter control bits which must be set to initiate transmission on
a line. Each TCR bit position corresponds to a line number. For example,
TCR bit O corresponds to line O, bit 1 to line 1, etc. Setting of a TCR bit
causes the transmitter scanner clock to stop if the UART for this line has
a transmit buffer empty condition. An interrupt will then be generated if
transmitter interrupt enable is set. The scanner clock will restart when
either the transmit data register is loaded with a character or the TCR bit
1s cleared for the line on which the clock has stopped. TCR bits must only
be cleared when the scanner is not running. The format is shown in
Figure 7.

BIT,» 15 14 13 12 Al 1 0

NOT INOT |NOT {NOT OTR DTR DTR DTF! NCT | NOT | NOT {NOT LINE LINE LINE ‘E;VNAEB
USEC|USED| USEDJUSED]| 3 USED| USED| USED 0

USED ENAB ENAB ENAB
RW RW
Figure 7 Transmitter Control Register Bit Assignments

MA 1166

The TCR bits are represented in bits O through 3. These bits are
read/write and cleared by BINIT or device master clear. Bits 4 through 7
are unused and read as zero
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The high byte of the TCR contains the writable modem control lead, data
terminal ready (DTR). Bit designations are as follows.

Bit Name
8 DTR Line O
9 DTR Line 1
10 DTR Line 2
11 DTR Line 3
12-15 Unused. Read as zero

Assertion of a data terminal ready bit puts an ON condition on the appro-
priate modem circuit for that line. Data terminal ready bits are read/write
and cleared only by BINIT. Jumpers have been provided to allow the
request to send circuits to be asserted with data terminal ready asser-
tions.

Modem Status Register - The modem status register (MSR) is a 16-bit
read-only register. A read to this register results in the status of the
readable modem control leads, ring and carrier. The ON condition of a
modem control lead is interpreted as a logical 1. Bits 4 through 7 and 12
through 15 are unused and read as a zero. Remaining bit designations
are shown in Figure 8 and explained below.

BITS 15 14 1 0

NOT |NOT |NOT |NO CO CO CO CO | NOT |NOT Ri l Ri
USED| USED| USED USE 0 | USED|uUSED USED SED 3 o
RO

ME

RI

Figure 8 Modem Status Register Bit Assignments

Bit Name
0 Ring Line O
1 Ring Line 1
2 Ring Line 2
3 Ring Line 3
4-7 Unused. Read as zero.
8 Carrier Line O
9 Carrier Line 1
10 Carrier Line 2
11 Carrier Line 3
12-15 Unused. Read as zero.
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Transmit Data Register — The transmit data register (TDR) is a byte-
and word-addressable, write-only register. Characters for transmission
are loaded into the low byte. TDR bit O is the least significant bit. Load-
ing of a character should occur only when transmitter ready (CSR bit 15)
is set. The character that is loaded into this register is directed to the line
defined in CSR bits 8 and 9. The high byte of the transmit data register is
designated as the break control register. The bit designations are shown
in Figure 9.

B1TS L 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NOT [NOT | NOT [ NOT BRK | BRK | BRK | BRK | TBUF| TBUF| TBUF| TBUF| TBUF | TBUF| TBUF | TBUF
USED| LSED| LUSED| USED] 3 2 1 4] 7 6 5 4 3 2 1 0

w0 W0 WO w0 w0 wo w0  wo w0 w0 WO wo
VR 1168

Figure 9 Transmit Data Register Bit Assignments

Each of the four multiplexer lines has a corresponding break bit for that
line. TDR bit 8 represents the break bit for line O, TDR bit 9 for line 1,
etc. TDR bits 12 through 15 are unused. Setting a break bit will force
that line’s output to space. This condition will remain until cleared by the
program. This register is cleared by BINIT or device master clear. The
break control register can be utilized regardless of the state of the device
maintenance bit (CSR bit 3).

FUNCTIONAL DESCRIPTION

General

The DZV11 module transmits communication data from the LSI-11 bus,
through the interface, to the transmitter data register in the UARTSs.
There it is converted from parallel data to serial data and sent to the EIA
transmitters. The transmitters convert the serial data from TTL levels to
EIA levels and send it to the communication line. A functional diagram of
the module is shown in Figure 10.

Data coming in from the communication lines is converted from EIA to
TTL by the EIA receivers, ther from serial to parallel by the UARTs. The
parallel data leaves the UART receiver buffers and is stored in the silo
buffer. From there it is transferred via multiplexers to the bus interface.
The bus interface places the data on the LSI-11 bus.

The interrupt logic requests interrupt service when a transmitter is empty

and when the silo buffer has either 1 or 16 characters of received data.
as selected by the program.
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Figure 10 Bus Interface, /0 Control, and Interrupt Logic
The transmitter control determines which of the four possible lines is to
be used, and controls the loading of the data.

The receiver control scans the receiver status and controls the loading
and unloading of the silo.

The speed and format control generates clock signals for the UARTSs.

Under program control, it selects baud rate and stop bit, parity bit, and
character length parameters.
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The break logic inhibits output data to create a break signal. The four
lines operate independently and under program control.

The maintenance mode data selector provides the capability of switch-
ing the data outputs and the data inputs. This is used to verify module
operation

The power supplies convert voltages available on the LSI-11 bus into
other voltages also required by the module

Bus Interface

Data and control signals move between the LSI-11 bus and the DZV 11
transmit and receive circuitry by means of a group of bus transceivers,
multiplexers. and latches. Figure 10 indicates the functional relationship
of these circuits to the addressable device registers.

The bus transceivers are contained in four DCOO5 transceiver chips.
These interface LSI-11 bus lines BDAL 00 through BDAL 15 to the
module’'s internal device data bus lines O through 15. The device data
bus lines have three logical conditions: TTL low, TTL high, and disabled.
The disabled state has a very high impedance. This permits the internal
bus lines to be used in both directions by high-speed, low-power
devices

The transceiver chips also perform the functions of address decoding
and vector generation. Address decoding is accomplished by comparing
the states of BDAL 03 through BDAL 12 with the states selected by
address switches A03 through A12 (switches 10 through 1, respec-
tively, on switch pack E30). When the LSI-11 addresses an |/0 device, it
asserts BBS7 L (bank select 7) during address time. This indicates that
the address is in the 28-32K range of addressing space, and enables the
DCOO5 transceivers to decode the address. If the address matches the
switch selection, the circuit asserts DEVICE SELECT H to the 170 control
logic.

During data time, the transceivers transfer data from the LSI-11 bus
lines to the device data bus lines if the operation is an output data trans-
fer. If the operation is a input data transfer, the 1/0 control logic asserts
READ L and READ DEVICE H. This switches the transceivers to their
opposite state in which they transfer data from the device data bus to
the LSI-11 bus.

The bus interface logic generates vector addresses under the control of
the interrupt logic and vector address switches VO3 through V08
(switches 6 through 1, respectively, on switch pack E2.) The vector
switches set the states of vector bits 3 through 8 when the interrupt
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logic enables vector generation Bit 2 is controlled directly by the inter-
rupt logic. It is set for a transmitter interrupt and cleared for a receiver
interrupt.

When an interrupt occurs, the conditions selected by the vector switches
are immediately placed on the LSI-11 bus lines. The transceivers do this
without need of READ L or READ DEVICE H from the |I/0 control circuit

1/0 Control

The 1/0 control logic controls the flow of status bits and data bits
between the LSI-11 and the device registers. It monitors the three least
significant bits of the address word to determine which register i1s to be
read or loaded, and which byte in the register is affected. It monitors
BWTBT L (write byte) to determine if a byte is being loaded or a word is
being loaded. (The LSI-11 can write bytes, but reads only words.) Con-
trol signals BDIN L and BDOUT L indicate whether data is to be moved
into the computer or out of it.

The major element in the 1/0 control circuit is a DCO04 protocol chip
The chip uses device data bus bits 1 and 2 to decode the device register
address and then asserts one of four register select lines. It uses device
data bus bit O and BWTBT L to select either OUT HB for a high byte or
OUT LB for a low byte. If the operation is an output data transfer (in-
dicated by BDOUT L), the register load decoder uses OUT LB or OUT HB
(or both) and the register select signals to produce a load pulse. The load
pulse enables the proper byte or bytes of the selected register to be
loaded from the device data bus.

The register select lines are also used to control the address lines on a
group of eight multiplexers. If the operation is an input data transfer
(indicated by BDIN L), the I/O control switches the multiplexers to the
selected register and asserts READ L and READ DEVICE H. READ L
enables the multiplexers to place the data from the selected register
onto the device data bus. READ L and READ DEVICE H together enable
the bus transceivers to transfer the data from the device data bus to the
LSI-11 bus.

Vector Operation — The 1/0 control has the additional function of
asserting BRPLY L in response to VECTOR-TO-BUS H from the interrupt
control circuit. This action is part of the interrupt sequence, and is inde-
pendent of the BSYNC L and DEVICE SELECT H.

Initialize Circuit — This circuit produces two initialization signals (IN-
ITIALIZE H and INITIALIZE L) when it receives either BINIT L from the
LSI-11 bus or the master clear bit from the CSR. In addition, both input
signals generate other clear signals. The initialization and clear signals
clear the registers and latches on the module to set initial conditions.
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Interrupt Logic

Most of the logic for interrupts is contained in a single DCOO3 interrupt
chip. The chip contains two interrupt channels: one for receiver inter-
rupts and one for transmitter interrupts. The circuit generates a receiver
interrupt either when the RBUF has one character ready for the com-
puter (receiver done interrupt) or when the silo buffer has 16 characters
ready (silo alarm interrupt.)

The receiver done interrupt is enabled by setting CSR bit 6. The silo
alarm interrupt is enabled by setting bit 12. Setting bit 12, however,
inhibits the receiver done signal from the RBUF. Therefore, receiver done
interrupts do not occur when silo alarm interrupts are enabled.

The circuit generates a transmitter interrupt when the transmitter data
register is empty and ready for another data output from the computer.
The transmitter ready interrupt is enabled by setting CSR bit 14.

Both the transmitter and receiver interrupt enable bits are located phys-
ically in the DCOO3 interrupt chip although they are functionally part of
the CSR.

The LSI-11 bus interrupt acknowledge signal (BIAKI L/BIAKO L) is
daisy-chained through the devices on the LSI-11 bus. A device priority is
established by its position in the interrupt acknowledge daisy-chain. In
the DZV11 interrupt logic, the chain goes through both the receiver sec-
tion and the transmitter section of the interrupt chip. It passes through
the receiver section first, thereby giving receiver interrupts priority over
transmitter interrupts.

Interrupt Transactions — When interrupts are enabled and a condition
requiring service occurs, the interrupt sequence proceeds as follows:

1. The interrupt logic asserts BIRQ L, the interrupt request line.

2. The LSI-11 bus responds to BIRQ L by asserting BDIN L and then
BIAKI L. BIAK is the bused interrupt acknowledge signal. It is passed
down the priority chain until it reaches the section of the interrupt
chip that initiated the request.

3. When the interrupt logic receives both BDIN L and BIAKI L, it asserts
VECTOR-TO-BUS H to the vector selection switches. If the interrupt
is a transmitter interrupt, the circuit also asserts VECTOR BIT 02 H.
This signal adds four to the base (receiver interrupt) vector that is
asserted by VECTOR-TO-BUS H. The circuit also negates BIRQ L.
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4. VECTOR-TO-BUS H causes the 1/0 control logic to issue BRPLY L to
the LSI-11. VECTOR-TO-BUS H and, if applicable, VECTOR BIT 02 H
cause the bus transceivers to place the selected vector on the LSI-11
bus lines.

5. The computer reads in the interrupt vector and then, as a result of
receiving BRPLY L, negates BDIN L. Shortly after this, it also negates
BIAKI L.

6. The interrupt logic negates VECTOR-TO-BUS H and. if applicable.
VECTOR BIT 02 H.

7. The negation of VECTOR-TO-BUS H causes the /0 control logic to
negate BRPLY L and the bus transceivers to remove the vector from
the LSI-11 bus lines.

An interrupt transaction does not require BBS7 L, DEVICE SELECT H,
BSYNC L, or READ L. The interrupt logic overrides the normal /0 pro-
tocol.

A silo alarm interrupt can be distinguished from a receiver done interrupt
by checking the corresponding bits in the CSR when entering a service
routine.

EIA Receivers

The DZV11 receives three modem signals for each of the four commu-
nication lines it interfaces. Carrier detect, ring indicator, and received
data are received and converted from EIA levels to TTL levels. The carrier
and ring signals go to the modem status register. The received data
signals go to the RBUF (in the UARTS)

EIA Transmitters

The DZV11 can control up to three modem control signals for each of
the four communication lines it interfaces Control bits from the trans-
mitter control register are converted from TTL levels to EIA levels to
drive modem control lines. For each line there is a single control bit that
is always connected to data terminal ready. These signals may be jump-
ered to also control request to send. If this is done, they may then be
further jumpered to control forced busy (for Bell model 013E and 113B
modems with the forced busy option).

Data to be transmitted from the computer to the lines moves from the

transmitter data buffer to the EIA transmitters, where it is converted
from TTL levels to EIA levels and placed on the lines.
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UARTs

The DZV11 uses four universal asynchronous receiver/transmitter
(UART) chips, one for each of the four communication lines. Each UART
performs part of the functions of the receiver buffer (RBUF), transmitter
data register (TDR)., and line parameter register (LPR) for the channel
under its control. The RBUF takes serial data received by the EIA
receivers, strips off the start, stop, and parity bits, converts it to parallel
data. and places it on the device data bus. The TDR takes parallel data
from the device data bus, appends start, stop, and parity bits, converts it
to serial data, and sends it to the EIA transmitters. The LPR controls the
speed, parity, and number of stop bits that the RBUF and TDR use.

Setting Line Parameters - The low byte of the LPR is contained inside
the UARTSs, and controls the data format. The high byte is contained in
the baud rate generator circuits and controls the speed at which data is
transmitted and received.

When the computer addresses the LPR, the I/0 control logic generates a
load pulse. The load pulse enables LPR bits O and 1 to strobe the
selected UART and baud rate generator. Bits 3 through 7 are latched
into the UART to select the data format. Bits 8 through 11 are latched
into the baud rate generator to select the speed. Bit 12 enables the
receiver clock signal to reach the UART.

UART Receiver Operation - Serial data coming in from the EIA re-
ceiver is applied to the receiver section of the selected UART. The UART
samples the serial input at the receiver clock rate (16 times the data bit
rate.) The line is in a continuous marking state when idle. When a start
bit arrives, the UART detects the mark-to-space transition. It samples
the line again at the time corresponding to the middle of the start bit. If
the line 1s marking, the UART logic assumes that the first sample was
noise, and resumes sampling. If it finds that the line is still spacing.
however, the logic assumes it is receiving a start bit, and enters the data
entry mode. In this mode the UART shifts the data serially into an inter-
nal register. If parity is enabled, the UART checks the total of the re-
ceived data bits plus the parity bit. (It checks for an even total if even
parity has been selected, and an odd total if odd parity has been se-
lected.) A parity error causes the UART to set the parity error flag bit in
the high byte of the RBUF word.

The UART checks the stop bit to see if it is marking. If the line is spacing
instead, the UART sets the framing error flag bit. If the line is marking,
the UART logic assumes there is a valid stop bit.

About half-way through the stop bit time, the UART transfers the re-

ceived character data, the parity error bit, and the framing error bit from
the serial shift register to the holding register. At this time it asserts the
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data available signal to the receiver control logic. If the previous charac-
ter has not yet been serviced by the receiver control logic, the UART sets
the overrun error flag bit to indicate that the previous character was lost.

The receiver control loads the contents of the RBUF (data and status)
into the silo buffer for subsequent transfer to the computer. The receiver
control circuit determines when and what type of receiver interrupt to
request.

UART Transmitter Operation — During idle time, the UART transmits a
continuous marking signal and holds the transmitter ready signal (TBMT)
asserted. The transmitter control circuitry uses this signal to determine
when to initiate a transmitter interrupt request.

When the computer has data to transmit to a communication line, it uses
a DATO or DATOB sequence to address the TDR and place the data on
the bus lines. The low byte of the TDR word is loaded into a holding
register in the UART. When the data enters the holding register, the
UART negates TBMT. It then transfers the data in parallel from the hold-
ing register to a serial shift register and reasserts TBMT. In the serial
shift register, the UART attaches start, stop, and parity bits, as set by the
LPR. The assembled character is then shifted serially out to the EIA
transmitter.

Because the transmitter, like the receiver, is double-buffered. it can be
loading in a second character before the first one moves out.

Break Bits

The transmission and reception of break bits are closely related to the
transmission and reception of data. A break signal is a continuous spac-
ing condition on the serial data line. When a UART receives a break
signal, it interprets the continuous space as a character that is missing a
stop bit. Therefore, it sets the framing error flag. The program then deter-
mines how a framing error is handled.

A break signal may be transmitted by interrupting the flow of serial data
leaving the UART. The high byte of the TDR may be thought of as a
break register. It contains one break bit for each of the four commu-
nication channels. Setting one of these bits will inhibit the flow of data
from the UART transmitter to the EIA transmitter, thereby causing a
break to be transmitted on the communication line.

Speed and Format Control

The circuits controlling speed and format include the line parameter reg-
ister, two dual baud rate generator chips, an oscillator, and two address-
able latches.
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When the LSI-11 bus writes a word out to the LPR, the following events
occur.

1. During address time the bus interface and 1/0 control circuitry decode
the address and produce a load pulse, LD LPR REGISTER L.

2. During data time, the load pulse enables two addressable latches to
be addressed by bits O through 2. One latch routes the state of bit 12
to a gate that inhibits or enables the receiver clock to the selected
UART. For a receive operation the clock is enabled; for a transmit
operation it is inhibited.

The other latch applies an enabling signal (CONTROL STROBE H) to
both the UART and the baud rate generator chip section that control
the communication line selected by bits O through 2.

3. Bits 3 through 7 are strobed into the selected UART to select the
number of data bits, the number of stop bits, and odd, even, or no
parity.

4. Bits 8 through 11 are strobed into the selected baud rate generator
chip to control the amount by which the 5 MHz oscillator is divided to
produce the UART clock signal.

Thus. the line parameter register is formed by the latches located in the
UARTS, baud rate generators, and addressable latches.

Receiver Control

Receiver Scanner — The receiver scanner circuit samples the states of
the data available signals from the UARTs. When it detects a true condi-
tion, it generates a load pulse to transfer the received data from the
UART to the silo buffer. The sequence in which the receiver data avail-
able (DA) flags are scanned and the characters loaded into the silo buffer
1s controlled by a 4-phase timing sequencer and a group of multiplexers,
demultiplexers, and counters.

The sequencer produces four timing signals. The signal times are desig-
nated Phase 1 through Phase 4.

During Phase 1, a signal toggles the address generator to increment by
one count. The two least significant bits of the counter are used as a 2-
bit address code, designated RCV SCAN LEAD A and RCV SCAN LEAD
B. These two signals address a multiplexer. The multiplexer selects the
data available line from the UART corresponding to the address code
and applies it to a gate. The other input to the gate is a ready signal from
the silo buffer. This s