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CHAPTER 1

INTRODUCTION

1.1 SCOPE AND CONTENTS

This Handbook is a reference guide describing PDP-11 equipment other
than central processors. It includes descriptions, specifications, pro-
gramming and interfacing information on PDP-11 peripherals and op-
tions. The information in the Handbook supplements material found in
the various PDF-11 Processor Handbooks. Familiarity with or access to a
Processor Handbook will greatly facilitate an understanding of the mate-
rial in this Handbook.

The intent of this Handbook is to provide extensive information on oper-
tion of PDP-11 peripheral equipment. It is not intended to be the sole
reference for the peripherals. More comprehensive and detailed infor-
mation is available in Peripherals Manuals, Maintenance Manuals, and
Programming Manuals. Improvements and modifications in equipment
made after March 1976 are not refiected in this Handbook,

1.2 PERIPHERAL EQUIPMENT

Digital Equipment Corporation designs and manufactures many of the
peripheral devices described in this Handbook. The general design cri-
teria was to provide maximum system throughput for peripherals when
matched to a PDP-11 central processor—the processors and the periph-
erals were designed to work together. In addition to providing individual
peripheral performance the overall goal is to provide a broad spectrum
of compatible peripheral devices. This broad spectrum of peripherals
and processors means the user can start with any system and be sure of
easy compatible upgrades as needs increase. This ability when coupled
with DIGITAL software and support allows going to one source for all
data processing needs.

1.3 PDP-11 EQUIPMENT PHILOSOPHY

The PDP-11 family is a comprehensive set of hardware/software facil-
ities that includes various central processors, a large number of periph-
eral devices and options, and extensive software. Products are com-
patible with each other. Thus, the user can choose the system which is
most suitable to present applications and be sure that as needs change
or grow, equipment can easily be changed or added. Some of the char-
acteristics of PDP-11 equipment are:

¢ 16-bit word (two 8-bit bytes)
direct addressing of 32K 16-bit words or 64K 8-bit bytes (K = 1024)

e Word or byte processing
central processors are hardwired for word or byte instructions

e Asynchronous operation
systems run at their highest possible speed, replacement with faster
devices means faster operation with no other hardware or software
changes



e Modular component design
extreme ease and flexibility in configuring systems

e Direct Memory Access (DMA)
inherent in the architecture is direct memory access for multiple
devices

e Automatic Priority Interrupt
four-line, multi-level system permits grouping of interrupt lines ac-
cording to response requirements

e Vectored interrupts
fast interrupt response without device polling

e Power Fail & Automatic Restart
hardware detection and software protection for fluctuations in the
AC power

1.4 CENTRAL PROCESSOR

The central processor, connected to the UNIBUS as a subsystem, con-
trols the time allocation of the UNIBUS for peripherals and performs
arithmetic and logic operations and instruction decoding. It contains
multiple high-speed general-purpose registers which can be used as ac-
cumulators, address pointers, index registers, and other specialized
functions. The processor can perform data transfers directly between
input/output (1/0) devices and memory without disturbing the processor
registers; does both single- and double-operand addressing and handles
both 16-bit word and 8-bit byte data.

Instruction Set

The instruction complement uses the flexibility of the general-purpose
registers to provide over 400 powerful hard-wired instructions. Unlike
conventional 16-bit computers, which usually have three classes of in-
structions (memory reference instructions, operate or control instruc-
tions and 1/0 instructions) all operations in the PDP-11 are accom-
plished with one set of instructions. Since peripheral device registers
can be manipulated as flexibly as core memory by the central processor,
instructions that are used to manipulate data in core memory may be
used equally well for data in peripheral device registers.

1.5 UNIBUS

Most computer system components and peripherals connect to and com-
municate with each other on a high-speed bus known as the UNIBUS,
see Figure 1-1.

S S SN S

PDP-11 PERIPHERAL PERIPHERAL CONSOLE
CPU DEVICE DEVICE TERMINAL

MAIN
MEMORY

Figure 1-1 PDP-11 System Block Diagram



The form of communication is the same for every device on the UNIBUS.
The central processing unit (CPU) uses the same set of signals to com-
municate with main memory as with peripheral devices. Peripheral de-
vices also use this set of signals when communicating with the pro-
cessor, memory or other peripheral devices. Each device, including
memory locations, processor registers, and peripheral device registers,
is assigned an address on the UNIBUS.

With bidirectional and asynchronous communications on the UNIBUS,
devices can send, receive, and exchange data with minimum processor
intervention, Because it is asynchronous, the UNIBUS is compatible
with devices operating over a wide range of speeds. Interfaces to the
UNIBUS are not time dependent; there are no pulse-width or rise-time
restrictions.

Full 16-bit words or 8-bit bytes of information can be transferred on the
bus. The information can be instructions, addresses, or data. Direct
data transfers can occur between a peripheral device control and
memory.

Refer to Chapter 5 for more detailed information about the UNIBUS
and data transfers.

1.6 SOFTWARE

The PDP-11 family of central processors and peripherals is supported
by a comprehensive family of licensed software products. This software
family includes support for small stand-alone configurations, disk based
real-time and program development systems, large multi-programming
and time sharing systems, and many diverse dedicated applications.
Some examples of general purpose operating systems and standard high
level language processors are:

e PAPER TAPE SYSTEM (PTS-11)—A core only high-speed paper tape
system with program development in assembly language. Editor, de-
bugger, and linker are supplied along with a relocating assembler.

CASSETTE PROGRAMMING SYSTEM (CAPS-11)—A small program de-
velopment system with a core based monitor, utilizing dual magnetic
tape cassettes as file structured media. Complete program develop-
ment utilities such as a relocating assembler, linker, editor, debugger,
and file interchange program are included.

SINGLE USER ON-LINE PROGRAM DEVELOPMENT SYSTEM (RT-11)—
‘A small, powerful, easy-to-use disk (or DECtape) based system for
program development or fast on-line (real-time) applications. A Fore-
ground/Background version can accommodate simultaneous program
development in the background with on-line applications in the fore-
ground. A MACRO assembler, linker, editor, debugger, and file utility
programs are included.

¢ REAL-TIME MEMORY-BASED SYSTEM (RXS-11S)—A small, real-time
operating system that provides a run-time environment for execution
of tasks developed on an RSX-11M host system. RSX-11S is program
compatible with both the RSX-11M and RSX-11D systems; any task
that executes under RSX-11S will execute under the other two, more
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powerful systems. RSX-11S is suitable for dedicated application en-
vironments.

MULTI-TASKING PROCESS CONTROL SYSTEM (RSX-11M)—An effi-
cient multi-tasking system suitable for controlling many processes
simultaneously, in a protected environment with concurrent develop-
ment of new programs. Utilities include a MACRO assembler, task
builder (linker), editor, debugger, and file utility programs.

COMPREHENSIVE MULTI-PROGRAMMING SYSTEM (RSX-11D)—The
total job operating system. As a compatible extension of RSX-11M,
the system allows concurrent fully hardware protected execution of
multiple on-line jobs, with BATCH program development. Complete
utilities include a MACRO assembler, task builder (linker), editor, de-
bugger, and file utility programs.

EXTENDED RESOURCE TIME SHARING SYSTEM (RSTS/E)—A disk-
based time sharing system implementing BASIC-PLUS, an enriched
version of the popular BASIC language. Up to 32 simultaneous users
share system resource via interactive terminals. Additional features
such as output spooling, and comprehensive file protection are in-
cluded.

e INTERACTIVE APPLICATION SYSTEM (IAS)—A multi-function, multi-
language operating system capable of supporting timesharing, real-
time, and batch programming concurrently. It supports up to 16
interactive terminals and versions of BASIC, FORTRAN, COBOL, and
MACRO assembler.

e BASIC-11—An extended version of Dartmouth Standard BASIC is avail-
able for PTS-11, CAPS-11 and RT-11. Many applications, such as signal
processing and graphics are accessed by the user through extensions
to this simple, yet powerful, language. A multiuser version is available
under PTS-11 and RT-11.

e PDP-11 FORTRAN IV—An extended version of ANSI| standard FOR-
TRAN is supplied with RSX-11M and RSX-11D, and available under
RT-11. As an optimizing compiler, FORTRAN 1|V is designed for fast
compilation, yet requires very little main memory, and generates
highly efficient code without sacrificing execution speed. Under RT-11,
FORTRAN |V features the same signal-processing and graphics ex-
tensions as BASIC-11.

e FORTRAN-IV PLUS—A compatible extension to PDP-11 FORTRAN 1V,
this system uses sophisticated optimizations to achieve the fastest
possible execution speed of the generated code. FORTRAN IV-PLUS
requires a PDP-11/45 and Floating Point Processor hardware, in addi-
tion to the RSX-11D operating system.

e PDP-11 COBOL—To supplement the business data processing needs
often associated with large scale PDP-11 system applications, an
ANSI-74 COBOL language is available under RSX-11D. Running as a
BATCH job, COBOL enhances the RSX-11D total job computing sys-
tem, where some business data processing is required.

In addition to the above mentioned general purpose licensed software
products, DIGITAL offers a great number of addition optional and ap-
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plications oriented products. A wide range of educational, consulting,
and maintenance services are also offered, to ensure full utility of any
PDP-11 system. For a complete and detailed listing of DIGITAL software
products and services, consult the latest CATALOG OF SOFTWARE
PRODUCTS and SERVICES.

1.7 PDP-11 WORD

The 16-bit PDP-11 word can be represented conveniently as a 6-digit
octal word. Bit 15, the Most Significant Bit (MSB), is used directly as
the Most Significant Digit of the octal word. The other 5 octal digits are
formed from the corresponding groups of 3 bits in the binary word. See
Figure 1-2.

Octal Representation

8 6 5 3 2 1

l ] ] PDP-11 WORD
O OdJ OJ 6 DIGIT OCTAL
Figure 1-2

When an extended address of 18 bits is used (shown later in the Hand-
book), the Most Significant Digit of the octal word is formed from bits
17, 16, and 15. For unsigned numbers, the correspondence between
decimal and octal is:

Decimal Octal
0 000 000
(2% — 1) = 65,535 177 777 (16-bit limit)
(2" — 1) = 262,143 777 777 (18-bit limit)
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CHAPTER 2
PROGRAMMING

2.1 GENERAL

Programming of peripherals is extremeily simple in the PDP-11; a special
class of instruction to deal with input/output operations is unnecessary.
The UNIBUS permits a unified addressing structure in which control,
status, and data registers for peripheral devices are directly addressed
as memory locations. Therefore all operations on these registers, such as
transferring information into or out of them or manipulating data within
them, are performed by normal memory reference instructions.

The use of all memory reference instructions on peripheral device regis-
ters greatly increases the flexibility of input/output programming. For
example, information in a device register can be compared directly with
a value and a branch made on the result.

All peripheral device registers can be treated as accumulators. There is
no need to funnel all data transfers, arithmetic operations, and com-
parisons through a single or small number of accumulator registers.

2.2 ADDRESSES

Words and Bytes

Since the PDP-11 can operate on individual 8-bit bytes, a 16-bit word
allows addressing 65,536 bytes (2'¢ = 65,536). It is common to refer
to this as 64K, where K is'equal to 1,024. Thus 64K bytes, or 32K 16-bit
words are directly addressable. Actually in the PDP-11, the top 4K ad-
dresses are reserved for internal CPU registers and external input/
output (1/0) registers. If all of the memory space were used, there could
be 28K words of physical memory plus 4K locations for the CPU and 1/O
registers.

A PDP-11 word is divided into a high byte and a low byte as shown in
Figure 2-1.

15 8 7 0

L HIGH BYTE LOW BYTE :
e R e

Figure 2-1 PDP-11 Word

Low bytes are stored at even numbered memory locations and high
bytes are stored at odd numbered locations. Words always start at even
numbered locations.
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Expanded Addressing

With the large PDP-11 computers, expansion above 28K of memory can
be achieved by using the Memory Management option. Memory Manage-
ment provides an 18-bit effective memory address which permits ad-
dressing up to 124K words of actual memory, or with the PDP-11/70,
22 bits are used to address over 2 million words.

If Memory Management is not used, an octal address between 160 000
and 177 777 is interpreted as 760 000 to 777. That is, if bits, 15, 14, and
13 are 1’s, then bits 17 and 16 (the extended address bits) are con-
sidered to be 1's, which relocate the last 4K words (8K bytes) to be-
come the highest locations accessed by the UNIBUS.

2.3 DEVICE REGISTERS

All peripheral devices are specified by a set of registers which are ad-
dressed as main memory. There are two types of registers associated
with each device:

a) Control and status
b) Data buffer

Control and Status Registers

Each peripheral has one or more control and status registers that con-
tain all the information necessary to communicate with that device. The
general form, shown in Figure 2-2 does not necessarily apply to every
device, but is presented as a guide.

15 121110 8 7 6 5 4 3 10
[ T T T IT. Ty 1]
L___V___J?%,_J -

ERRORS————’ ‘ 1

BUSY

UNIT SELECT:

DONE OR READY
INTERRUPT ENABLE
MEMORY EXTENSION
DEVICE FUNCTION
ENABLE

Figure 2-2 Control & 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 con-
trol registers.

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

BIT NAME FUNCTION

15-12 Errors Generally there is an individual bit associ-
ated with a specific error. When more bits
are required for errors, they can be ob-
tained by expanding the error section in
the word or by using another status word.
Generally Bit 15 is the inclusive OR of all
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other error bits (if there is more than
one). Most devices will have ‘“‘hard’ error
conditions which will cause an interrupt if
bit 6 is set. Some may also have ‘soft”
errors (warning types) which do not cause
immediate interrupts. All errors are gener-
ally indicated by individual status bits.

11 Busy Set to indicate that a device operation 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
select 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, de-
pending on the device. These bits are set
and cleared by the peripheral device, but
may be queried by the program to deter-
mine 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.

2.4 PROCESSOR REGISTERS

2.4.1 General Registers

The central processor contains 8 general registers which can be used for
a variety of purposes. The registers can be used as accumulators, index
registers, auto-increment registers, auto-decrement registers, or as stack
pointers for temporary storage of data. Arithmetic operations can be
from one general register to another, from one memory or device register
to another, or between memory or a device register and a general regis-
ter. Refer to Figure 2-3.

R7 is used as the program counter (PC) and contains the address of the
next instruction to be executed. It is a general register normally used
only for addressing purposes and not as an accumulator for arithmetic
operations.
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GENERAL
REGISTERS RO

R6 (SP)
STACK POINTER

R7 (PC)
PROGRAM COUNTER

Figure 2-3 General Registers

The R6 register is normally used as the Stack Pointer indicating the last
entry in the appropriate stack (a common temporary storage area with
“Last-in First-Out’’ characteristics).

2.4.2 Processor Status Word (PS) 777 776

MODE INFORMA"ON«—‘ J
PRIORITY

CONDITION CODES

Figure 2-4 Processor Status Word

The Processor Status word, at location 777776, contains information on
the current status of the computer. This information includes the condi-
tion codes describing the results of the last instruction; and an indicator
for detecting the execution of an instruction to be trapped during pro-
gram debugging, see Figure 2-4.

Bits 15 to 11 are used in the larger PDP-11 computers for operational
mode information, and will not be covered in this Handbook. Refer to
the Processor Handbooks for further information.

Processor Priority

The central processor operates at any one of eight levels of priority, 0-7.
When the CPU is operating at level 7 an external device cannot interrupt
it with a request for service. The central processor must be operating
at a lower priority than the external device’'s request in order for the
interruption to take effect. The current priority is maintained in the
Processor Status word (bits 7-5), with bit 5 being the LSB. The 8 proces-
sor levels provide an effective interrupt mask.
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Condition Codes
The condition codes contain information on the result of the last CPU
operation.

The bits are set as follows:
Z =1, if the result was zero
= 1, if the result was negative
C = 1, if the operation resulted in a carry from the MSB
V = 1, if the operation resulted in an arithmetic overflow

2

Trap

The trap bit (T) can be set or cleared under program control. When set,
a processor trap will occur through location 14 on completion of instruc-
tion execution and a new Processor Status word will be loaded. This bit
is especially useful for debugging programs as it provides an efficient
method of installing breakpoints.

2.5 INTERRUPT STRUCTURE

If the appropriate Interrupt Enable bit is set in the control and status
register of a device, transition from O to 1 of the Ready or Error bit
causes an interrupt request to be issued to the processor. Also if Ready
or Error is a 1 when the Interrupt Enable is turned on, an interrupt re-
quest is made. If the device makes the request at a priority greater than
that at which the processor is running and no other conflicts exist, the
request is granted and the interrupt sequence takes place:

a) the current program counter (PC) and processor status (PS) are
pushed onto the processor stack;

b) the new PC and PS are loaded from a pair of locations (the interrupt
vector) in addressed memory, unique to the interrupting device.

Since each device has a unique intérrupt vector which dispatches control
to the appropriate interrupt handling routine immediately, no device poll-
ing is required. Furthermore, since the PS contains the processor priority,
the priority at which an interrupt request is serviced can be set under
program control and is independent of the priority of the interrupt re-
quest. The Return from Interrupt Instruction is used to reverse the
action of the interrupt sequence. The top two words on the stack are
popped into the PC and PS, returning control to the interrupted se-
quence.

2.6 PROGRAMMING WITH DEVICE REGISTERS

The diagram of Figure 2-5 shows 4 bits that would appear in many com-
mon Command and Status registers.

ERROR

DONE
INT ENABLE
ENABLE

[ 7777 /AflIW 77770 )

Figure 2-5 CSR Register
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BIT NAME FUNCTION
15 Error : Set when an error occurs.

7 Done Set when the device is either ready to ac-
cept new information, or has completed
an operation and has data available.

6 Interrupt Enable When set, an interrupt will be requested
(INT ENBL) when Done or Error becomes a 1.

1 Device Enable Set to allow the peripheral device to per-
(ENBL) form a function.

The diagram of Figure 2-6 shows a typical data buffer that can hold an
8-bit character.

7 0

D R

Figure 2-6 DBR Register

BIT NAME FUNCTION

7-0 Data Holds the ASCII code for a character to be
either written to or read from the periph-
erai device.

In the following examples, these two registers will be referred to by the
symbolic designations, CSR and DBR.

Example: Transfer information from the peripheral data buffer to general
register R3.

MOV DBR, R3

Since the irfformation is only 8 bits, and it resides in the low part of the
DBR, the byte instruction would accomplish the same purpose;

MOVB DBR, R3
The bit manipulating instructions,

BIT (bit test), set condition codes N & Z according to an AND opera-
tion on corresponding bits; neither source nor destina-
tion are modified.

BIC (bit clear), put O's in all positions of the destination that corres-
pond to a 1 in the source.

BIS (bit set), put 1's in all positions of the destination that corres-
pond to a 1 in the source (OR operation).

can be used to conveniently modify or test the contents of the CSR
register.

Example: Enable the peripheral device to perform an 1/O function:
BIS #1, CSR ; OR CODE 000 001 WITH THE CSR
26



This instruction will set bit O of the CSR, but leave all other bits un-
changed.

Example: Test for an error, and branch to an error handling routine if
there is an error.

TST CSR ;SET CONDITION CODE BITS ON CONTENTS OF CSR
BMI ERRTN  ;TEST BIT 15, BRANCH ON MINUS

ERRTN means the address of the error routine. When there is an error,
bit 15 = 1, the CSR looks like a negative number (sign bit = 1).

Example: Test to see if the peripheral device has performed a read func-
tion, and data is available. Transfer to a read subroutine if data is avail-
able.

BIT #200, CSR ;TEST BIT 7 OF THE CSR
BNE SBR ;BRANCH IF DONE IS SET

The CSR register is ANDed with a word of all O's except for bit 7. If bit
7 (DONE) of the CSR is a 1, the result is not zero, and a branch on not
equal to O can be made to a service subroutine (SBR).

Example: Prevent the peripheral device from causing an interrupt.
BIC #100, CSR ;CLEAR THE INT ENBL BIT

Using a source of 000 100 has the effect of clearing bit 6 (INT ENBL),
but leaving all other bits of the CSR alone.

Example: Have the program continuously check the DONE bit, and read
a word when it becomes a 1.

AGAIN: TSTB CSR ;TEST BIT 7, SIGN BIT
BPL AGAIN ;BRANCH IF NOT SET
MOVB DBR, RO ;TRANSFER DATA TO CPU

Bit 7 of the CSR is conveniently the sign bit for the low order byte, and
can be tested directly by a single instruction.

2.7 DEVICE PRIORITY

Each peripheral has a priority level assigned to it by hardware, allowing
it to interrupt lower priority level devices. To ensure that the CPU which
executes the peripheral’s service routine is not incorrectly interrupted,
the CPU itself must take on the priority level of the interrupting periph-
eral (Level 4, 5, 6, or 7) while running the service routine, see Figure
2-7.

0
7 I 6 { S %// )4/,;//////;///4%
PRIORITY LEVEL j___,

Figure 2-7 Processor Status Word
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Example: Write a program to service the input keyboard data (register
KBB) from the LA30 DECwriter. The interrupt vector is at location 60,
and the priority level is 4.

.= 60

WORD KBSBR ;PC = KEYBOARD SUBR ADDRESS

.WORD 200 ~ ;PS = 4 (BITS 7, 6, 5, = 100)
KBSB\R; MOV KBB, R1

RTI

Example: Set the priority level of the processor to level 3.

PS — 777776 ;ADDRESS OF PROC STATUS WORD
CLR PS ;START WITH ALL O’s
BIS #140, PS ;SETBITS6&5,PS=3

Example: A paper tape reader interrupt service could appear as follows:
First the user must initialize the service routine by specifying an address
pointer and a word count

INIT: MOV #BUFADR,POINTR ;SET ADDRESS POINTER
MOV #COUNT,COUNTR ;SET COUNTER

MOV #101,PRS ;ENABLE READER PROGRAM TO CON-
;TINUE UNTIL INTERRUPT

When the interrupt occurs and is acknowledged, the processor stores
the current PC and PS on the stack. Next it goes to the interrupt vector
and picks up the new PC and PS beginning at location 70. When the pro-
gram was loaded the address of PRSER, the PR service routine, would
be put in location 70 and 200, in 72 (to set priority at 4). The next in-
struction executed is the first instruction of PRSER.

PRSER: TST PRS :TEST FOR ERROR
BMI ERROR :BRANCH IF BIT 15 SET
MOVB PRB,@POINTR  ;MOVE CHARACTER TO BUFFER
INC POINTR ;INCREMENT POINTER
DEC COUNTR :DECREMENT CHARACTER COUNT
BEQ DONE ;:BRANCH WHEN INPUT DONE
INC PRS :START READER FOR NEXT CHARAC-
;TER
DONE: RTI :RETURN TO INTERRUPTED PRO-
;GRAM .
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CHAPTER 3

CATEGORIES OF PERIPHERALS

3.1 GENERAL

This chapter contains general information and comparisons of the PDP-11
peripherals. Sometimes a peripheral will fall into more than one cate-
gory, and it will be listed wherever applicable.

This chapter shows the broad range of peripheral equipment offered
and the wide span of equipment capabilities. Some of them are com-
pared below.

Comparison of Input Equipment

MEDIUM PRODUCT INPUT SPEED (max)
. Paper tape High speed reader/punch, PC11 300 characters/sec
Cards Card reader, CD11 1,600
Magnetic tape Cassette, TA11 560 ’
DECtape, TC11 10,000 *
Magtape, TS03 10,000
, TM11 36,000
, TU16 72,000

Comparison of Output Equipment

MEDIUM PRODUpT OUTPUT SPEED (max)
Paper tape High speed reader/punch, PC11 50 characters/sec
Printer DECwriter 1l, LA36 30
DECprinter, LA180 180
Line printer, LP11 2,600
CRT terminal Alphanumerica terminal, VTO5 240
Graphic terminal, GT40 960
DECscope, VT52 960
Magnetic tape Cassette, TAl1l 560
DECtape, TC11 10,000
Magtape, TS03 10,000
, TM11 36,000
, TU16 72,000

3.2 MAIN MEMORY

Memories with different ranges of speeds and various physical and elec-
trical characteristics can be freely mixed and interchanged within a
PDP-11 system. Memory is treated as a physically modular, but elec-
tricaily integral part of the computing system.
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Types of Memory

Core, semiconductor, and read only memory (ROM) is offered for
PDP-11 systems. Semiconductor memory (MOS and bipolar) is available
for use with several of the PDP-11 Central Processing Units.

Parity is an available option for both core and semiconductor memory.
No increase in mounting space is required.

Operating Speed

The CPU can begin processing data immediately after accessing it.
(Access time is defined as the time interval between request and when
the data is available.) Core memory then rewrites itself while the pro-
cessor is working. (Semiconductor memory contents are not destroyed
on read-out.) This makes the access time the important operating
parameter for the PDP-11, thus providing increased speed and efficiency.
The only effect cycle time has on the PDP-11 is the time needed be-
tween successive transfers to memory.

Packaging

Memory is offered as a complete system, including control and inter-
facing logic, interconnecting cables, and mounting assembly. Several of
the PDP-11 processors have dedicated, pre-wired areas within the chas-
sis for holding additional memory. In other cases, memory can be added
within the CPU mounting assembly, and the necessary power taken
from the cabinet power supplies.

3.3 TERMINALS

Characteristics and Applications

a) convenient human interface to the computer
b) typewriter-like keyboard for data entry

c) printer or display for output from computer
d) basic input/output device

e) can be local (console terminal), or remote

Products

MODEL DESCRIPTION OUTPUT SPEED (max)

LA36 DECwriter 1| 30 characters/sec

VTO05 Alphanumeric 240

VT50 Alphanumeric 960 ) )
GT40 Graphic display system 960 char/sec as a simple serial

(includes a computer) interfaced terminal, opera-
tion can be faster as a syn-
chronous device

VT52 Video display 960
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3.4 PAPER TAPE

Characteristics and Applications

a) simple medium to use

b) separate tapes for individual programs
c) variable program length

d) data can be read by a person

Products

MODEL DESCRIPTION READ SPEED PUNCH SPEED
PC11 Paper tape reader/punch 300 char/sec 50 char/sec
PR11 Paper tape reader 300 —_

3.5 CARDS

Characteristics and Applications

a) individual records

b) easy to add, delete, or rearrange a card
c) possible to print on the card

d) can be read by a person

Products

MODEL DESCRIPTION TYPE - READ SPEED
CM11 Card reader mark-sense or punch 285 cards/min
CR11 Card reader punch 285

CD11 Card reader punch 1200

3.6 PRINTERS

Characteristics and Applications

a) hard copy for permanent records

b) impact types can make multiple copies
c) some plotting capability

Products

MODEL DESCRIPTION TYPE PRINT SPEED COLUMNS CHAR.

LA36 DECwriter impact 30 char/sec 80 64

LA180 DECprinter impact 180 char/sec 132 96

LP11 Line Printer impact 230 to 1200 132 64 or
lines/min 96

LV11 Printer/plotter electro- 500 lines/min 132 96

static

3.7 MAGNETIC TAPE
Characteristics and Applications
a) unlimited off-line storage

b) removable medium
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Products

MODEL DESCRIPTION STORAGE/REEL
TAll Cassette 90,000 char
TC11/TUS6  DECtape 295,000

TS03 Magnetic tape 5,000,000
TM11/TU10  Magnetic tape 20,000,000
TUl6 Magnetic tape 32,000,000

3.8 DISKS

Characteristics and Applications
a) fast access to on-line storage
b) swapping programs

c) virtual memory

d) efficient bulk storage

a) Fixed Head—fast access time

DATA RATE

560 char/sec
10,000
10,000
36,000
72,000

b) Moving head—high storage capacity, more economical storage

c) Disk pack—removable medium, unlimited off-line storage

The average access time (avg latency) is equal to 15, the time for a
revolution plus the average head positioning time (for moving head disks

only).
Products
MODEL DESCRIPTION CAPACITY/ AV ACCESS DATA
} DRIVE TIME RATE
RX11/RX01 Floppy disk 125K words 483 msec 36 usec/word
RK11/RKO5 Disk cartridge 1.2 millionwords 70msec 11 usec/word
RP11/RP0O3 Disk pack 20 million 42 75
RSO3 Fixed head disk 256 K 8.5 4o0r8
RS04 Fixed head disk 512 K 8.5 4
RPO4 Disk pack 44 million 36 2.5
3.9 DISPLAYS :

Characteristics and Applications

a) pleasing human interface

b) soft copy of information

c) fast presentation of information

d) alphanumeric and graphic capability

Products

MODEL DESCRIPTION

VRO1 Oscilloscope

VR14 Point plot display
V101 Storage display

VT05 Alphanumeric terminal
VT50 Alphanumeric terminal
V152 Alphanumeric terminal
GT40 Graphic display system

(includes a computer)
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3.10 COMMUNICATIONS OPTIONS

Characteristics and Applications

Asynchronous Interfaces—Character transmission time is variable, but
bits within the character are timed; a character transmission nor-
mally includes a start bit, several data bits, one or more stop bits,
and an optional parity bit.

Synchronous Interfaces—Continuous data stream once the receiver is
synchronized; data is generally transmitted in message blocks con-
taining both information and timing signals.

Ocner Communications Options—Provide error detection, autocalling
unit interfacing, and signal conditioning.

Products
MODEL
DL11

DJ11

DH11

DN11

DU11

DO11

KG11

DCO8 and H316

DESCRIPTION

Single Asynchronous Line
Interface

16-Line Asynchronous
Multiplexer

16-Line Programmable
Asynchronous Multiplexer

Auto Calling Unit
Interface

Single Line Synchronous
Interface

Single Line Synchronous
Interface

Communication Arithmetic
Element

Telegraph Line Interfaces

3-5

TYPICAL USE

Connects PDP-11 to local
terminals (such as Tele-
type, LA36 and VT05)

or to remote terminals
via modems.

Connects PDP-11 to up
to 16-local terminals or
up to 16-remote ter-
minals via modems.
Transmission speeds and
other parameters are
switch or jumper select-
able in 4-line groups.

Connects PDP-11 to up
to 16-local terminals or
remote terminals. Trans-
mission speeds and
parameters are program-
mable.

Interfaces PDP-11 to Bell
801 auto calling units.
Connects PDP-11 to mo-
dems for medium speed
(up to 9600 Baud)
synchronous transmis-
sion.

Used for high through-
put synchronous
transmission.

Used to detect errors in
serially transmitted data.

Connects PDP-11 to tele-
graph equipment.



DF11 Signal Conditioning Options Converts computer (TTL)

DF11-B Integral Modems

DFO1 Acoustic Coupler
H313-A Voltage Current Adapter
H312-A Null Modem

3.11 DATA ACQUISITION

Characteristics and Applications

a) analog conversion equipment

b) analog circuitry

c) digital control and monitoring
" d) timing control

e) laboratory experimentation

f) industrial control

Products
MODEL DESCRIPTION

signals to EIA or 20 ma
signals. Can be used
with DC11, DL11 and
DH11 interfaces.

Converts TTL signals to
audio frequencies. Used
to connect PDP-11
directly to Bell Data
Access Arrangement
options.

Connects terminal

(VTO5, LA36) to standard
telephone for communi-
cation with computer via
phone lines.

Converts Digital supplied
TTY output for use with
Bell 103 modems or
equivalent.

Allows direct connection
of a terminal with an EIA
cable to a DC11, DL11,
or DM11-DB.

AAll Digital-to-analog conversion subsystem, 12 bits
ADO1 Analog-to-digital conversion subsystem, 10 or 11 bits

LPS11 Lab Peripheral System, 12 bits

(A/D, real time clock, D/A, digital 1/0)
AFC11 Low level analog input subsystem, flying capacitor scanner

uUDC11 Digital control subsystem
KW11-L Line clock
KW11-P Programmable clock
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3.12 UNIBUS EQUIPMENT
MODEL DESCRIPTION

DR11-K General device interface

DR11-C General device interface (program interrupts)
DR11-B Direct Memory Access interface (NPR data transfers)
DTO3 UNIBUS switch

DA11-B UNIBUS link

DA11l-F UNIBUS window

3.13 MOUNTING EQUIPMENT
MODEL DESCRIPTION SYSTEM UNIT SPACE

—

BB11 Blank mounting panel
DD11 Peripheral mounting panel 1
BAl11l-K Extension Mounting Box 5
H960-D Cabinet with a drawer 9
H960-CA  Cabinet
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CHAPTER 4

DESCRIPTIONS OF PERIPHERALS

4.1 INTRODUCTION

This chapter contains detailed descriptions, specifications, program-
ming, and operating information for PDP-11 peripheral equipment. For
ease of reference, the peripherals have been arranged alphanumerically
by model number, with the model number appearing on the top right-
hand side of each page.

Since some peripherals have similar descriptions and specifications,
related peripherals will be described within the same section. Section
4.3 contains a complete list of all equipment described in this chap-
ter. Appendix E contains an index to all equipment described in this
Handbook.

4.2 EXPLANATION OF TERMS AND SPECIFICATIONS

4.2.1 Products

All the peripherals mentioned in this chapter must eventually interface
to the UNIBUS. Some of the equipment, such as Line Printers, include
a control unit as well as the printer itself. The control unit, sometimes
referred to as a controller or interface unit, is the actual logic equipment
between the UNIBUS and the peripheral device. With terminals, the
control unit and the terminal itself are separate products. In this case,
several different control units could be used, depending on the applica-
tion. In other cases, such as disk drives, a single model number includes
a control unit and the first disk drive of the system. Other disk drives,
up to the limit of the system, are specified by another model number,
see Figure 4-1.

4.2.2 Registers

The device registers are shown with their common name, their mne-
monic in parentheses, then their UNIBUS address. Note that these
addresses begin. with 77 or 76 (instead of 17 or 16) to indicate that
they are in the highest 4K words of address space. Within the func-
tional description of each bit, if not otherwise indicated, the condition
or operation when the bit is set (logic 1) is described.

Some bit positions of the registers are not used (not implemented
with hardware). When diagrams are shown, unused positions are indi-
cated by cross-hatching. Some of the bits are controlled only by the
peripheral device and are indicated as read only (by the program). Some
of the bits are write only (by the program), and are always read as
zeros. Some bits are cleared (or set) by the UNIBUS master clear
signal called Initialize, which has the mnemonic INIT. It is issued by
turning Power ON, Console START, or the RESET instruction. Figure 4-2
summarizes the information about the device registers.
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| MODEL NUMBER
[ CONTROL DISK I
T UNIT DRIVE
Lo e e
v
3
z DISK
5 DRIVE
| DIFFERENT
' MODEL NUMBER
V 1
DISK

DRIVE

Figure 4-1. Disk Storage System

The unused or write only bits are always read as zeros by the program.
Trying to load unused or read only bits has no effect on the addressed

register.

Register (REG) 77x xxx

15 0

. ]

= unused bit

Read only: (with respect to the CPU or bus master)—The program can
monitor the bit, but cannot modify it.

Write only: (with respect to the CPU or bus master)—The program can
set or clear the bit; but when reading, it will always appear
to be a zero.

Figure 4-2. Device Register

4.2.3 Specifications

UNIBUS Interface

Interrupt and trap vectors are assigned to the lowest part of memory,
generally in the range 000 000 to 000 377. Bus Request (BR) levels
are indicated; also Non-Processor Request (NPR) operation if applicable.
Most devices that interface to the UNIBUS represent only 1 bus load.
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Mechanical
The mounting arrangement of the equipment is indicated as:

a) module: plugs into a dedicated logic module slot
b) SPC: fits in a small peripheral controller slot
(quad module)
c) Su: system unit mounting assembly is included
d) panel: uses front panel space in a cabinet
e) table top: suitable for placing on top of a table or a desk
f) free standing: by itself, not in a cabinet
g) cabinet: mounts in a standard PDP-11 cabinet

Some peripherals include 2 separate physical parts and are indicated
by use of a plus (+) sign.

Relative Humidity

All humidity specifications mean without condensation.

Temperature

Correspondence between Centigrade and Fahrenheit is shown in the
following table:

OC OF
0 32
5 41
10 50 9
15 59 F°C) X —:]+ 32 = (°F)
20 68 | 5
25 77
30 86
35 95
40 104
45 113
50 122
55 131

4.2.4 Conversion Factors
(inches) X 2.54 = (cm)
(lbs) X 0.454 (kg)
(Watts) x 3.41 = (BTU/hr)

4.3 LIST OF PERIPHERALS
The peripherals described in this chapter are arranged in the following
sequence:

Model Numbers Description Page
AA1l1l (also BA164) D/A subsystem 4.5
ADO1 A/D subsystem 4-9
AFC11 Low level analog subsystem 4-13
AR11 Analog subsystem 4-19
BA11l-K Expansion mounting box 4-22
BB11 Blank mounting panel 4-24
BM792 (also MR11-DB,

M792) Read only memory 4-25
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BM873

CcD11

CR11 (also CM11)
DA11-B

DA11-F

DB11

DD11

DFO1

DF11

DH11 (also DM11)
DJ11

DL11

DL11-W

DMC11

DN11

DQ11

DR11-B

DR11-C

DR11-K

DTO3

DU11

DUP11

DV11

GT40

H312

H960

KE11

KG11

KW11-L

KW11-P

LA35

LA36

LA180

LP11

LPS11

Lvil1 .

PC11 (also PR11)

RJPO4 (also RP04)
RJS04 (also RS04)
RK11 (also RKO5)
RP11 (also RPO3)

RX11 (also RX01)

TAll

TC11 (also TU56)

TJU16 (also TU16)
TM11 (also TU10)
TS03

UDC11

VRO1 -

VR14

V7101

VTO05

VT50

VT52

Restart/Loader

Punched card reader

Punched card reader

UNIBUS link

UNIBUS window

Bus repeater

Peripheral mounting panel
Acoustic telephone coupler
Serial line signal conditioning
Asynch serial line multiplexer (prog)
Asynch serial line multiplexer
Single asynch serial line interface
Serial line interface

Network link

Automatic calling unit interface
NPR synch line interface

Direct memory access interface
General device interface
General device interface
UNIBUS switch

Synchronous line interface
Synchronous line interface
Synchronous preprocessor
Graphic display system
Asynchronous null modem
Standard PDP-11 cabinet
Extended arithmetic element
Communications arithmetic option
Line time clock

Programmable real time clock
DECwriter |l printer

DECwriter |l terminal
DECprinter

High speed line printer

Lab peripheral system
Electrostatic printer/plotter
High speed paper tape reader/punch
Disk pack

Fixed head disk

DECpack disk cartridge

Disk pack

Floppy disk

Cassette

DECtape

Magnetic tape

Magnetic tape

Magnetic tape

Universal digital control subsystem
Oscilloscope

Point plot display

Storage display

Alphanumeric display terminal
Alphanumeric display terminal
DECscope terminal
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4-27
4.31

4-44

454

4.59

4-67

468

4.72

4.74

4-82

4111
4.128
4-145
4-150
4-169
4177
4.212
4.217
4-227
4-231
4-235
4-254
4.278
4311
4-317
4318
4-320
4-323
4.332
4-333
4-336
4-341
4-349
4.353
4-360
4-372
4-376
4-384
4414
4-433
4.445
4.455
4-462
4.467
4-480

+4-501

4-515
4-519
4-526
4-527
4-529
4-530
4-536
4-542



AAll
DIGITAL TO ANALOG SUBSYSTEM, AA11-D

DESCRIPTION
The AA11l-D is a low cost, high performance multichannel digital-to-
analog conversion subsystem for PDP-11 computers.

Interfacing directly to the PDP-11 UNIBUS, the AA11-D controls up to
four single buffered, 12-bit bipolar digital-to-analog converters. Each
BA614 converter, which includes output amplifier and reference voltage
source, is contained on a plug-in module and provides 10 ma current
output at = 10 volts. Full scale output voltage is trimpot adjustable from
* 1lvto = 10v in two ranges.

Storage scope, display scope, and light pen control options are available
for the AA11-D. These options provide Z axis blanking for intensity con-
trol and require two D/A converters to control X and Y trace coordinates.

Available as a factory or field installed option, the AA11-D fully imple-
mented with four digital to analog converters and a scope control option,
is contained in a single System Unit. A rack mountable power supply is
separate.

) ( D/A CONVERTER
(BA614)
! o/a converTer !
INTERFACE [T~ (Ba614) ) m—
PDP-11 oo __ohew 4
COMPUTER NTR \ ————ny
(AA11-D) | D/A CONVERTER !\
® ' A scope E=>x
',___“ff_'"_’__ i | CONTROL |
| D/A CONVERTER 1" I (aan1-a) |
J C (BA614) 1/ (AA11-B) v
L (AA11-C) |
LIGHT PEN
AA11-D Subsystem
REGISTERS

Command and Status Register (CSR) 776 756

15 14 1 0 9 8 7 6 5 4 3 2 1
x4 M

]

T

LIGHT PEN FLAG

READY

DISPLAY INHIBIT ENABLE
LIGHT PEN INHIBIT ENABLE
MODE CONTROL:
INTENSIFICATION CONTROL
ERASE
INTENSIFICATION
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BIT
15

43

NAME
Light Pen Flag

Ready

Display Inhibit Enable

Light Pen Inhibit Enable

Mode Contro!l

Intensification Control

Erase

Intensification

AAll

FUNCTION

If bit 05 is “‘1,” light pen flag causes
interrupt. Cleared by INIT and reading
the register. Read only.

Set when scope is ready for service,
because of INTEN or ERASE com-
mands or X or Y has been loaded.
Interrupt occurs if bit 06 is ‘‘1.” Bit
07 is set by INIT and cleared by dis-
playing new point. Read only.

Set to permit interrupts to occur when
intensification or erasure is com-
pleted. This bit is set by program con-
trol and cleared by INIT. Read/Write.

Set to permit interrupts to occur when
signal is received from light pen. This
bit is set by program control and
cleared by INIT. Read/Write.

Determines intensification on loading
XorY.

Selects Stored Mode or High Intensity
Mode depending on scope used.
Read/Write

Set to erase storage scope display.
Sets READY bit 7 at end of erase.

Set to delay display until scope de-
flects to new X, Y values, then strobes
intensification (Z axis) and sets
READY bit 7.

Data Registers (DAC) 776 760 to 776 766
DAC1 and 2 may be used either in conjunction with the scope or for D/A
channels. DAC3 and 4 may be used for additional D/A channels.

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

| I MsB ! DATA Lﬂ
I 1 1 1 1 l 1 1 l L 1 l 1 1

|

SIGN READ ONLY——J

SIGN R/W
BIT NAME
15-12 Sign
11 Sign
10-0 Data

FUNCTION
Read only (2's complement)
Read/Write (2’s complement)
Read/Write.
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AAll

SPECIFICATIONS FOR AA11-D

Register Addresses

Command and Status (CSR)

Data Register (DAC1)
Data Register (DAC2)
Data Register (DAC3)
Data Register (DAC4)

UNIBUS Interface

Interrupt vector address:

Priority level:
Bus loading:

Mounting:

Power
Input current:

Heat dissipation:

Environment

Operating temperature:

Relative humidity:

Models
AA11-DA:
AA11-DB:

776 756
776 760
776 762
776 764
776 766

140, 144
BR4, or 5
1 bus load

1 System Unit (SU)
0.5 Aat 115 VAC

3Aat+ 5V
60 W

10°C to 40°C
10% to 90%

D/A converter subsystem, 115 VAC, 60 Hz

, 230 VAC, 50 Hz

SPECIFICATIONS FOR D/A CONVERTER (BA614)

Digital Input:
Digital Storage:
Update Rate/Channel:

Analog Output Voltage:

Current:

Gain Accuracy:
Linearity:

Zero Offset:
Settling Time:

Output Impedance:

Temp Coefficient:
(after 5 min. warmup)

11 bits + sign, 2’s complement code.
Single buffered.
50 KHz

2 continuously adjustable full scale ranges:
1v to 5v and 5v to 10v

10 ma

+ 0.0259%, of full scale (25°C)
+ 1/2 least significant bit (LSB)
Adjustable to zero

20 us max. to within 14, LSB for full scale
step change (at output connector with zero
capacitance loading).

Less than 1 ohm.

*+ 50 uv/ °C - zero offset and
+ .003%/ °C - gain accuracy
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AAll

SCOPE CONTROL OPTIONS
The following scope controls each require two BA614 digital to analog
converters:

AA11-A Scope Control for Tektronix 611 Storage Display Unit

Display Rate: 30 Hz (min) to 10 KHz (max)

Display Time: deflection time 80 us
intensification time 20 us
Non-storage mode:
deflection time 80 us
intensification time 2 us

Erase Time: 0.5 sec
AA11-B Scope Control for Tektronix RM503 Oscilloscope
Display Rate: 45 KHz (max)

Display Time: - deflection time 20 us
intensification time 2 us

Intensification: (program selectable) two levels
AA11-C Scope Control for VR12 Point Plot Display
Display Rate/ point: 40 Hz (min) to 40 KHz (max)

Display Time: deflection time 20 us
intensification time 2 us

Intensification: (program selectable) two levels
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ADO1
ANALOG TO DIGITAL SUBSYSTEM, ADO1-D

DESCRIPTION

The ADO1-D is a flexible, low-cost multichannel analog data acquisition
option which interfaces directly to PDP-11 computers. When it is under
computer or external clock control, the ADO1-D provides 10-bit digitiza-
tion of unipolar high-level analog signals having a nominal full-scale
range of O to + 1.25, + 2.5, + 5.0 or 4- 10.0 volts. An optional sign-bit
addition allows 11-bit bipolar operation. Programmable input range selec-
tion extends the ADO1-D’s dynamic range at moderate sampling rates to
the equivalent of 13 bits for unipolar signals or 14 bits for bipolar signals.

An optional sample-and-hold amplifier reduces the conversion aperture
to 100 nanoseconds.

The standard ADO1-D consists of an expandable solid-state input multi-
plexer, programmable input range selector, A/D converter, control, and
bus interface in a single 51/-inch rack-mountable assembly plus a sepa-
rate logic power supply. The multiplexer can be expanded by adding
4-channel modules up to 32 channels. An expansion multiplexer may be
added to provide a maximum configuration of 64 channels.

REGISTERS
Control and Status Register (ADCS) 776 770

‘% ' %
S TSR SR [
—— J \ )
ERROR —j [

CHANNEL ADDRESS
DONE
INTERRUPT ENABLE
GAIN SELECT:
PRIORITY REQUEST
EXTERNAL CLOCK ENABLE

A/D START

BIT NAME FUNCTION

15 Error Set when a new conversion is initiated
while a conversion is being performed.
Interrupt is produced when interrupt bit
(bit 6) is enabled.

13-8  Channel Address Selects 1 of 32 multiplexer channels.

7 Done Set upon completion of conversion and
reset upon reading data register.

6 Interrupt Enable Program selectable interrupt mode. In-

terrupt produced on A/D done (bit 7) or
error (bit 15) when selected.
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34 Gain Select Selects input gain range of 1, 2, 4, or 8.
Priority Request Program can select priority request BR7
or BR6, 5, 4.
1 External Clock Enable Set to initiate conversion by external
clock. ‘
0 A/D Start Set to initiate conversion by program.

(Conversion is also started when a new
multiplexer channel (and gain) is se-
lected, except when external clock is
enabled.)

One input channel is selected by the multiplexer and connected to a
highly-linear programmable gain selector, which scales the input range
to 4 10 volts full-scale.

The scaled 10 volt output is directed to the summing junction of the A/D
converter input through the sample-and-hold and sign-bit options, if in-
stalled. In 10 usec, the A/D converter digitizes the analog voltage at its
input into a 10-bit binary code, using the successive-approximation tech-
nique. The sign-bit option permits conversion of bipolar inputs (O to
+ 1.25, = 2.5, = 5.0, or = 10.0 volts) to an 11-bit 2's complement
code with an extended sign format.

Data Buffer Register (ADDB) 776 772
The A/D converter Data Register transfers data to the PDP-11 in the
following format. To the processor, the data is read only.

15 10 9 0
| 0,0 0 0,0 O ]MSB T LSBJ
| i 1 ] 1 1 1 1 ] 1 1 | ! 1 °

OUTPUT WORD FORMAT - UNIPOLAR OPERATION

15 109 0
rs s s S .S S lmse T LSBJ
l 1 1 I 1 | 1 1 l 1 1 l 1 1
OUTPUT WORD FORMAT- BIPOLAR OPERATION

Bits 15 to 10 are tied together, and are ““0” in the standard unipolar
configuration. With the sign bit option, bits 15 to 10 indicate the sign of
the input voltage.

OUTPUT NOTATION TABLE *

Analog Input Voitage Unipolar Bipolar
—10.0 176 000
— 5.0 177 000

0.0 000 000 000 000
+ 5.0 001 000 001 000
-+ 9.9902 001777 001777

* For 10 volt full scale input range. Divide by appropriate gain factor for other in-
put ranges.
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Each multiplexer channel switch consists of an enhancement mode
MOSFET, which is normally open when unselected or when system power
is removed. These switches provide overload protection up to + 20 volts,
and signal protection against electrical short-circuit.

SPECIFICATIONS
Main Specifications
Resolution:

System Accuracy:
Quantizing Error:

System Conversion Time:
(includes Channel and gain)

Sample and Hold:
Analog Input Channels:

Input voltage range:
(program selectable)

Input Impedance:

Input Isolation:

Analog Input Connectors:

Channel Selection:
(program selectable)

Cross channel attenuation:

Input Gain:

Modes of Operation:

Expansion/ Installation

Unipolar 10 bits, or 1 part in 1024
Bipolar (option) sign 4 10 bits.

0.19% of full scale (FS) input
* 14 least significant bit

Unipolar: 22 usec
Bipolar: 29 usec

Acquisition: 5 usec to * 0.01% of FS step
Aperture: 100 nanoseconds

4 minimum, expandable to 32 in groups
of 4

Unipolar: 0 to + 1.25, + 25, 4 5.0,
+ 10.0v FS

Bipolar (option): 0 to * 1.25, =
*+ 5.0, = 10.0v FS

2.5v,

1000 megohms in parallel with 20 pf

Enhancement mode MOSFET switches,
“‘off’’” when unselected or power off.

Plug-in cable-module

6 bit address

78 db, DC-80Hz for 20 volts p-p signals,
100 ohm source impedance

Program selectable

Interrupting/ non-interrupting (program se-

lectable)
Synchronous (Program control)
Asynchronous (external clock enable

+ 2.0v minimum into Schmidt trigger,
repetition rate, 60k Hz maximum.)

Multiplexer expansion or option inclusion in the basic ADO1-D is by
module insertion into prewired slots.
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Register Addresses
Control and Status (ADCS)
Data Buffer (ADDB)

UNIBUS Interface
Interrupt vector address:
Priority level:

Bus loading:

Mechanical
Mounting:
Size:
Weight:
Power

Input current:
Heat dissipation:

Environment
Operating temperature:
Relative humidity:

Models

776 770
776 772

130
BR4 to 7
1 bus load

1 panel mounted unit
514" front panel height
15 Ibs.

0.5 Aat 115 VAC
60 W

5°C to 50°C
109% to 95%

ADO1-DA: A/D converter subsystem, 115 VAC, 60 Hz

ADO1-DB:

, 230 VAC, 50 Hz
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AFC11
. LOW LEVEL ANALOG INPUT SUBSYSTEM, AFC11

DESCRIPTION
The AFC11 is a flexible, high performance, differential analog input sub-
system for IDACS-11 industrial data acquisition control systems.

The AFC11 system multiplexes up to 1024 differential input analog sig-
nals, selects gain, and performs a 13-bit analog-to-digital conversion at a
200 channel per second rate under program control. Three signal condi-
tioning modules and eight program-selectable gains allow the system to
intermix and accept a wide range of signals: low level (10 mv full scale)
high level (100.0v FS), and current inputs (1 to 50 ma FS).

Designed for accurate and reliable operation in demanding industrial en-
vironments, the AFC11 achieves high isolation and common mode noise
rejection through relay switched capacitor multiplexing. The subsystem
also simplifies input wiring, requiring only simple twisted pairs which
connect to screw terminals.

Modularly constructed in eight-channel standard hardware units, the
AFC11 is easy to configure to user applications, and simple to expand.

The analog input subsystem is particularly suited for data acquisition in
the high noise environments encountered in process monitoring and con-
trol, production testing and laboratory applications. In such environments
common and normal mode noise, cabling and grounding problems can
greatly affect the operation of such transducers as thermocouples, strain
gages, analytical bridges, and industrial milliamp current transmitters.
These problems can also affect the accuracy and performance of the
measuring system.

In typical applications, use of ungrounded sensors could cause common
mode voltages of up to 150 volts peak-to-peak (at power line frequency)
to appear on the input signal leads to the measuring system. For exam-
ple, if thermocouples become ungrounded during operation, large com-
mon mode voltages can appear in coincidence with the signal. The design
features of the AFC11 allow either floating or grounded signal sources
thus insuring reliable, trouble-free operation. Due to the flying capacitor
design, the system tolerates common mode voltages in excess of 200
volts. FET solid-state multiplexers, in contrast, can be seriously damaged
with common mode voltages over 25 volts.

System Organization

The AFC11 system is completely modular for ease of system configura-
tion and expansion. For applications requiring 128 channels or less the
system is available in a single cabinet configuration. Systems requiring
greater than 128 but less than 512 channels are housed in a dual cabinet
configuration—one cabinet to mount the electronics and one for the
screw terminal connectors. Two dual cabinet configurations, each con-
taining 512 channels, are required to implement a maximum system of
1024 channels.
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The system’s electronic cabinets are organized in files. The first file in
the system is a master file which contains the computer interface, sys-
tem timing and control, an A/D converter, a programmable gain differen-
tial amplifier, and address decoding hardware for selection of up to 32
channels. The master file may also contain three additional file units,
each providing address decoding and analog bus isolation for up to 32
channels. The hardware for each 32 channel group is implemented by
adding up to four eight-channel pairs of multiplexer/ signal-conditioning
modules and the required screw terminal cable assemblies—one for each
module pair. Fully implemented, the master file contains 128 channels.

Expansion beyond 128 channels is by addition of expander files. Each
expander file contains a programmable gain amplifier and provision for
a total of 192 channels in six file units.

A file unit contains from one to four eight-channel Multiplexer Modules
(Model BA150), each of which requires an eight-channel input signal
conditioning module. The conditioning modules, which connect to screw
terminal blocks via cable assemblies, are available in three types;

_L L= FLYING
T “T_< CAPACITOR

>

Direct Input Module (Model BA903) provides eight channels of normal
mode input filtering with a break frequency of 2.5 Hz. Attenuation at 60
Hz is greater than 50 db.

_ < FLYING
“T_< CAPACITOR

A >
>

Ay
7

Voltage/Voltage Input Module (Model BA904) provides 8 channels of
10:1 attenuated input with the same normal mode filtering as direct in-
put. Maximum full scale input is 4 100 volts.

>

4 _I. < FLYING
T “T_< CAPACITOR

Current/Voltage Input Module (Model BA905) scales eight channels of
50, 20, or 5 ma full scale current inputs to 0.5, 0.2, or 0.05 volts full

4-14



AFC11

scale and provides the same normal mode filtering as the direct input
module.

Flying Capacitor Multiplexing

The flying capacitor multiplexing technique permits micro-volt signals to
be isolated, switched and digitized by an analog-to-digital converter with
a high degree of noise immunity.

The Flying Capacitor is a two pole RC filter network in which a second or
“flying’’ capacitor is charged, then isolated and switched to the measur-
ing circuit. Since the source is never directly connected to the measuring
circuit, extremely high isolation is achieved.

Lo-pass filtering per point (2.5 Hz cutoff) plus the high isolation of the
flying capacitor technique provide high common mode noise rejection
(120 db at 60 Hz) without requiring expensive individually-shielded input
wiring.

FILE
UNIT
NORMALLY  NORMALLY ISOLATION
CLOSED OPEN RELAY

FILE ISOLATION

>N P— N> o—>
(SOLID-STATE SWITCH)

L _[ FLYING

i ' !
! ' '
: '
| '
L 4 i i " 10
APACITOR ! !
7 [: Of : h 1 ADC
n 1 '
] } )
> WO — N> o—>
“ / J J
SIGNAL CONDITIONING MULTIPLEXER PROGRAMMABLE
MODULE MODULE GAIN AMPLIFIER

Typical File Unit Channel

Programmable Gain Control Channel Selection

Both gain and channel are under program control. A 16-bit Channel Ad-
dress Gain/Select Control word is transferred from the IDACS-11 proces-
sor to the AFC11 Channel/Gain Register (AFCG). The multiplexer channel
address is contained in bits 0-10 and decoded to select 1 out of 64 File
Units (6 bits) and 1 out of 32 channels (5 bits) within the File Unit. The
programmable gain control on the input amplifier is buffered and FET
switched for reliability. Amplifier gain is selected by bits 13-15.

When a channel is selected, the input signai is isolated and the File Unit
isolation relay closes to connect the charged capacitor to the Program-
mable Gain Amplifier. The amplifier is connected to the analog bus and
ADC by closing the file isolation switch. Timing is initiated which allows
the switches to settle and conversion to begin.
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REGISTERS
Control and Status Register (AFCS) 772 570

15 14 13 10

_T

DONE
INTERRUPT ENABLE

BIT NAME FUNCTION

15 Busy Set by INIT or LOADING MX Channel Gain
Register. Reset by A/D DONE.

7 Done Set by A/D DONE. Reset by reading Data
Buffer Register.

6 Interrupt Enable Set under program control. Reset by INIT

or under program control.
Data Buffer Register (AFBR) 772 572
3 2 11 10 9 8 7 6 5 4 3 2 1 0

1514
[ SIGN I MsB ! MAGNITUDE 5o
| [ TR SN S TR N !

Multiplexer Channel/Gain Register (AFCG) 772 574

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

T
% d 1 | l 1 1 l 1 1 l 1 1 I
- C =
GI\IN——————-f J
CHANNEL ADDRESS
BIT NAME FUNCTION
14-12 Gain Sets amplifier gain according to the follow-
ing table. Cleared by INIT. (READ/WRITE).
BIT GAIN
14 13 12
0 0 0 1000
0 0 1 200
0 0 0 100
0 1 1 50
1 0 1 20
1 0 0 10
1 1 0 2
1 1 1 1
10-0 Channel Address Selects multiplexer channel. Bits 10-05

select 1 or 64 file units. Bits 04-00 select
1 of 32 channels in a file unit. Cleared by
INIT. (READ/WRITE).
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Maintenance Register (AFMR) 772 576

5 14 13 12 11 10 9 8 7 _6 5 4 3 2 1 0o
I
l A1 l 1 1 I 1 1 l 1 1 ]
R/_J [\ J \ I
INHIBIT MX TIMING'—J j
FILE UNIT
CHANNEL-

This Read/Write Register is for diagnostic purposes only. Permits check-
ing of channel address by reading back decoded bits.

SPECIFICATIONS
Analog Input Specifications
Number of Inputs:

Type:
Connection:

System Performance
Resolution:

Accuracy: (for direct input)

Scan Rate, Including
A/D Conversion:

Normal Mode Rejection:
Common Mode Rejection:

Common Mode Voltage
Tolerance:

Input Overload:

Effects of Overload:

Channel-to-Channel
Isolation:

Gain Accuracy:
Gain Linearity:

Temperature Coefficient:

8 to 1024, in groups of 8
differential, 2 wire twisted pair

solder lug, or screw terminal

Sign -+ 12 bits (2's complement)

+ 0.0259%, of full scale or = 15 uV (which-
ever is larger)
+ 1/ least significant bit (LSB)

200 channels/second, maximum (20 sam-
ples/second, same channel)

> 50 db for frequencies 60 Hz or above
> 120 db DC to 60 Hz '

200 volts
Amplifier fused against overload

Recovers to within stated accuracy for
next channel.

102 ohms at DC, Channel-to-channel. 10"
ohms at DC, channels on same muiltiplexer
module.

+ 0.02%

+ 0.01%

+ .005%/ °C or better
4-17
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Register Addresses

Control and Status (AFCS) 772570

Data Buffer (AFBR) 772572

MX Channel/Gain (AFCG) 772574

Maintenance (AFMR) 772576

UNIBUS Interface

Interrupt vector address: 134

Priority level: BR4

Bus loading: 1 bus load

Mechanical

Size: ) each cabinet is 72”H x 21"W x 30”"D

Weight: 750 Ibs. (dual cabinet, 512 channels)

Power (per cabinet)

Input current: 15 A at 115 VAC, 40 to 440 Hz,
single phase )

Heat dissipation: 1700 W

Environment

Operating temperature: 10°C to 40°C

Relative humidity: 109, to 909%
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AR11
ANALOG REAL-TIME MODULE, AR11

FEATURES
e Low Cost
e Compact
e Convenient interfacing and mounting

e Capabilities include:
A/D converter—auto zeroing technique (patent pending)

16-channel multiplexer, with sample and hold
Programmable clock

Scope display control with 2 D/A converters
UNIBUS interface logic

DESCRIPTION

The AR11 is a compact analog real-time subsystem for use with the PDP-
11 family of computers. Included in the subsystem are a 10-bit analog/
digital converter, two 10-bit digital/analog converters, a crystal con-
trolled clock, scope control, a 16-channel multiplexer, and a sample and
hold circuit. Operation and selection of functions is under software con-
trol. Programming is subset-compatible with the LPS11, Laboratory
Peripheral System, which is a more comprehensive analog processing
system. The LPS11 is used for the larger and more demanding labora-
tory applications. .

A/D Converter System

The 10-bit A/D Converter samples analog data at specified rates and
allows the program to store the equivalent digital value for subsequent
processing. Sample and hold circuitry ensures accurate conversions, even
on rapidly changing signals, by holding the input voltage constant until
the process is completed. The maximum throughput rate for a single
channel is approximately 35 kHz. A 16-channel single-ended muitiplexer
is included. The input voltage range is program selectable for unipolar
(OV to +5V), or bipolar (—2.5V to 42.5V) operation.

Display Control

The display control displays data in the form of a 1024 by 1024 dot
array. Under program control, a bright dot may be produced at any point
in this array. A series of these dots may be programmed to produce
graphical output. The display control is primarily used with DIGITAL's
VR14 display. However, it has the capabilities to operate with the Tek-
tronix 602 and 604 display scopes and the 603, 611, and 613 storage
scopes. It can also drive an X-Y analog recorder. The display control
offers four program-controlled modes in which the scope can intensify a
point. There are two 10-bit D/A converters with either a =5V or a +0.5V
full scale output and all the necessary circuitry for scope control.

Programmable Clock
The programmable clock offers several methods for accurately measuring
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and counting time intervals or events. It can be used to synchronize the
central processor to external events, count external events, measure in-
tervals of time between events, or provide interrupts at programmable
intervals. It can be used to start the A/D converter at predetermined in-
tervals or from an external logic input.

The clock operates in one of two program modes: single interval or re-
peated interval. There are seven programmable frequencies: 1 MHz to
100 Hz, an external input, and an auxiliary input (on the backplane
wiring).

An 8-bit counter can be preset for a number of time pulses or events to
occur before an interrupt (or A/D counter start) is initiated. This counter
can be read from the processor at any time to determine timing status.

PACKAGING

The complete AR11 subsystem electronics are contained on one single
hex module that can mount in either of the two center slots of a DD11-B
system unit, or within the CPU mainframe assembly. All external connec-
tions are made via a Berg connector (supplied with mating plug) which
is mounted on an outside corner of the module.

No external analog supply voltages are required. A unique DC to DC con-
verter without transformer uses the +5V logic power to generate the
high-quality positive and negative voltages needed by the AR11.

PROGRAMMING

There are 8 registers used for control and data. The address of the first
register is selectable in increments of 20, between 770 000 and 777 760.
With a starting address of 770 400, the arrangement is:

Register Address
A/D Status 770 400
A/D Buffer 770 402
Clock Status 770 404
Clock Buffer 770 406
Display Status 770410
X Buffer 770 412
Y Buffer 770 414
Clock Counter 770 416

There are three interrupt vectors, with the address of the first address
vector selectable in increments of 20. If the first vector is at 300, the
arrangement is:

Vector Address Priority Level
A/D 300 BR6
Clock 304 BR6
Scope Control 310 BR4
SPECIFICATIONS
A/D Converter System
Input voltage range: 0 to +5V, or
—2.5V to +2.5V,

program selectable
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Resolution:
Accuracy at 25°C:
Linearity:
Conversion time:

Number of input channels:

Input impedance:

Settling time; (MUX plus
S & H):

Scope Control
D/A Output voltage range:

Resolution:
Accuracy at 25°C:

Scopes controlled:

Programable Clock
Clock rates:

Operating modes:

Counter size:
Preset register size:
Accuracy:

External input:
Aux. freq. input:

Mechanical
Mounting:
User Interface:

Power:

AR11

10 bits (1 part in 1024)
+0.19% of full scale

1, LSB

22 to 24 usec

16

10M ohms, min.

8 usec, max. (5-volt step)

—5V to 45V, or

—0.5V to +0.5V, jumper
selectable (2 D.A’s)

10 bits

+0.19, of 10V full scale, or
+29, of 1V full scale
VR14, Tektronix scopes
including storage scopes

1MHz

100 kHz

10 KkHz . crystal
1 kHz controlled
100 Hz

external logic input
auxiliary frequency input

single interval
repeated interval

8 bits
8 bits
+0.005%
TTL logic

TTL logic, accessible on
backplane

1 hex module slot

Berg connector on the
module

4A at +5V
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BA11-K
EXPANSION MOUNTING CHASSIS, BA11-K

DESCRIPTION

The BA11-KE/KF is a general purpose PDP-11 expansion mounting
chassis (101" x 17" x 25”) and mounts in standard DIGITAL cabinets.
It includes the H765 power system for either 115V or 230V operation
and it supplies multiple voltages which deliver 660 watts of DC power.
The expansion mounting chassis also includes mounting hardware,
UNIBUS cable and a pop panel. The BA11-K has been approved by the
Underwriter Laboratories (UL approved).

FEATURES

e Accommodates any mix DIGITAL modules, including both quad and
hex modules.

e Provides space for up to five system units or 22 module slots.

Physical Characteristics
Chassis Size: 10.5 x 17 x 26.5 inches

Weight (unloaded/loaded):
90/115 lbs

Rack Slides (3-position):
horizontal, 45° & 90°

Configuration Expansion:
5 SU or 22 module slots (2 double SU and 1 single SU)

Environmental Characteristics
Air Inlet Temp: 41°F-122°F
(5°C-50°C)
Cooling Efficiency: temperature rise no greater than 18°F (10°C) from
inlet air to exhausted air
Operating Humidity: 10-95% (no condensation)
Air Flow Direction: horizontally towards rear of box; air is drawn through
filtered front pop panel and from within rack

Multiple Voltages:

(2) H744 regulators + 5V @ 25 amps (each)
(1) H745 regulator —15V @ 10 amps
(1) H754 regulator +20V @ 8 amps
— 5V@ 11amps*
(1) 54-11086 regulator +15V @ 4 amps

BA11-K Input Power Specifications
Voltage: 90-132 (180-264) Vac, 47-63 Hz, single phase 115 (230)

Vac nominal

sustained operation: 104-132 (208-264) Vac
Power: 1200 maximum at 115/230 Vac nominal line (1380 VA)
Current: 12/6 amp AC maximum at 115/230 Vac nominal line

* Maximum —5V current is dependent upon +20V current. It is equal to 1 A plus
the current of the 420V supply, up to a total of 8 A.
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BA11l-K—TOP VIEW

le - )
_ Rl
& [Th7se| nras TRANSFORMER H744 | H745
+ -
jg\(l)v +5V o 5v 15V 765
@ 8A | @ 25A |BOX S | @25 [ @10a Power System
(8A) |(SU 3,485) 70-09811 G 4n (SU1&2)
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su su su su su
ind 5 44 #3 #2 0w
i 2
FRONT PANEL
[ ]
L J Double SUs
L J
NOTES

1. Double-system units can be mounted in any

two slots except two and three.

2. The two H744 regulators are individually

dedicated and their outputs cannot be paral-
leled. Regulator =1 provides power to SU 1
& 2. Regulator #2 provides power to SU 3,
4 & 5,
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BB11
BLANK MOUNTING PANEL, BB11

The BB11 Blank Mounting Panel is a prewired System Unit (SU) designed
for general interfacing. It is prewired only for the UNIBUS and power.
The unit contains three 288-pin blocks assembled end-to-end in a cast-
ing which can be mounted in the various PDP-11 assembly units. Bus
and power connectors, described below, use only 6 of the module slots,
thereby leaving 18 slots available for customer use.

The BB11 is wired to accept the UNIBUS in slots Al and B1. This con-
nection can be made with an M920 UNIBUS Connector or a BC11A
UNIBUS Cable Assembly. All bus signals, including grant signals, are
wired directly to corresponding pins in slots A4 and B4. From this point,
the UNIBUS can be continued to the next unit by using an M920 or
BC11A. If the BB11 is the last unit on the bus, slot A4-B4 accepts the
M930 Bus Terminator Module. Standard bus pin names are listed in
Appendix B.

The bus grant signals are wired through the BB11. These grant signal
wires must be removed and replaced with wires to and from the user’s
control circuits for the grant levels used by the customer-supplied device.

Slot A3 accepts the G772 Power Connector (furnished as part of the
BA11l Mounting Box). Power for + 5V is distributed to all A2 pins; — 15V
is distributed to all B2 pins except in slots Al, B1l, A4, and B4; and
ground is maintained through the frame and power connector on pins
C2 and T1 of all slots.

A B c D E F
4 UNIBUS CONN
3 |POWER
2 |RESERVED
1 UNIBUS CONN

BB11 Module Layout
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BM792
MR11
M792

READ ONLY MEMORY (ROM)

Read only memory is available in 32 word increments, and a total of 256
words of ROM can be included in a PDP-11 system. ROM'’s can be pro-
grammed by the user; standard preprogrammed ROM's are offered as
bootstrap loaders for various peripheral devices. Access time is 100 nsec
per word.

Programmable ROM (M792)

The basic ROM module contains 32 16-bit words of diode read-only mem-
ory. The ROM is supplied with a 32 by 16 diode matrix. Diodes can be
selectively cut out to yield the desired data pattern; diode in = 1, no
diode = 0. The unprogrammed ROM contains all 1's; programming of
the memory is accomplished by eliminating diodes for the bits that
should be read as 0's. The location of the diodes with respect to word
and bit number are indicated on the module.

Addresses

The 32 words are in consecutive memory addresses. The address range
of the lowest address is jumper selectable betwen 773 000 and 773 700.
The jumper wires affect bits 6 to 8 of the address, and are indicated on
the module by the designations W1, W2, and W3.

Bit 8 (W3) Bit7 (W2) Bit 6 (W1) Address Range

773 000 to 773 076
773 100 to 773 176
773 200 to 773 276
773 300 to 773 376
773 400 to 773 476
773 500 to 773 576
773 600 to 773 676
773700 to 773 776

HHEREHOOOO
HHOORHFHOO
HOR,RORORO

To make the jumpers correspond to the desired bit addresses, jumper
in = 0, no jumper = 1.

A maximum of 8 ROM modules can fit into the address space allotted,
so that a small read-only memory of 256 words can be used. Such a
memory could provide non-erasable recovery routines, or lowered pro-
gram execution times for often-used loops or subroutines.

Bootstrap loaders (BM792-Y)

Several basic M792 modules are preprogrammed (diodes selectively
eliminated) as bootstrap loaders for convenient loading of initial pro-
grams to handle various 1/O and peripheral devices.

An M792 ROM module mounts in one Small Peripheral Controller (SPC)
slot. The module is quad height.
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READ ONLY MEMORY (M792) SPECIFICATIONS

Access time: 100 nsec
. Memory size: 32 words, 16 bits each
UNIBUS loading: 1 bus load
Mounting space: 1 SPC slot (quad module)
Current requirements: 0.3 A at 4 5V
Model No. Address Range Description
M792 773 000 to 773 776  Basic unit with all diodes included

(contents are all 1's). Diodes are
selectively removed to make O's.

BM792-YA 773000 to 773 076  Papertape bootstrap loader for
Teletype or high-speed paper tape
reader (PC11).

BM792-YB 773 100to 773176  Disk/DECtape bootstrap loader.

BM792-YC 773 200 to 773 276  Card Reader bootstrap loader
(CR11)

BM792-YH 773 300 to 773 376  Cassette bootstrap loader (TA11)

MR11-DB 773 100 to 773 276  Bootstrap loader for mass storage
devices.

Device Starting Address

RF11 773 100
RK11 773110
TC11 773 120
TM11 773 136
RP11 773 154
RC11 773 220

The MR11-DB consists of 2 prepro-
grammed M792 modules.
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BM873
RESTART/LOADER, BM873

FEATURES
e General-purpose program, loader for all PDP-11 Systems.

e Can be connected to switches, pushbuttons or other external activating
devices such as watchdog timers to initiate program load.

¢ Contains bootstrap loaders for the most frequently used PDP-11 de-
vices.

e One version can be used in conjunction with an M792 diode ROM to
load from user’s special device.

e One version has a unit-select feature which permits the bootstrap to
operate from any drive of some multi-drive controllers.

e One version supports down-line loading.

DESCRIPTION

The BM873 is a general-purpose loader which permits quick loading of
bootstrap programs or restarting of PDP-11 programs for such devices as
paper tape readers, disks, magnetic tape, DECtape, cassette tape, or
comunications lines. The general-purpose loader consists of one circuit
board and will fit in a standard PDP-11 small peripheral controller (SPC)
slot. There are three versions available. The BM873-YA version contains
bootstraps for several devices. In addition, it can be used in conjunction
with an M792 diode ROM to load from some user-specified device not in
the ROM of the BM873-YA. The BM873-YA contains bootstrap loader
programs within a 128-word read-only memory (ROM).

The BM873-YB version bootstraps for all the devices in the BM873-YA
plus bootstraps for the RJP04, RJS03, RJS04, and TJU16. In addition, it
has a unit-select feature that permits bootstrapping from any drive on the
RK11-D, RJS03, RJS04, RJPO4 RP11, and TAl1l Cassette. The bootstrap
programs are contained in a 256-word read-only memory (ROM).

The BM873-YC version contains bootstraps for all the devices in the
BM873-YA plus a bootstrap for down-line loading a system over a syn-
chronous communication link using the DU11 interface. Messages trans-
mitted on the synchronous link must conform to DECnet protocols. Opera-
tion is point to point, private wire or switched. The bootstrap programs
are contained in a 256 word read-only memory (ROM).

The H324 pushbutton panel is available as an option to the BM873. It
contains four pushbuttons to select any one of four devices from which
the user may bootstrap. Bootstrapping is initiated simply by pushing the
button selected along with an interlock button which prevents accidental
operation.

LOADING PROGRAM

There are several methods available for loading programs with the
BM873: via the PDP-11 program console, by a JMP instruction in the pro-
gram, or by an external contact closure or voltage level. Four sets of
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eight diodes are cut to select the address of the bootstrap programs.
These diodes are used with the external sources.

An 8-pin Mate-N-Lok connector is provided for users who wish to install
their own external mechanisms or the H324 pushbutton panel. The dia-
gram shows how external devices are connected as well as the relation-
ship of each external input to the set of diodes used to select the start
address of the proper bootstrap program.

MATE-N-LOK CONNECTOR

DIODE ADDRESS
SELECTION SET PIN PUSHBUTTONS *
—l
1 1l e —————— == - - ———— ———— -
— 1
2 2 e —————— - e ————— —~
— I
3 3 e e —— - - -
1
4 4 ——————— — —— — - ——— — = - - — ———- -

P |
|

6  — ) NOT USED |
7 = |
]

* Pushbuttons are not included with the BM873 Module. They are installed at the
discretion of the user.

~15V SOURCE

SPECIFICATIONS

Mounting
1 SPC slot (quad module)

Programs Included

The BM873-YA, BM873-YB, and BM873-YC contain programs for RF11
Disk, RK11 Disk, TC11 DECtape, TM11 Magtape, RP11 Disk, RC11 Disk,
ASR Paper Tape Reader, TAll Cassette, and PC11 High Speed Reader.

The BM873-YB also contains programs for the RJPO4 Disk, RJSO3 Disk,
RJS04 Disk, and TJU16 Magtape.

The BM873-YC also contains a program for down-line load using the
DU11 Synchronous Interface.

Power
1 Aat 45V
2 rpA at —15V

ROM Cycle Time
500 ns

Restart Address
User-selectable via diodes (four sets of eight diodes for each of the four
inputs). Address range covers entire ROM area and can call special pro-
grams in other ROMs (BM792). The diodes select the, XXX part of the
address 773XXX.
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External Interface Connection
8-pin Mate-N-Lok connector on the module.

UNIBUS Loading
1 bus load

Models
BM873-YA—Restart/Loader with ROM programs to load from paper tape,
disks, magnetic tape, DECtape, and cassettes, or special user devices.

BM873-YB—Restart/Loader with ROM programs to load from paper
tape, disks, Magnetic tape, DECtape, and cassettes with unit select fea-
ture for some disks and the cassette.

BM873-YC—Restart/Loader with ROM programs to load from syn-
chronous communications link, paper tape, disks, magnetic tape, DEC-
tape, and cassettes.

H324—Pushbutton Panel. Option for any BM873 version to provide single
pushbutton operations for bootstrapping. Mounts in place of any 51
inch pop panel. Includes cable and Mate-N-Lok connector to connect to
BM873 connector. No power required.

PROGRAMMING

No programming is required. If a special device is required, use the M792
in conjunction with the BM873-YA. If bootstrapping is to be done from
the console of the PDP-11, the load addresses for the various devices are
as follows:

FOR BM873-YA

ADDRESS Bevice Type (Controller)

773000 RF11

773010 RK11

773020 Transfer to address contained in Switch
Register

773030 TC11

773050 TM11

773100 RP11

773144 RC11

773210 Teletype Paper Tape Reader

773230 TAll

773312 PC11

If a BM792 is used for a special device not in the list above, its jumpers
should be cut for address ranges 773400-773776.

FOR BM873-YB

ADDRESS Device Type (Controlier)

773000 RJS03/RJS04 Disk Unit O

773002 RJS03/RJS04 Unit specified in console switch register
773030 RK11 Disk Unit O
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FOR BM873-YB

ADDRESS Device Type (Controller)

773032 RK11 Unit specified in console switch register
773070 TC11

773110 TM11

773136 RF11

773150 TJUl6

773212 RC11

773320 RJPO4 Disk Unit O

773322 RJPO4 Unit specified in console switch register
773344 Transfer to address in console switch register

773350 RP11 Disk Unit O

773352 RP11 Unit specified in console switch register
773510 KL11/DL11 Console TTY Reader

773524 TAll Cassette Unit O

773526 TAl1 Unit specified in console switch register
773620 PC11

FOR BM873-YC .
ADDRESS Device Type (Controller)

773000 RF11

773010 RK11 .

773020 Transfer to address contained in Switch
Register

773030 TC11

773050 ™11

773100 RP11

773144 RC11

773210 ASR paper tape reader

773230 TAll

773312 PC11

773400 DU11
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CD11
HIGH-SPEED PUNCHED CARD READER, CD11

DESCRIPTION

The CD11 is a high-speed Card Reader that can process punched cards
at up to 1200 cards/minute. There are two versions: a tabletop unit with
an input hopper capacity of 1000 cards that operates at 1000 cards/
minute; and a free-standing floor model with a large 2250-card hopper
that has a speed of 1200 cards/minute. The Control Unit is a set of
modules mounted in a System Unit (SU) assembly.

The CD11 Card Readers access the PDP-11 UNIBUS from the interrupt
and non-processor request (NPR) modes of operation. Control and status
information is relayed in the interrupt mode. Data is transferred through
direct memory access (NPR).

Reader design helps prevent card jams and keeps card wear to a mini-
mum. Readers also have a high tolerance to cards that have been
nicked, warped, bent or subjected to high humidity.

To keep cards from sticking together, the readers use a special ‘riffle
air’’ feature. The bottom half inch of cards in the input hopper is sub-
jected to a stream of air which separates the cards and air cushions
them from the deck and from each other.

Cards entering the reader are selected through a vacuum picker. The
picker and its associated throat block prevent the unit from accepting
cards that have been stapled or taped together (unless such taping is on
the leading edge). Because the card track is very short, only one card is
in motion at any time. This minimizes the chances of cards jamming.
Stoppages are also reduced since the reader automatically makes six at-
tempts to process a card before rejecting it.

The read station uses infrared light-emitting diodes (LEDs) as its light
source and phototransistors as its sensors. No adjustments are required
during the ten-year life expectancy of the diodes.

Because card reader operation is flexible, cards can be loaded and un-
loaded while the reader is operating. A switch may be set to provide sys-
tem blower shutdown or continual running after the last card has been
read. Automatic shutdown reduces computer room noise level, and indi-
cates that the card hopper is empty.

A control unit is included with the card reader.

DATA FORMATS

The reader is designed to look, sequentially, for data in 80 columns,
starting with column number 1. Each column has 12 zones, or rows. A
hole (or a mark) is interpreted as a binary ONE, and the absence of a
hole (or no mark) as a binary ZERO. Data is read from the card one
column at a time. There are two data formats for input to the computer.

Non-Compressed Mode—A separate bit in the data register is used to

4-31



CD11

record the state of each card zone. The 12-zone bits correspond to 12
bits in the PDP-11 word (which has 16 bits).

Compressed Mode—The 12-zone bits are encoded into 8 bits, to fit in a
PDP-11 byte (8 bits). More efficient data storage is achieved in this
mode. All present Hollerith Codes (the standard used for 12-zone card
data), and the proposed expansion of the Code can be accommodated
with the compressed format utilized.

The CD11 has 4 registers: Status, Column Count, Bus Address, and
Data. A bit within the Status Register is set or cleared under program
control to cause the Data Register to hold either the non-compressed or
compressed format.

CONTROLS & INDICATORS

READ PICK STACK HOPPER
POWER CHECK CHECK CHECK

a. Front Control Panel—(CD11-A)

HOPPER
) [~ ]

STACK
CHECK

|

READ PICK END OF
[ CHECK CHECK RESET FILE

b. Front Control Panel—(CD11-E)

LAMP TEST SHUT DOWN
© MAN @Auro
MODE

REMOTE @ LOCAL

c. Rear Control Panel—Both Models
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Front Panel Controls and Indicators

Control or
Indicator Type

Function

POWER switch alternate-action
~ pushbutton/
indicator switch

READ CHECK white light
indicator

PICK CHECK white light
indicator

STACK CHECK  white light
indicator

HOPPER CHECK white light
indicator

Controls application of all power to
the card reader.

When indicator is off, depressing
switch applies power to reader and
causes associated indicator to light.

When indicator is lit, depressing
switch removes all power from
reader and causes indicator to go
out.

When lit, this light indicates that the
card just read may be torn on the
leading or trailing edges, or that the
card may have punches in O or 81st
column positions.

Because READ CHECK indicates an
error condition, whenever this indi-
cator is lit, it causes the card reader
to stop operation and extinguishes
the RESET indicator.

When lit, this light indicates that the
card reader failed to move a card
into the read station after it received
a READ command from the con-
troller.

Stops card reader operation and ex-
tinguishes RESET indicator.

When lit, this light indicates that the
previous card was not properly
seated in the output stacker and,
therefore, may be badly mutilated.

Stops card reader operation and ex-
tinguishes RESET indicator.

When lit, this light indicates that
either the input hopper is empty 6r
the output stacker is full.

In either case, the operator must
manually correct the condition be-
fore card reader operation can con-
tinue.
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Front Panel Controls and Indicators (cont.)

Control or
Indicator Type Function
STOP switch momentary When depressed, immediately lights
pushbutton/ and drops the READY line, thereby
indicator switch extinguishing the RESET indicator.
(red light) Card reader operation then stops as
soon as the card currently in the
read station has been read.
This switch has no effect on system
power; it only stops the current op-
eration.
RESET switch momentary When depressed and released, clears
pushbutton/ all error flip-flops and initializes card

END OF FILE
switch

indicator switch
(green light)

‘momentary
pushbutton/indi-
cator switch

reader logic. Associated RESET indi-
cator lights to indicate that the
READY signal is applied to the con-
troller.

The RESET indicator goes out when-
ever the STOP switch is depressed or
whenever an error indicator lights
(READ CHECK, PICK CHECK, STACK
CHECK, or HOPPER CHECK).

This switch is used as a program-
ming aid to inform the user when an
end-of-file has been reached.

As an example, assume that a par-
ticular file greatly exceeds the input
hopper capacity. The hopper is
loaded to capacity, the card reader
operated until a HOPPER CHECK in-
dication occurs, and the hopper is
loaded with more cards. When the
last group of cards is loaded, the
user can then depress END OF FILE.
As soon as the last card in this
group is read, an END OF FILE bit in
the controller is set. This END OF
FILE bit can then be read by the pro-
gram at any time.

Whenever the END OF FILE push-
button is depressed, the card reader
functions in a normal manner until
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Frbnt Panel Controls and Indicators (cont.)

Control or
Indicator

Type Function

the input hopper is empty (the last
card has been read). As soon as this
occurs, the card reader HOPPER
CHECK indicator comes on and the
controller END OF FILE bit is set.

Note that the END OF FILE can be
depressed at any time but the END
OF FILE signal is not sent to the con-
troller until the last card has been
completely read.

Rear Panel Controls

Control

Type

Function

LAMP TEST pushbutton

switch

SHUTDOWN 2-position

switch

MODE
switch

toggle

2-position
toggle

When depressed, illuminates all indicators on
the front control panel to determine if any of
the indicator lamps are faulty.

Controls automatic operation of the input
hopper blower.

MAN position—Dblower operates continuously
whether or not cards are in the input hopper.

AUTO position—causes the blower to shut
down automatically whenever the input hop-
per is emptied. Blower automatically restarts
when cards are loaded into the hopper and
the RESET switch is depressed.

Blower activates approximately 3 sec after
RESET is depressed.

Permits selection of either on-line or off-line
operation.

LOCAL position—removes the READ com-
mand input from the controller to allow the
operator to run the reader off-line by using
the RESET and STOP switches on the front
control panel.

REMOTE position—enables the READ com-
mand input from the controller to allow nor-
mal on-line operation under program control
once RESET is depressed.
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REGISTERS
Status and Control Registey (CDST) 772 460

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

ERROR -——’
READER CHECK
END OF FILE
OFF LINE

DATA ERROR
DATA LATE
NON-EXISTENT MEMORY

POWER CLEAR

Al
INPERRUPT ENABLE
EXTENDED BUS ADDRESS
READER TRANSITION TO ON-LINE
HOPPER CHECK
DATA PACKING
REA|

Effect of the Initialize (INIT) signal: clear bits 15 to 13, 11 to 9, 6 to 3,
1, and O.

Read only: .bits 15 through 9, 7, 3, and 2
Write only: bits 8 and O

BIT NAME FUNCTION

15 Error (ERR) Set to indicate an error condition that is the in-
C clusive OR of all error conditions (bits 14-09 in
this register).

If the error condition is due to bit 11, 10, or 9,
the Error bit does not set until the Busy signal
from the Card Reader is cleared. This permits
the entire card to pass through the read station
before an interrupt occurs.

14 Reader Check Set when an abnormal condition exists in the
card reader. Any one of the following four con-
ditions sets this bit:

a. Hopper Check—input hopper is empty or
the output stacker is full. This error indica-
tion occurs after column 80 of the last card
has been read.

b. Pick Check—feed mechanism failed to de-
liver a card to the read station when de-
manded. This error condition occurs if a
card is not delivered within 400 ms after a
Read command is initiated.

c. Stack Check—previous card was not prop-
erly seated in the output stacker and, there-
fore, may be badly damaged.
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BIT

13

12

11

NAME

End of File
(EOF)

Off Line

Data Error

CD11

FUNCTION

d. Read Check—read station electronics do not
agree with the usual light and dark areas of
the card. This could be caused by torn cards
or cards with illegal punches (holes in O or
81st column positions).

Error-causing condition should be corrected be-
fore clearing this bit.

Used with CD11-E only. Associated with the
END OF FILE pushbutton on that reader.

The END OF FILE pushbutton is used as a pro-
gramming aid to allow the user to insert an
END OF FILE flag at the appropriate place in
the program.

When the last group of cards in a specific file
has been loaded into the hopper, the user can
then depress the END OF FILE switch. When
the switch is depressed, the card reader func-
tions in a normal manner until the input hopper
is empty and the last card is read. At this time,
the card reader HOPPER CHECK indicator light
comes on and the controller END OF FILE bit
(bit 13) is set. Because a hopper-empty condi-
tion is considered an error, the status register
Reader Check, Hopper Check, and Error bits
are also set.

When a CD11-A is used, bit 13 is always clear.

Set when the reader is off-line. When clear, the
reader is on-line, under program control, and
ready to accept a Read command.

Depressing the card reader RESET switch brings
the reader on-line, provided no error conditions
exist and the reader MODE switch is in the RE-
MOTE position.

The card reader goes off-line (setting bit 12)
whenever an error condition is sensed (STOP
light on reader is lit), whenever the reader
STOP pushbutton is depressed, or whenever
the MODE switch is set to the LOCAL position.

When the controller is in the packing mode of
operation (bit 1 set), the normal 12-bit code is
compressed into an 8-bit code that allows a
column to be transferred as a single byte. When
this compressed code is used, card zones 1-7
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BIT

10

NAME

Data Late

Non-Existent
Memory

Power Clear
(PWR CLR)

Ready (RDY)

CD11

FUNCTION

are represented by an octal code; therefore, no
more than one zone should be at 1 at any given
time.

Set in the packing mode whenever more than
one of zones 1-7 are a 1.

" When bit 11 sets, it does not inhibit further

transfer of data into memory.

Set when NPR request is not granted during
the time that data is guaranteed valid from the
Card Reader.

This bit prevents further NPR requests from oc-
curring, thereby preventing clocking of the
column-count register (CDCC) and current ad-
dress register (CDBA).

If the controller is engaged in an NPR data
transfer and attempts to access a memory ad-
dress that does not exist, bit 9 sets to provide
an NXM error indication. This NXM error occurs
if the controller does not receive SSYN within
a specified time after it has issued MSYN.

When set, this bit inhibits further NPR requests.

Set to clear the column-count register (CDCC),
the current address register (CDBA), and all
bits in the status register (CDST) with the ex-
ception of bits 12, 7, and 2.

Set when the CD11 is ready to receive a new
command.

This bit is set by one of the following condi-
tions: -

a. Error bit set—an error condition exists and
the program should branch to an error-han-
dling routine.

b. Power Clear bit set—all controller logic has
been cleared and the controller can engage
in a data transfer.

c. INIT signal occurs—same as POWER CLEAR.

d. Busy clear and CDCC overflow—the preset
number of data transfers has been per-
formed and the controller is now ready for a
new Read command.
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BIT
6

5-4

2

0

NAME

Interrupt Enable
(INT ENB)

Extended Bus
Address (XBA17,
XBA16)

Reader Transition
to On Line (ON
LINE TRANS)

Hopper Check

Data Packing

Read

CD11

FUNCTION

Set to allow either Ready or Reader Transition
to On Line = 1 to cause an interrupt.

Used to specify bus address lines 17 and 16 in
direct memory transfers. Increment with the
current address register (CDBA).

Bit 5 corresponds to XBA17, bit 4 to XBA16.

Set when the card reader has gone on-line and
is under program control. Depressing the card
reader RESET switch brings the reader on-line,
provided no error conditions exist and the
reader MODE switch is in REMOTE.

The card reader goes off-line whenever an error
condition is sensed or when the STOP switch is
depressed.

NOTE
The READER TRANSITION TO ON-LINE bit
does not clear when the reader goes off-line.

Set to indicate that either the input hopper is
empty or the output stacker is full. The bit will
set Reader Check (bit 14). The bit is cleared by
correcting the condition that caused the error.
Because the bit is controlled by the HOPPER
CHECK signal from the card reader, it will not
be cleared by Power Clear.

Determines whether the data is to be loaded as
a 12-bit word or as a 8-bit byte; 0 = 12-bit
word, 1 = 8-bit byte.

NOTE
This bit has no effect on data read from the
processor.

Set to cause the card reader feed mechanism
to deliver one card to the read station for read-
ing.

When set, the bit clears the following bits in the
status register: 15, 14, 11, 10, 9, 7, and 3.

The bit also clears Error (bit 15), provided
Hopper Check (bit 2) is clear.

If the Read bit is set when the Card Reader is
busy, it will reset bits 15 and 2. Error is set to
indicate that a Read command was issued
when the card reader was not available for use.
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Column Count Register (CDCC) 772 462

BIT NAME
15-0 Column Count

FUNCTION

Contains the 2’'s complement of the number of
columns to be transferred to memory when
cards are being read.

The column-count register is loaded prior to
initiation of the read function. The register is
incremented by 1 after each transfer. When the
contents of the register equal all Os, further
transfers are inhibited until another READ com-
mand occurs.

If an entire 80-column card is read and the col-
umn-count register has still not advanced to O,
then the next card is automatically fed to the
read station.

All bits may be loaded or read by the program.
Cleared by POWER CLEAR (bit 8 in the status
register set) or by INIT.

NOTE

The column-count register should not be modi-
fied by using byte instructions. Use only word
instructions when loading this register. The reg-
ister is wired in such a manner that the entire
word is loaded even if a byte instruction is
used. Therefore, if the programmer attempts
to load only the low-order byte, for example,
the data on the high-order data lines is also
loaded. This latter data may be useless and/or
unknown to the programmer.

Whenever the column-count register reaches O,
an interrupt is initiated if INT ENB is set to in-
form the processor that the desired number of
columns has been transferred.

Current Address Register (CDBA) 772 464

BIT NAME
15-0 Address

FUNCTION

These bits specify the bus or memory address
into which the next column of data is to be
stored.

The current address register is initially set to
the memory location of the first column to be
read. It then increments by 1 for transfers in the
packing mode (byte transfers) and increments
by 2 for transfers in the non-packing mode
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BIT

NAME

CD11

FUNCTION

(word transfers). Incrementation occurs imme-
diately after each data transfer.

The bits in this register are used in conjunction
with extended address bits A17 and A16 (bits 5
and 4, respectively, in the status register) so
that 18-bit memory addresses may be used.

Note that the extended address bits participate
in the incrementation; they are a logical exten-
sion to this register.

The current address register is loaded prior to
issuing a READ command. The register may be
loaded or read by the program.

Cleared by POWER CLEAR (bit 08 in the status
register set) or by INIT.

NOTE
The current address register should not
be modified by using byte instructions.
Use only word instructions when loading
this register.

Data Buffer Register—Non-Packing Mode (CDDB) 772 466

BIT
11-0

2 1

15 12 n 10 9 8 7 6 S 4 3 (]
UNUSED ZONE | ZONE |ZONE | ZONE [ZONE [ZONE [ZONE|ZONE [ZONE|ZONE [ZONE|[ZONE
2 12 n 0 1 2 3 4 5 6 7 8 9

NAME

Zone

FUNCTION

These bits represent the output of a 12-bit data
buffer register. When the register is in a non-
packing mode (bit O1 in the status register is
clear), data from a card is loaded into this buf-
fer one column at a time on a word basis. After
each column is loaded, the contents of the
buffer is placed on the Unibus for transfer to
the processor, memory, or other bus device.

The contents of the buffer is coupled to the
12 least-significant bus data lines as shown
below:

Bit Corresponding Card Image
11 ZONE 12

10 ZONE 11

9-0 ZONES 0-9, respectively
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Bits 11-0 are read as 1s whenever a card is
not being read; bits 15-12 are always read as
Os.

Data Buffer Register—Packing Mode (CDDB) 772 466

BIT
7-0

2 0

15 8 7 6 5 4 3
20NE|zonE[zoNE[zoNE[zoNE|  OcTAL coDE
Gl sk el

NAME
Zone

FUNCTION

These bits also represent the output of the data
buffer register. During a read operation, data
from a card is loaded into this buffer one col-
umn at a time. After each column is loaded,
the contents of the 12-bit buffer are com-
pressed into an 8-bit character by an encoding
network and are then gated onto the UNIBUS
as a low-order byte. This data compression is
made available so that the card reader con-
troller is fully compatible with the proposed ex-
pansion of the Hollerith code.

Bits 7 through 3 are encoded as follows:

Bit Corresponding Card Image
7 ZONE 12
6 ZONE 11
5 ZONE O
4 ZONE 9
3 ZONE 8

Bits 2 through O represent an octal code that
defines the card zone as shown below. In the
case of multiple zones, these bits are the in-
clusive OR of the octal codes of the zones.

Bit Bit Bit

02 01 00 Card Zone

0 0 0 zero, ZONES 1-7
0 o 1 ZONE 1

0 1 0 ZONE 2

0 1 1 ZONE 3

1 0o O ZONE 4

1 0 1 ZONE 5

1 1 0 ZONE 6

1 1 1 ZONE 7

All bits are read-only bits with the same condi-
tions as described previously.
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SPECIFICATIONS

Main Specifications
Input medium:
Speed:

Hopper capacity:
Register Addresses

Status and Control
Column Count
Current Address
Data

UNIBUS Interface

Interrupt vector address:

Priority level:
Data transfer:
Bus loading:
Mechanical
Mounting:

Size:

Weight:

Power

Running current:
Starting current:
Current for control:
Heat dissipation:
Environment
Operating temperature:
Relative humidity:
Models

CD11-A:
CD11-B:

CD11

CD11-E
(when different)

CD11-A

80-column punched cards, 12 zones (or rows)
1000 cards/minute 1200 cards/min

1000 cards 2250 cards
(CDST) 777 160
(Cbce) 777 162
(CDBA) 777 164
(CDDB) 777 166
230

BR4

NPR

1 bus load

1 table top unit 1 free-standing unit
-+ 1 system unit (SU) +1 SU
14"H x 24"W x 18”D 38" x 24" x 38"

85 Ibs. 200 Ibs.
6A at 115 VAC 10A

15A at 115 VAC 22A
2.5A at -5V

600 W 1150 W

15°C to 32°C
209, to 80%

Card reader and control, 1000 cards/min, 115 VAC, 60 Hz
Card reader and control, 1000 cards/min, 230 VAC, 50 Hz

CD11-EA: Card reader and control, 1200 cards/min, 115 VAC, 60 Hz
CD11-EB: Card reader and control, 1200 cards/min, 230 VAC, 50 Hz

443



CR11
CM11

PUNCHED CARD READER, CR11
AND MARK SENSE CARD READER, CM11-F

DESCRIPTION

The CR11 Card Reader reads EIA standard 80-column punched data
cards; the CM11-F reads 80-column mark-sense cards, which can have
punched holes, at 285 cards per minute. The CR11 and CM11 are me-
chanically and electrically similar.

The CM11 can read cards marked with ordinary pencil or pen; it can also
read punched holes. Intermixing of punched holes and mark sense can
occur within the same batch of cards and even within the same card.
Although the CM11 can read up to 80 columns of marked data, it is
often better to use a maximum density of 40 columns, since it is difficult
to confine the marking within a narrow area. The vertical spacing of the
columns of data is flexible and is determined by the customer. The
CM11 Reader does not look for data at predetermined distances along
the card: it looks for timing tracks (dark marks) along the bottom edge
of the card. These marks are used to indicate to the Reader that column
" data is to be read.

Cards that can be used with the CR11 and CD11 can also be used with
the CM11, but only if they have the timing marks. The CR11 and CM11
Readers are suitable for placing on top of a table. The Control Unit is a
quad module that mounts in a Small Peripheral Controller (SPC) slot.

Reader design helps prevent card jams and keeps card wear to a mini-
mum. Readers also have a high tolerance to cards that have been
nicked, warped, bent or subjected to high humidity.

To keep cards from sticking together, the readers use a special ‘'riffle
air” feature. The bottom half inch of cards in the input hopper is sub-
jected to a stream of air which separates the cards and air cushions
them from the deck and from each other.

Cards entering the reader are selected through a vacuum picker. The
picker and its associated throat block prevent the unit from accepting
cards that have been stapled or taped together (unless such taping is on
the leading edge). Because the card track is very short, only one card is
in motion at any time. This minimizes the chances of cards jamming.
Stoppages are also reduced since the reader automatically makes six
attempts to process a card before rejecting it.

The read station uses infrared light-emitting diodes (LEDs) as its light
source and phototransistors as its sensors. No adjustments are required
during the ten-year life expectancy of the diodes.

Because card reader operation is flexible, cards can be loaded and un-
loaded while the reader is operating. A switch may be set to provide sys-
tem blower shutdown or continual running after the last card has been
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read. Automatic shutdown reduces computer room noise level, and in-
dicates that the card hopper is empty.

A control unit is included with the card reader.

DATA FORMATS

The readers are designed to look, sequentially, for data in 80 columns,
starting with column number 1. Each column has 12 zones, or rows. A
hole (or a mark) is interpreted as a binary ONE, and the absence of a
hole (or no mark) as a binary ZERO. Data is read from the card one
column at a time. There are two data formats for input to the computer.

Non-Compressed Mode—A separate bit in the data register is used to
record the state of each card zone. The 12-zone bits correspond to 12
bits in the PDP-11 word (which has 16 bits).

Compressed Mode—The 12-zone bits are encoded into 8 bits, to fit in a
PDP-11 byte (8 bits). More efficient data storage is achieved in this
mode. All present Hollerith Codes (the standard used for 12-zone card
data), and the proposed expansion of the Code can be accommodated
with the compressed format utilized.

The CR11 and CM11 have 3 registers for communicating with the com-
puter (and the UNIBUS). There is a Status Register and 2 Data Buffers.
One of the Data Buffers contains the card data in the non-compressed
(12-bit) format, the other has the data in compressed (8-bit) format.
Selection of formats is made simply by addressing the appropriate reg-
ister. The data is always available in both formats.

445



CR11

CM11
CONTROLS & INDICATORS
Front Panel
Control or
Indicator Type Function
POWER alternate-action  Controls application of all power to
switch pushbutton/ the card reader.
indicator - . .
switch When indicator is off, depressing

READ CHECK white light
indicator

PICK CHECK white light
indicator

STACK CHECK  white light
indicator

HOPPER CHECK white light
indicator

switch applies power to reader and
causes associated indicator to light.

When indicator is lit, de_pressing
switch removes all power from
reader and causes indicator to go
out.

When lit, this light indicates that the
card just read may be torn on the
leading or trailing edges, or that the
card may have punches in the O or
81st column positions.

Because READ CHECK indicates an
error ‘condition, whenever this indi-
cator is lit, it causes the card reader
to stop operation and extinguishes
the RESET indicator.

When lit, this light indicates that the
card reader failed to move a card
into the read station after it received
a READ COMMAND from the con-
troller.

Stops card reader operation and ex-
tinguishes RESET indicator.

When lit, this light indicates that the
previous card was not properly
seated in the output stacker and
therefore may be badly mutilated.

Stops card reader operation and ex-
tinguishes RESET indicator.

When lit, this light indicates that
either the input hopper is empty or
that the output stacker is full.
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STOP switch

RESET switch

momentary
pushbutton/
indicator

switch (red light)

momentary
pushbutton/
indicator

-switch (green

light)

CR11
CM11

In either case, the operator must
manually correct the condition be-
fore card reader operation can con-
tinue.

When depressed, immediately lights
and drops the READY line, thereby
extinguishing the RESET indicator.
Card reader operation then stops as
soon as the card currently in the
read station has been read.

This switch has no effect on the sys-
tem power; it only stops the current
operation.

When depressed and released, clears
all error flip-flops and initializes card
reader logic. Associated RESET in-
dicator lights to indicate that the
READY signal is applied to the con-
troller.

The RESET indicator goes out when-
ever the STOP switch is depressed
or whenever an error indicator lights
(READ CHECK, PICK CHECK, STACK
CHECK, or HOPPER CHECK).

Rear

Panel

Control

Type

Function

LAMP TEST
switch

SHUTDOWN
- switch

pushbutton

2-position toggle

When depressed, illuminates all in-
dicators on the front control panel’
to determine if any of the indicator
lamps are fauity.

Controls automatic operation of the
input hopper blower.

MAN position—blower operates con-
tinuously whether or not cards are
in the input hopper.

AUTO position—causes the blower
to shut down automatically when-
ever the input hopper is emptied.
Blower automatically restarts when
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cards are loaded into the hopper and
the RESET switch is depressed.

Blower activates approximately three
seconds after RESET is depressed.

Permits selection of either on-line or
off-line operation.

LOCAL position—removes the READ
COMMAND input from the controller
to allow the operator to run the
reader off-line by using the RESET
and STOP switches on the front con-
trol panel.

REMOTE position—enables the READ
COMMAND input from the controller
to allow normal on-line operation
under program control once RESET
is depressed.

REGISTERS

Card Reader Status Register (CRS) 777 160

15
ERROR—-J

CARD DONE T
MOTION CHECK ———— B
TIMING ERROR —————————————

READER TO ON-LINE ———————

HOPPER CHECK
BUSY
READER READY STATUS

COLUMN DONE

INTERRUPT ENABLE

EJECT

READ

Effect of the Initialize (INIT) signal: clear bits 15, 14, 11, 10, 7, 6, 1, and

0.

Read only: bits 15 through 7
Write only: bit O

_BIT NAME
15 Error

14 Card Done

FUNCTION

Set when an error occurs.

Set when one card has passed through the

read station and another one may be de-
manded from the input hopper.
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12

11

10

0]

Hopper Check

Motion Check

Timing Error

Reader To on Line

Busy
Reader Ready Status

Column Done

Interrupt Enable

Eject

Read

CR11
CM11

Set when the input hopper is empty or
output stack is full. This signal is provided
by mark sense card readers and later
models of the punched card units.

Set to indicate abnormal condition in the
card reader. Three conditions can cause
this bit to be set:

a) Feed error

b) Motion error

c) Stack Fail

These signals are available from the mark
sense readers and later models of the
punched card units.

Set when a new column of data arrived
into the CRB before the previously loaded
column was attended to by a program.

Set when the reader is on-line. Sensing an
error or operating the stop switch on the
card reader panel causes the reader to go
off-line. Operating the start switch brings
the reader on-line providing no error caus-
ing condition exists.

Set when a card is being read.

Set when the reader is off line; O indicates
on-line and hence ready to accept read
commands.

Set when a column of data is ready in
CRB.

Set to allow Card Done, Column Done, or
Error = 1 to cause an interrupt.

When set, column ready flag is inhibited
from setting. However, data transfers be-
tween card reader and data buffer do take
place.

Set to allow the feed mechanism to deliver
a card to the read station.

A program can load and read information from the Card Reader Status
(CRS) register using appropriate instructions and considering the follow-
ing limitations:

a.

Bits 15-7 can only be read on the bus.

b. COLUMN DONE bit is automatically cleared by reading the Data

Buffer.
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c. Bits 15-8 are automatically cleared when an attempt to load the status
register is made. However, if this loading is to read a card, and an
error condition requiring manual intervention has not been attended
by the operator, appropriate error bit will be set again to cause an
interrupt. Commands to READ CARD under these circumstances is
not honored.

d. BIT O is always read as zero on the bus.

Card Reader Data Buffer Register (CRB1, CRB2) 777 162, 777 164

ZZZITTITITITITITITT]
si=—— I ]11]]]]
U1

1

i

~
o]
z
m
CENOCUB WN—=O

|

Read only: all bits
Data from one column at a time of the card is loaded into this register.

BIT FUNCTION

ZONE 12
ZONE 11
ZONE
ZONE
ZONE
ZONE
ZONE
ZONE
ZONE
ZONE
ZONE
ZONE

—
[

o-—-mw#mm\xoonog
WoONOTOPAhWN—O

If the data buffer is addressed at CRB2, the 12-bit content is compressed
into an 8-bit character by an encoding network before getting on to the
bus as low order byte. The 8-bit code is:
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FUNCTION

ZONE 12
ZONE 11
ZONE O
ZONE 9
ZONE 8
DATA encoded as follows:

000 = no punches, ZONE 1-7

001 = ZONE 1
010 = ZONE 2
011 = ZONE 3
100 = ZONE 4
101 = ZONE 5
110 = ZONE 6
111 = ZONE 7

In case of multiple zones twice, bits will be the inclusive OR of the octal
codes of the zones.

PROGRAMMING EXAMPLE
The following example shows a typical method of programming the CR11
Card Reader System. In this example, the card reader is used to read a'
bootstrap loader program from punched cards and load the program
into core memory.

CRS=777160
CRB1=777162
.=1000
R1=9%1
R2=9,2
R3=9%3
R4=9%4
START: MOV  #CRS, R1
MOV  #CRB1, R3
RTST: BIT @R1, #1400
BNE RTST
RDCD: INC @R1
RCHK: BIT @R1, #140000
BGT RDCD
BEQ GOGO

;CARD READER STATUS REGISTER
;12-BIT DATA BUFFER
;STARTING ADDRESS FOR MEMORY

;SET UP ADDRESS OF CRS IN R1
;ADD DATA BUFFER ADDRESS IN R3

;IS READER ON-LINE?
;NO, SO MAY AS WELL WAIT.

;0.K., READ A CARD

;SPECIAL CONDITION OR CARD
;DONE SET?

;SPECIAL CONDITION OFF BUT CARD
;DONE ON.

;BOTH OFF
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END: RESET :SPECIAL CONDITION ON, ASSUME
JMP  @R2 :HOPPER EMPTY AND BRANCH TO
;PROGRAM
GOGO: TSTB @R1 ;COLUMN READY?
BPL RCHK ;NO, KEEP LOOKING.
BIT @R3, #400 ;ROW 1 IN THIS BYTE?
BEQ GO2 ;NO, MUST BE DATA
MOVB @R3, R2 :YES, IS FIRST ADDRESS BYTE
SWAB R2 :MOVE TO HIGH-ORDER BYTE
“MOV  R1, R4 :AND SET SECOND-ADD.-BYTE FLAG
BR RCHK ;AND GET NEXT COLUMN
GO2: MOV R4, R4 :TEST SECOND-ADD.-BYTE FLAGS
BNE GO3 :IF ON, USE THIS FOR ADD. BYTE
MOVB @R3, (R2)+ ;OTHERWISE, STORE IT IN MEMORY
BR RCHK ;AND GET NEXT BYTE.
GO3: ADD @R3, R2 :COMPLETE ADDRESS MAKEUP
CLR R4 :RESET SECOND-ADD.-BYTE FLAG
BR RCHK ;AND GO AROUND
.END

SPECIFICATIONS

Main Specifications
Input medium:
Speed:

Hopper capacity:

Register Addresses

Card Reader Status (CRS)
. Card Reader Buffer (CRB1)
Card Reader Buffer (CRB2)

UNIBUS Interface
Interrupt vector address:
Priority level:

Bus loading:

Mechanical -
Mounting:

Size:
Weight:

80-column punched cards
285 cards/minute
550 cards

777 160
777 162
777 164

(12-bit characters)
(8-bit char, compressed)

230
BR6
1 bus load

1 table-top unit + 1 SPC slot (quad
module)

11"H x 19”"W x 14”D

60 Ibs
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Power
Starting current: 12 A at 115 VAC
Running current: 6 A at 115 VAC
Current for Control Unit: 15Aat 45V
Heat dissipation: 600 W
Environmental
Operating temperature: 15°C to 32°C
Relative humidity: 209%, to 809,
Models
CR11: Punched card reader and control, 115 VAC, 60 Hz
CR11-A: Punched card reader and control, 230 VAC, 50 Hz
CM11-FA: Mark-sense card reader and control, 115 VAC, 60 Hz
«CM11-FB: Mark-sense card reader and control, 230 VAC, 50 Hz
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UNIBUS LINK, DA1l1l-B

DESCRIPTION

The DA11-B DMA UNIBUS Link is a high-speed, half-duplex data-transfer
channel connecting two PDP-11 computer systems over a distance of up
to 100 ft. (30 meters). Using the direct-memory-access (DMA) facilities
of each computer, the link transfers either single words or blocks of data
from the memory of one machine to the memory of the other. Data
blocks up to 32K words in length can be transmitted via the Link in a
single operation. The transfer rate can be as high as 500,000 words per
second.

The Link consists of a general purpose DMA bus interface attached to
each computer plus the interconnecting logic and cables that synchro-
nize both interfaces. The bus link operates in two different modes: Word
and Block. In Word Mode, information is passed between computers one
word at a time by interrupt-driven program commands. In Block Mode,
the link transmits blocks of consecutive locations from the memory of
one computer to the memory of the other, using the DMA (NPR) facility
in each machine. Each computer controls its own interface to the link.
Each has its own Word Count and Bus Address registers that control the
number of words in a block transfer and the memory addresses involved.
The Link's Word Mode can be used to pass this control information prior
to a block transfer.-

After the interface registers have been initialized, a command is given
to initiate the block transfer. The transmitting interface reads a word
from its memory, using the NPR facility of the UNIBUS, and sends that
word to the interface on the adjacent computer. The receiving interface
gains control of its bus via an NPR request, and then transfers the word
from the interface to memory. As each word is transferred, both inter-
faces automatically increment their Word Count and Bus Address regis-
ters. The alternating sequence of cycles continues until the block
transfer is complete, whereupon both interfaces generate ‘“transfer-
done” interrupts. Each bus interface is constructed as a single system
unit that can be installed in any PDP-11 mounting box. The intercon-
necting cables are shielded and terminated so that the two computers
can communicate over distances up to 100 feet (30 meters).

PROGRAMMING

In order to coordinate the channel set-up procedures, the programmable
control units in each interface are interconnected to pass interrupt re-
quests and channel-usage parameters between the computers. Once the
block transfer is initiated, no further programming operations on the
link control units are required until the transfer is completed.

Each of the interfaces of the DA11-B contains the following four ad-
dressable registers:
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PROGRAM BUS
REGISTER MNEMONIC OPERATION ADDRESS
Word Count DRWC Read/Write XXXX00
Bus Address DRBA Read/Write XXXX02
Control & Status DRST Read/Write XXXX04
Data Buffer * DRDB Read/Write XXXX06

Data Buffer

The Data Buffer performs two separate functions in the interprocessor
channel. In Word Mode, the Data Buffer is used as a 16-bit addressable
register to transfer information between computers under program con-
trol. It is loaded by the processor transmitting the word, then read by
the other processor. The Request-interrupt bit (bit 3) of the Control and
Status Register can be used to signal that data has been loaded by the
transmitting processor. In Block Mode, the Data Buffer serves as an in-
ternal storage register that holds the word being transferred under NPR
control.

Word Count Register

The Word Count register is initially loaded with the two’s complement of
the number of words to be transferred. The register increments toward
zero after each bus cycle. When the Word Count overflows (all 1's to all
0’s), the Transfer Complete bit in the Control and Status register is set
and the transfer halts.

Along with the Extended Address bits (bits 5 and 4) in the Control and
Status Register, the Bus Address Register is used to specify the bus
address of the location to be transferred during DMA cycles. Because the
UNIBUS link is only used to transfer full 16-bit words, bit zero of the
Bus Address Register is always zero. The Bus Address Register is incre-
mented after each bus cycle, advancing the address to the next sequen-
tial word on the bus. If the Bus Address Register overflows, the ERROR
bit in DRST is set. Since Bus Address overflow does not increment the
Extended Address bits, the maximum block that can be transmitted in
one operation is 32K words.

Control and Status Register

The Control and Status Registers in the two interfaces are intercon-
nected to provide a means of transferring channel status and interrupt
requests from one processor to the other. Either processor can set up
bits 1, 2, and 3 in its own Control and Status Register to indicate that
it wishes to initiate a transfer. Setting these bits causes bits 9, 10, and
11 to be set in the companion processor’'s Control and Status Register
(and an interrupt generated, if enabled) thereby informing the com-
panion processor of the request for transfer. The bits of the Control and
Registers are defined as follows:

BIT NAME FUNCTION
15 Error Set to indicate an error.
14  NEX Set to indicate an attempt to transfer
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Interrupt Requested

Requested Transfer
Direction

Requested Transfer
Mode

Cycle

Transfer Done

Interrupt Enabled

XBA17
XBA16

Request Interrupt

Request Transfer
Direction

Request Transfer
Mode
GO

SPECIFICATIONS
Option Designations

DA11-B

data to or from a non-existent address.
Unused

Maintenance only.

Set to indicate that the companion com-
puter has requested an interrupt (by set-
ting bit 3 of its Control an8l Status Regis-
ter).

Set to indicate that the companion com-
puter wishes to receive data. Cleared to
indicate that the companion computer
wishes to transmit data.

Set to indicate that the companion. com-
puter wishes to initiate a single-word
transfer. Cleared to indicate that it wishes
to transfer a block of data.

Set to initiate the first transmit cycle from
the requesting computer. Used in con-
junction with the Go bit.

Set at the completion of a transfer to in-
dicate that the Link is ready to accept a
new command. Forces the interface to re-
lease control of the UNIBUS and inhibits
further DMA cycles.

Set to force a program interrupt whenever
an Error (bit 15), an Interrupt-Requested
(bit 11), or a Transfer-Complete (bit 7)
condition occurs.

Extended-Bus Address bits. Set to 00 for
a transfer in the area 0-32K, 01 for 32K-
64K, 10 for 64K-96K, 11 for 96K-128K.
Set to request an interrupt in the com-
panion processor. Sets Interrupt Re-
quested (bit 11) and Transfer Complete
(bit 7) in the companion computer and
causes an interrupt in the other computer
if its Interrupt Enable bit (bit 6) has been
set.

Set to request a transfer of data from the
companion processor. Clear to request a
transfer to it.

Set to request a single-word transfer.
Cleared to request a block transfer.

Set to initiate a transfer.

DA11-BP DMA Bus Link—25 ft. (7.5 meter)
cables

DA11-BE DMA Bus Link—50 ft. (15 meter)
cables
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Addressable Registers

Interrupt Vector

Priority Level

Modes

Direction

Word Size

Maximum Block Length
Bus Loading

DC Power

Installation

UNIBUS Compatibility

DA11-B

DA11-BF DMA Bus Link—100 ft. (30 meter)
cables

Four in each interface:

Word Count

Bus Address

Control and Status

Data Buffer

Requires one vector at location 124 (or
assigned to floating vector field, location
300 and above)

BR5

Word or Block Transfer

Send or Receive

16-bits parallel data

32K words

Each interface places a one-unit bus load
on its UNIBUS.

Each interface draws 4A (max.) from

+ 5V dc supply.

Each interface occupies one system unit
and can be installed in any PDP-11
mounting box.

Can be used with any PDP-11 Family
processor.
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—--l DATA BUFFER H DATA BUFFER
-——r WORD COUNT J [ WORD COUNT
—-li BUS ADDRESS ] r BUS ADDRESS

Pk

ERROR

(5] [15] ERROR
NON-EXISTENT ADDRESS Na] 4] NON-EXISTENT ADDRESS

13 13
[MAINTENANCE ONLY) 2| 2] (MAINTENANCE ONLY)
INTERRUPT REQUESTED BY B ST oS INTERRUPT REQUESTED BY A
REQUESTED TRANSFER DIRECTION—=¢{ 10 10~ REQUESTED TRANSFER DIRECTION
REQUESTED TRANSFERMODE =4 9 | |9~ REQUESTED TRANSFER MODE
CYCLE 8 8] CYCLE
TRANSFER COMPLETE 7] 7 TRANSFER COMPLETE
INTERRUPT ENABLED 0 o | INTERRUPT ENABLED
EXTENDED BUS ADDRESS N ry s e EXTENDED BUS ADDRESS
EXTENDED BUS ADDRESS - n> EXTENDED BUS ADDRESS
REQUEST INTERRUPT OF B -3 (3 e REQUEST INTERRUPT OF A
REQUEST TRANSFER DIRECTION - 2 | (2 |« REQUEST TRANSFER DIRECTION
REQUEST TRANSFER MODE 1] 1 | REQUEST TRANSFER MODE
GO =0 [0}« GO

APORT  BPORT

Control and Data Transfer Between the
A Port and B Port of A UNIBUS Link
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UNIBUS WINDOW, DA11-F

DESCRIPTION

The DA11-F UNIBUS Window is a high-speed interbus channel that con-
nects two PDP-11 systems. Since it is a bus-to-bus connection, the
DA11-F permits communications between any two devices on the two
busses. And, since it operates on a cycle-by-cycle basis, it permits inter-
bus DMA transfers as well as single-word accesses.

The UNIBUS window allows a PDP-11 system to access addresses on a
companion system’s UNIBUS as though they (the addresses) were on
its own. It does so by automatically translating requests to a designated
part of the bus-address space into requests on the other bus. Since all
synchronization is done internally by the window hardware, the operation
is completely transparent to the operating software.

Any unused block of addresses on the UNIBUS, from 512 to 32K words
in size, may be designated as the window. Normally, it is placed directly
above the last memory module. Thus, on a system with 64K words of
memory, an 8K window would be placed from 64K to 72K. Once this
window is initialized, any access to a location between 64K and 72K
will be translated automatically into an access to an 8K address area
on the companion system’s UNIBUS. (The 8K area to be accessed on
the companion’s UNIBUS is selected as part of the window initialization
process.) Thus, a window operation involves both the UNIBUS on which
the access was requested, referred to as the originator bus, and the bus
on which the access is actually performed, referred to as the target bus.
Any type of address access (instruction fetch, data fetch, data write, or
DMA-type block transfer) may be performed through the UNIBUS win-
dow. Once the window is set up, the interbus transfer is completely
transparent.

Any device capable of being bus master may originate an access through
the window. A processor on one side, for example, can execute code
that is contained in the other computer’s memory. Or a mass-storage
device can transfer data to memory on the opposite bus. An individual
processor is not limited to a single UNIBUS window; multiple windows
allow inter-communication between several processors.

The window channel appears as a field of UNIBUS addresses on the
originator bus. When the DA11-F recognizes a bus cycle addressed to a
location within that field, it gains control of the target bus via an NPR
request. The DA11-F then executes the same bus cycle but addresses it
to the desired physical location on the target bus. A ‘‘through-the-
window’’ transaction, therefore, is composed of a data transfer cycle on
each bus. UNIBUS cycles operate as master-slave handshaking se-
quences. As a result, the DA11-F appears as a slave on the originator
bus and as a master on the target bus.

The window field on the originator bus is fixed in size and in its location
in the total bus-address space. The target space that the DA11-F can ad-
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dress on the target bus is the same size as the window field but may be
relocated, under program control, throughout the full UNIBUS address-
ing range (128K). A device on the originator bus could address its data
transfer to the window field between 64K and 72K, but would actually
gain access to target-bus locations between 32K and 40K. The relocation
factor may, of course, be changed to point the window to any set of
locations (starting on an even 4K boundary) on the target bus.

The DA11l-F is a completely symmetrical unit and contains two of the
window channels described above. Transactions may, therefore, originate
on either bus and data may flow in either direction. To distinguish the
two sides of the bus window, the UNIBUS interfaces are designated as
the A Port and the B Port.

Each processor is given complete control over accesses to locations on
its own bus. A programmable control unit within each port governs the
use of the channel that originates on the opposite bus. The processor
on the target bus can disable transfers through the window, restrict
them to read only, and decide which addresses on its bus the window
may have access to. .

PROGRAMMING

Since each processor controls window operations directed at its own
bus, the two computers must cooperate in establishing the access
parameters for the window channels. Both cross-interrupt and cross-
parameter transfer facilities are provided in the port-control units for
interprocessor communication. Information can be passed via the con-
trol units without disturbing any on-going window-channel operations.
Typical messages would request that a channel be opened, indicate
whether it is to be read/write or read only, and set up the relocation
factor to be used in calculating the target address. Once a channel has
been opened, programs on the originator side can make random ac-
cesses through the window at any time with no further programming
operations on the DA11-F control unit itself.

Each port of the DA1l1l-F contains the addressable registers explained
below:

MNEMONIC PROGRAM
REGISTER A PORT B PORT OPERATION ADDRESS
Control and Status Word ACSR BCSR Read/Write XXXX00
Output Data Buffer ADB BDB Read/Write XXXX02
Input Data Buffer BDB ADB Read Only XXXX04
Displacement Address ADA BDA Read Only XXXX06
(Internal)
Relocation Address ARA BRA Read/Write XXXX10
Starting Address ASA BSA Read Only XXXX12
Vector Address AVA BVA Read Only XXXX14

Control and Status Register
The Control and Status Registers on each port are interconnected to pro-
vide a means of transferring information, channel status, and interrupt
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requests from one processor to the other. They also report error condi-
_tions due to illegal access by an originator bus or due to the inability of
the window channel to complete a target bus cycle.

The bits of the Control and Status Registers are defined as follows:

BIT NAME
15 Error
14  Timeout

13 Power Failure

12 New Data Loaded
by Other Bus

11 Data 3 from
Other Bus

10 Data 2 from

Other Bus

9 Data 1 from
Other Bus

8 Enable Transfer from
Other Bus

FUNCTION

Set if an access request from the orig-
inating bus fails. When the error bit is set,
further window transactions originating on
this bus are inhibited. If the Interrupt En-
able bit (bit 6) is set, the error will cause
an interrupt.

Set on this port if a bus timeout occurs
while the window is attempting to access
a location on the opposite bus. Generally,
the timeout is the result of attempting to
access a non-existent target location in
memory.

Set to indicate a power failure on the tar-
get bus..

When set, indicates that the opposite
processor has loaded new information
into its CSR (bits 11:9) or its Data Buffer.
If Interrupt Enable (bit 6) is set, then
loading new data causes an interrupt on
this bus. )
The new-data bit can be set and cleared
to signal successful passing of data. For
example, if bit O (New Data for A) is set
on the B port, a 1 appears at bit 12 of the
A port. If Interrupt Enable (bit 6) on the A
port is set, an interrupt request will be
generated on the A bus. When the A pro-
cessor has serviced the interrupt, it can
clear the New-Data bit by writing a 0 into
bit 12 of its own CSR. This action clears
bit O of the B port CSR, thereby indicating
that the message has been received.
Readout of contents of bits 5, 4, and 3
from the opposite port. Used to pass in-
formation bits and flags between com-
puters.

Set to allow this port to be used as a tar-
get for transactions originating on the
opposite bus. (Transfer Enable should
only be set after Write Enable (bit 1) and
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the Relocation Address Register on this
port are loaded correctly.)
7  Transfer to Other When set, indicates that an originator on
Bus Enabled this bus may perform a window transac-
tion to the opposite bus, i.e., the target
bus has set its Enable Transfer bit (bit 8).
If this bit is clear, an attempt to originate
a window transaction from this bus will
cause an error.
6 Interrupt Enabled (IE) Set to generate a program interrupt when
an error occurs (bit 15) or when the com-
panion processor loads new data (bit 12).

5 Data 3 for Loaded to pass information to the com-
Other Bus panion computer.
4 Data 2 for
Other Bus
3 Data 1 for
Other Bus
2 Writing to Other When set, indicates that the companion
Bus Enabled processor has allowed write access to its
UNIBUS locations (i.e., the companion
processor has set its bit 1).
1 Enable Writing from Set to allow the companion processor to
Other Bus i change locations on the UNIBUS.
0 New Data Set to indicate to the companion proces-

sor that either the Data bits (bits 11:9)
or the Data Buffer on this port are loaded
with new information.

Output Data Buffer

The 16-bit Output Data Buffer operates in two modes—either as an in-
ternal data-storage register during window transactions or as a Cross-
communication register during’ interprocessor program transfers. When
the window is not enabled for transfers (bit 8 of the status register is
cleared) the Output Data Buffer can be used to pass information to the
opposite processor. Since data transfers can only be enabled by the
target bus, the output data buffer providés a convenient way for the
originator bus to request that a window be enabled.

Input Data Buffer

The 16-bit Input Data Buffer holds the contents of the Output Data
Buffer from the opposite port. It permits the target bus to read data
loaded by the originator bus.

Relocation Address Register

The Relocation Address Register specifies the high-order bits of a re-
located target address, i.e., the area on the target bus to which the
window points. It is loaded by the processor on the target bus. During
a window transaction, the contents of the Relocation Address Register,
shifted left by two bits, are added to the low order bits of the address
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on the originator bus (that indicate the address within the window) to
form an 18-bit target address.

Operation of the UNIBUS Window
(Simplified examples using identical processors and
only one window port)

8K 8K
CORE ox oK CORE
MEMORY 24K 24K MEMORY
MODULES | 32K ——-L.» | moDULES I
40K P
"MOs MEMORY | oK A ol OS MEMORY |
MOS MEMORY ’ M MEMORY
MODULES | 3% | / / i‘:" MODULES
a-d oy K
IN w / WINDOW
[winbow | <37 7, T
80K 80K | MEMORY SHARED
88K 88K |  BYMEANS OF THE
96K 96K BUS WINDOW
UNUSED BUS [ 104K 104K | yNUSED BUS
ADDRESSES | 112K 112K | ADDRESSES
120K 120K
1/0_PAGE | 170 PacE
 — S———
UNIBUS A UNIBUS B

a. Example: A is the originating bus; B is the target bus. An 8K Window
on UNIBUS A is located at 64K. It has been initialized to connect to
locations 32-40K of UNIBUS B. System A executes a MOV X, RO in-
struction where X is defined to be a location between 64K and 72K.

1. Processor A issues a request on UNIBUS A to fetch location X.

2. The window recognizes this as an address within its address bound-
aries (64K-72K). It therefore translates it into the appropriate address
on UNIBUS B (an address between 32K and 40K) and issues a re-
quest on UNIBUS B to fetch that location.

3. The data is fetched from UNIBUS B and passed to the window.

4. The data from UNIBUS B is transmitted to Processor A in response
to the original fetch cycle on UNIBUS A.

5. The data is loaded into Processor A's RO, thereby completing execu-
tion of the MOV X, RO. The fact that the data actually came from
System B’s memory is transparent to Processor A.
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CORE
MEMORY
MODULES

MOS MEMORY
MODULES

WINDOW

MEMORY SHARED
BY MEANS OF THE
BUS WINDOW

1/0 PAGE

8K 8K

\
coxe 16K 16K
MEmoRY | 24K 24K
MODULES | 32K 32K
40K 40K
______ 48K 48K

MOS MEMORY | 54
MODULES
wWiNDOW | (T -7
i 72K
80K 80K
88K 83K
96K 96K
104K 104K
n2k n2K
120K 120K

1/0 PAGE

UNIBUS A UNIBU

SB

In this second example, the window has been reinitialized to point to

locations 56K-64K on UNIBUS B. If the same MOV X, RO instruction
were repeated, the value of X would be fetched from System B's
MOS memory instead of from its core memory.

Also, in this example, access to UNIBUS B has been initialized as
read-only. An attempt to execute a MOV RO, X instruction would,
therefore, result in a protection-violation trap.

8K 8K
16K 16K
CORE CORE
I MEMORY Al 24K MEMORY
MODULES TN 32K MODULES
40K | 0N 40K
—————— 48K AN 48K - — — — — —
MOS MEMORY | o0y N | ek [MOS MEMORY
MODULES W\ MODULES
a-d - o -
WINDOW | ¢*7 7% T 7> [WINDOW
PORT A N PORT
80K | \ Y }aox ORTB DEVICE
MEMORY SHARED | 88K |\ Y 88K | REGISTERS SHARED
BY MEANS OF THE | 96K A 96K |  BYMEANS OF THE
BUS WINDOW 104K v N lioak BUS WINDOW
N2k RS
120K N Ao
1/0 PAGE N 1/0_PAGE
T |
UNIBUS A UNIBUSB

UNIBUS Window Operation Utilizing Both Window Ports

In previous examples, only one direction of window transfer was dia-
grammed. The window actually implements two independent paths be-
tween busses. Having both windows enabled for reading and writing
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allows each system to have shared access to part of the other system’s
memory. In this special case example, System A’s window allows it to
access device registers and hence initiate transfers on one or more of
System B's peripherals. By doing writes to the appropriate locations
between 68K-72K on its own UNIBUS (automatically translated by the
window to actually load disk controller registers in System B’s I/O page),
System A may initiate an 8K transfer to locations 64K-72K on System
B’s UNIBUS. But this data would, in turn, pass through System B’s
window to locations 24K-32K of System A’s memory. Thus, the window
permits System A to initiate a transfer from System B’s disk directly
into its own memory on a completely transparent, DMA, basis.

<—|7 INPUT DATA BUFFER }‘\ /f{ INPUT DATA BUFFER }—’-

><

—>-{70UTPUT DATA BUFFER —Ir’ . \‘~‘ OUTPUT DATA BUFFER }'4—

ERROR 5] 5] ERROR
TIMEOUT 4] 4] TIMEOUT
POWER FAILURE 13 13 POWER FAILURE
NEW DATA LOADEDBYB ~ —~—12] [12le—>  NEWDATALOADED BYA
DATA 3FROMB 1] e DATA 3 FROM A
DATA 2 FROM B ~—10] Nol— DATA 2 FROM A
DATA | FROMB -9 o DATA 1 FROM A
ENABLE TRANSFERS FROMB —— 8 | '8 fe—— ENABLE TRANSFERS FROM A
TRANSFERS TOBENABLED ~ ——— 7 | 77— TRANSFERS TO A ENABLED
INTERRUPT ENABLED o] B INTERRUPT ENABLED
DATA 3FORB — 5] 5 fe——o DATA3FOR A
DATA 2 FORB Iy [ S— DATA2FORA
DATA 1 FORB —{3] 3 fe— DATA1FORA
WRITING TO B ENABLED <—Z><_T_———> WRITING TOAENABLED
ENABLE WRITING FROMB ~ ——] | Tle——  ENABLE WRITING FROM A
NEW DATALOADEDFORB =0 | E-—» NEW DATA LOADED FOR A

A PORT B PORT

Control and Data Transfer Between the A Port
and the B Port of a UNIBUS Window

SPECIFICATIONS
Option Designation DA11-F UNIBUS Window
Addressable Registers Seven in each port:
Control and Status
Output Data Buffer
Input Data Buffer
Displacement Address (internal use only)
Relocation Address
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Interrupt Vector

Priority Level
Bus Loading

Bus Latency
DC Power

Installation

UNIBUS Compatibility

DA11-F

Starting Address (maintenance)

Vector Address (maintenance)

Requires one vector assigned to floating vec-
tor field (location 300 and above)

BR7

Each port places a one-unit bus load on its
UNIBUS

300-ns internal address-translation time plus
time of the bus cycle on the target bus.
Draws 5 amperes from 4+ 5 V dc supply
Occupies one system unit and can be in-
stalled in any mounting box that accepts
hex-height modules

Can be used with any PDP-11 Family Pro-
cessor
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BUS REPEATER, DB11-A

DESCRIPTICN

The DB11-A Bus Repeater allqws physical and electrical extension of the
UNIBUS. Each DBI11-A allows a 50-foot extension in bus length, and
will drive 19 extra bus loads. Most PDP-11 options that interface to the
UNIBUS are one bus load.

All UNIBUS signals are carried through from one side to the other by
the DB11-A. Inclusion of a Bus Repeater in a PDP-11 system imposes
no operational changes, and no timing restrictions. The operation is
transparent to programming, and there are no addressable registers.
The bus cycle time is unaffected for devices on the same side of the
Repeater, and increase by only a maximum of 375 nsec for devices on
the opposite sides.

Bus Loading

Each section of the UNIBUS is rated for 20 bus loads and a length of
50 feet. The DB11-A represents 2 bus loads, 1 on the input (CPU) side,
and 1 on the output side. Therefore, the addition of one DB11-A allows
a total of up to 38 devices (excluding the DB11-A), for a net gain of 18
bus loads.

UNIBUS NI
DBH A UNIBUS DBII A UNIBUS
I9 DEVICES l& DEVICES 19 DEVICES
OR OR R
50 FEET 50 FEET 50 FEET

DB11 Bus Repeater

SPECIFICATIONS
Increase in Bus Timing

Master and slave on same side: 0

Master and slave on opposite sides: 375 nsec, max

UNIBUS Interface

Bus loading: 2 bus loads (1 on each side)
Drive capability: 19 bus loads and 50 feet
Mounting: 1 System Unit (SU)

Input current: 32Aat+5V

Environment

Operating temperature: 5°C to 50°C

Relative humidity: 109 to 95%
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PERIPHERAL MOUNTING PANEL, DD11

GENERAL

The DD11 Peripheral Mounting Panel is a pre-wired System Unit de-
signed for mounting up to 4 Small Peripheral Controller (SPC) inter-
faces. It is pre-wired for logic and UNIBUS signals, and for power. The
physical construction of the DD11 is similar to the BB11 Blank Mount-
ing Panel. *

Use of the DD11 requires specialized logic modules for the actual in-
terface, since the pin assignments are fixed for the various control and
data signals. Customers may design interfaces to go into a DD11 by
using modules which have the same pin assignments for the signals.

There are two versions of the DD11, differing in only one functional
aspect. The DD11-B is pre-wired for 2 DF11 interfaces, while the DD11-A
is not.

DIFFERENCES

DD11-A DD11-B
1. Pre-wired area. 4 SPC slots. 4 SPC slots +
2 DF11 slots
2. Use with BA11-ES Must be used. Cannot be used.
‘Mounting Box. (for power
connection
reasons)
3. Power Connections. Module for power Tabs are used
plugs into slot A3. on the wire-
wrap pin side.
4. Pin numbers Interconnected Assigned to
CAl to CV1. between slots UNIBUS signals.
1 &2, also
3&4.
DD11-A

The following figure illustrates module allocation within a DD11-A unit.
Slot A2 must be empty because of power cable overhang; slots B2 and
B3 are unused. The DD11-A is wired to permit the installation of four
M7821 modules in column F, four M105 modules in column E, and four
double-height device interface modules in columns C and D or 4 quad
module Small Peripheral Controllers (SPC’s), which contain the equiv-
alent of the M105 and M7821 plus the device interface logic. The uni-
directional grant lines are wired to column D, and each device interface
module must include jumper arrangements to allow selection of the
device priority level at the time of installation. Only BR<7:4> levels are
wired to this column; devices mounted in a DD11-A unit cannot be
assigned to the NPR priority level without rewiring the panel. An ad-
ditional constraint imposed on the interface is that each device may be
on only one request level, since both interrupts available through one
M7821 module are wired in series and must be at the same priority
level. .

4-68



DD11

If the device requires interface logic that occupies more than one full
row of space in the DD11-A, columns C and D of the second row can
be used by using wiring provided between rows 1 and 2 and rows 3 and
4. If this is done, it is no longer necessary to add another M105 and
‘M7821 module to slots E and F of the second row.

UNIBUS—The UNIBUS enters through slots A1-B1 of the DD11-A. This
connection can be made with either an M920 UNIBUS connector or a
BC11A UNIBUS cable. All bus signals (except grants) are wired directly
to corresponding pins in slots A4-B4. Connection can be made with
either an M920 connector or BC11A cable to continue the UNIBUS to
the next unit. If the DD11-A is the last unit on the bus, an M930 Bus
Terminator must be placed in slots A4-B4.

Power—The G772 Power Connector plugs into slot A3. This connector
distributes +5V power to all A2 pins and —15V power to all B2 pins
except in slots Al, Bl, A4, B4, A2, and A3. Ground is maintained
through the frame and power connector on pins C2 and T1 of all slots.

BUS
our
A 8 C D E F
4 M920 G727°*
3 PWR G727*
2 G727°*
1 M920 DEVICE LOGIC

BUS *USED IF NO DEVICE INTERFACE
IN LOGIC EXISTS:

DD11-A Module Layout

Note that a G727 Grant Continuity module must always be installed in
column D if there is no interface logic in that row. The following figure
shows the wiring assignments that must be adhered to when using the
DD11-A.

Extended Usage—Additional wiring provides 10 signal lines between
slots C1-D1 and C2-D2 as well as between slots C3-D3 and C4-D4. This
permits use of multiple board device controls. Thus, if device logic can
be divided into two sections with 10 or less interconnections between
sections, then one section can be mounted in slots C1-D1 and the other
section in slots C2-D2.

4-69



NOTE

Interconnections can be made only between
rows 1 and 2 or between rows 3 and 4. No con-
nections can be made between 1 and 3, for

example.

DD11

Other sections of divided logic can also be placed into slots E and F

with the interconnections provided by the normal M105 an

module- to-device control signals.

CAUTION

When designing special logic, it is necessary to
prevent interference with bus signals prewired
to the pins of a particular siot.

CA2,DA2 +5VOLTS
CB2,082 -15 VOLTS
C€C2,CT1,0C2,DT1 GROUND

BUS INIT L —q DOL! 02
CE2
— CF CH2
CcK1 CHI
TEST POINTS ™l cJ2
(PINS LEFT DAl CK2
UNWIRED ON 081 2
DD11-A) 1o, v
— OR! cv2
— DS! cP2
(—1 ov N2
r cr2
— CAl cu2
— CB1 CR2
— cl cs2
(0]
be\\‘lEllsCEONNECNONS [«<N]] DF1
(BETWEEN SLOTS cPl 3R]
1-2 AND 3-4) CR1 DE}
— ! DC
L cul oK1
o oD!
DHI
ov1
DNI
BUS BR7 L —— gi’g - oM
BUSBRS L ——G—5—°  T~< i
BUS BRS L ——O—W S~ cL
BUS BR4 | —————° ~o-R2 |
ou2
° Ov2
DK2 DL2
BUS BG7 INH | OK2_ o o2 |
BUS BG6 INH _‘D){%_o_______ ‘”BTT;L‘
BUS BG5S INH _—05—24 o SH
BUS BG4 INH | 0S2 o 02
PRIORITY JUMPERS *

BUS DISL
BUS D14 L
BUS D3 L
BUS D2 L
BUS D1 L
BUS DO L
8US D09 L
BUS DO8 L
BUS DO7 L
BUS DO6 L
BUS DOS L
BUS D04 L
BUS DO3 L
BUS D02 L
BUS DO L
BUS DOO L

SELECTOH
SELECT 2 H
SELECT 4 H
SELECT 6 H
OUT HIGH H
OouT LOW H
INH

SSYN INHIBIT

INTR AH

INTR ENB A H

INTR 8 H

INTR ENB B H

BUS REQUEST

BGIN H
BGOUT H

BG7 OUT H
BG6 OUT H
BGS5 OUT H
BG4 OUT H

© REQUIRED ON MODULE FOR CONNECTED UNUSED GRANTS.
SHOWN(DOTTED LINES) FOR LEVEL 7

Device Control as Wired in the DD11-A
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Grant Continuity—The device control module mounted in slots C1-D1 re-
ceives the bus grant signal from the UNIBUS. As a function of its
interrupt priority level, this device control must switch the grant signal
into its interrupt control (BG IN). After passing through both stages of
the interrupt control, if not the interrupting device, the signal (BG OUT)
must be returned to the grant chain and passed on to the next device
control (mounted in slots C2-D2). In addition, the device control must
maintain the continuity of unused grant signals. The BG OUT signals of
C1-D1 are wired to the BG IN lines of the next device control. This grant
chain must be continued through each device until the BG OUT signals
of the last device control are wired to the outgoing UNIBUS in slots
A4-B4.

Whenever slot D is not used by a device control, a G727 Grant Contin-
uity module must be inserted in this slot. This module provides jumpers
between pins K2 and L2, M2 and N2, P2 and R2, and S2 and T2. Three
G727 modules and one M920 module are provided with the DD11-A unit.

External Device Cables—An edge connector mounted on the device
control module permits connection to external devices. An H807 36-pin
module socket may be mounted on the device control module and an
M927 cable connector or M925 ribbon connector may be used. The
M927 is used for coaxial cables or twisted pairs and is electrically
equivalent to the M904 connector; however, the cable is mounted at
the edge of the module card rather than at the end. The M925 is
similar to M903 and is used for ribbon cable connectors.

DD11-B
The DD11-B can hold:
4 SPC’s plus 2 DF11’s

A B c D E F
UNIBUS
4| CONNECTION SPC
3 DF11 SPC
2 DF11 SPC
UNIBUS
1| CONNECTION SPC
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ACOUSTIC TELEPHONE COUPLER, DFO1-A

FEATURES

¢ Data rates up to 300 Baud

e Acoustic coupling

e TTY and EIA RS232C output

e Half- and full-duplex operation

¢ |ntegral acoustic shielding

e Impact-resistant case

The DFO1-A acoustic coupler can be used to connect DIGITAL and other

terminals to remote computing systems via ordinary telephone sets and
the public switched telephone network.

Both 0-20 milliampere teletype current loop and EIA RS232C interfaces
are standard in the DFO1-A.

Through slide switches, the user may choose either full- or half-duplex
operation.

“Sound-seal”’ cushions on the DFO1-A hold the telephone handset firmly
in position and provide excellent acoustic shielding. Good durability is
provided by an injection-molded case made of special impact-resistant
material. All electronic circuitry, switches and connectors are mounted on
a single printed circuit board.

SPECIFICATIONS

Operating Modes: Originate-only, in half- or full-duplex.

Data Rate: Up to 300 Baud.

Receiver Sensitivity: —35dBM .in acoustic mode.

Frequencies:

Send Receive
Mark 1270 Hz 2225 Hz
Space 1070 Hz 2025 Hz
Frequency Stability: 0.3% 0.4%

Modulation Technique: Audio Frequency—Shift Keyed (AFSK)
Transmit Power Level: —21dBM * 3dBM
Line Coupling: Acoustic coupling to telephone line.

Interface: O to 20 milliampere teletype levels or EIA RS$232C (both avail-
able on the same unit; both outputs can be used simultaneously if
desired). ’

Compatibility:
Used with remote terminals (teleprinter, typewriter, CRT display, plotter,
card reader) to provide information transfer to/from a Bell 103A2 (or
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equivalent) dataset. Cannot be used with 230V, 50 Hz, nor is it com-
patible with European modems.

Power Requirement: 115V, 60 Hz (less than 10W)

Operating Temperature: 32° to 140°F (0° to 60°C)

Size: Width 7.5” (18 cm)
Height 3” (7.6 cm)
Length 12" (30.4 cm)

Weight: 6 Ibs. (2.72 Kg)

Mounting: Tabletop case

Controls and Indicators:

Power ON/OFF
Full-Duplex/Half-Duplex (slide switch)
Carrier ON indicator light

Cables: Supplied with 8 ft. (2.27 m) cable for connection to Model 33
ASR or KSR teletypewriter. '

Ordering Information:
OPTION PREREQ. DESCRIPTION
DFO1-A None Acoustic Telephone Coupler

A cable may be ordered (DEC No. BCO5D-25) to connect the DFO1-A to
EIA terminals already supplied with a cable.

Applications:

The DFO1-A may be used to operate a standard DIGITAL LA30, LA36,
VTO5 or VT50 terminal over the switched network. In the case of the
LT33D and E, connection to the DFO1-A will disable the paper tape
punch/reader. The reader may be enabled by DIGITAL field service per-
sonnel. -
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SERIAL LINE INTERFACE SIGNAL CONDITIONING, DF11

DESCRIPTION

The DF11 furnishes flexible, low-cost electrical and physical signal con-
ditioning between most Digital-supplied serial line interface equipment
and terminals, and commonly used serial communications channels.
DF11 units are used with the following Digital serial line interface equip-
ment: DC11, DP11, DL11, DH11, and LA30.

Most modern digital computers handle data signals as Transistor-
Transistor Logic (TTL) levels. These levels must then be converted to
other voltage levels or current values to prepare them for application to
communications media so that they may be transmitted to a distant
processor or terminal. In addition to the need for level conversion, there
is a requirement to have cables of various lengths equipped with a vari-
ety of specialized fittings for each communications medium serviced.

CONSTRUCTION

A DF11 unit will normally consist of two single-height modules. One
module performs the electrical signal conditioning function of converting
from the TTL signal levels internal to the computer logic to the external
signal discipline required (e.g., EIA RS-232C, 20 mA Teletypes, Bell Sys-
tem CBS or CDT Data Access Arrangements, etc.). The second module
performs the physical interface conditioning required; i.e., furnishes a
cable to connect the level-converted signals produced by the first module
to the desired device or channel (e.g., a dataset). In the case of the
DF11-F 20 mA Teletype Interface, this second module provides a Mate-n-
Lok connector for a customer-furnished cable. In the case of the DF11-A
EIA Interface, the second module provides the 25-conductor cable and
plug to connect the level-converted signals on the back panel wires to
the dataset.

COMPUTER
(TTL LEVELS,
LfARALLEL OPERATION)

|
!

I T

INTERFACE
{(PARALLEL TO
SERIAL OPERATION)

—

OF 1 ‘ DF 1
TTL TO EXTERNAL | CABLE OR COMMUNICATION _\v«._ﬁebehi?sowe
LEVEL CONVERTER 1CONNECTOR CHANNEL

DF11 SIGNAL CONDITIONING
OPTION

—_——
1
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TYPICAL CONFIGURATIONS:

Dataset
Interface
for units
requiring
EIA/RS232C
voltage
levels

Cinch
DB25P
25-pin
Dataset
connector

DF11-A
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_ Integral Modem
converts TTL to
tone signals for
transmission on
voice-grade
lines.

DF11

Cable and

- connector

for connection
to Bell System
data access
arrangement

DF11-B
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_pair or quad
station cable.

: DF11-F
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TTL to Bell System r . 7.6 meter (25 ft.)
301/303 Dataset s — ble with Bell
dnterface. g ¥ Dataset303

o . Wiy __connector

DF11-G
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TTL to active , Female
_or passive , Mate-n-Lok
vire. _ for connection
to2
twisted pair
_or quad
station cable.

DF11-K
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MODELS

DF11-A—EIA ADAPTER

TTL to EIA/CCITT voltage levels. Connects to EIA circuits AA, AB, BA, BB,
CA, CB, CE, CF, SBA, SBB, DA, CD, DB, DD, and C. Twenty-five foot
cable with DB25P 25-pin male Dataset plug. Signaling rates up to 9600
Baud.

DF11-BA—INTEGRAL MODEM

Integral 103-type modem converts TTL to audio frequency shift keyed
tone signals in the Originate-Only mode. Twenty-five foot cable and con-
nector provided for connection with Bell System data access arrange-
ment CDT or to private wireline channels. Signaling rate up to 300 Baud.

DF11-BB—INTERNAL MODEM
As above (DF11-BA) except unit operates in Answer-Only mode, and in-
terfaces to Bell System data access arrangements CBS or CDT.

Note: The DF11-BA and BB may be used without data access arrange-
ments on customer-owned lines, at distances up to 5000 ft.

DF11-F—TELETYPE ADAPTER

TTL to 20 mA active local Teletype loop. Connector is Amp Mate-n-Lok
for connection with customer-supplied 22AWG, 2 twisted pair cable to
local or remote (up to 1500 ft.) Model 33 or 35 Teletype. Signaling rates
to 300 Baud.

DF11-G—303 DATASET ADAPTER

TTL to Bell System 301/303 Dataset Interface, Signal levels, cable con-
nector, and signal pinning compatible with the Bell 301/303 Datasets.
Supplied with 25-foot cable. Signaling rates to 250K Baud.

DF11-K—OPTICAL COUPLER

TTL to active or passive 4-wire current mode (20 mA) loop. Connector is
Amp Mate-n-Lok for connection with customer-supplied cable. Signaling
rates up to 2400 Baud, at distances up to 1500 ft.

Note: The data rates and distances cited above are recommended by
DIGITAL. They are applicable in electrically quiet environments and do
not necessarily represent limiting values.

APPLICATION

The DF11 series is applicable in most DECcomm-11 communications
line interface equipment. The following is a partial list of line interfaces
and mating DF11 signal conditioning options:

DL11* DF11-BA, DF11-BB, DF11-K

DC11 DF11-A, DF11-F, DF11-K

DP11 DF11-A, DF11-G

DH11 DF11-A, DF11-BA, DF11-BB, DF11-F, DF11-K

* Available only when the DL11 is used in a DD11-B system unit, or in the top
small peripheral controller slot of a PDP-11/10.
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Related Options

H312-A

959-A

Null Modem—for connection of DF11-A directly to local
EIA-compatible terminals.

Bag of 8 Male Mate-n-Lok connectors, with pins. For con-
nection of customer-supplied cable with female Mate-n-
Lok connectors supplied with DF11-F and DF11-K options.
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16-LINE PROGRAMMABLE ASYNCHRONOUS
SERIAL LINE MULTIPLEXER, DH11
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Features
e Speed—Each line of the DH11 may run at program-selectable speeds
up to 9600 Bauds.

o Flexibility—complete program control of each line for:
Data Rate—14 standard speeds, plus two external inputs
Character Size—5, 6, 7, or 8 bits
Stop Code Length—1, 1-15, (5-bit data only) or 2 bits
Transmission Mode—full-duplex, half-duplex or echo-plex
Parity generation and checking
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e Program-controlled hardware echo of received characters

e 64-character hardware buffer for received characters

* DMA transmitter for each line, with byte count & address registers in
hardware

e Split speed—transmitter and received of each line may run at different
speeds

e Complete range of DF11 line conditioning interfaces available, includ-
ing DF11-BA and DF11-BB Integral Modems*

e Hardware break detection and program-controlled break generation

e Capacity—up to 256 lines per PDP-11

APPLICATIONS

The excellent price/performance ratio of the DH11 allows it to serve in
many communications applications. These include remote concentrators,
front-end preprocessors, and store and forward message switches. The
DH11 interfaces to a variety of local and remote terminal types.

Line Concentrators

A cluster of remote low-speed data terminals can often be interfaced
more economically to a remote interactive computer via a data concen-
trator than by using a separate line per terminal. Communication line
costs can be reduced by concentrating several low-speed terminals into
a single medium-speed communication line using a data concentrator.
Typically, a data concentrator performs the following functions:

Character-to-message assembly/dlsassembly
Communication line control

Message buffering

Error control

Code conversion

Automatic answering

Front-End Processors

Front ends handle routine tasks for large central computers, such as
message input-output to remote terminals and local and remote periph-
erals. They perform most of the functions of line concentrators, but are
connected directly to the host processor.

Store-and-Forward Message Switches

This type of system has a number of data terminals connected locally or
via communications lines to a central computer. Any terminal can origin-
ate a message and transmit it to the central computer. Here the mes-
sage is stored until it can be forwarded to the destination terminal.
Typical functions performed by a store-and-forward message switch are:

Assembly/disassembly of messages
Polling and addressing of terminals
Line control

Error control

Code and speed conversion
Message header analysis

* Except for DH11-AD and DH11-AE
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Sequence number of messages
Time and date stamping of messages
Message routing

DESCRIPTION

The DH11 multiplexer connects the PDP-11 with 16 asynchronous serial
communications lines operating with individually programmable param-
eters. These parameters are:

Character length: 5, 6, 7, or 8 bits
Number of stop bits: 1 or 2 for 6-, 7-, 8-bit characters
1 or 1.5 for 5-bit characters
Parity generation and detection: Odd, Even, or None
Operating mode: Half Duplex or Full Duplex
Transmitter speed (Baud): 0, 50, 75, 110, 134.5, 150, 200,

300, 600, 1200, 1800, 2400, 4800,
9600, Ext A, Ext B. :

Receiver speed (Baud): 0, 50, 75, 110, 134.5, 150, 200,
300, 600, 1200, 1800, 2400, 4800,
9600, Ext A, Ext B.

Breaks may be detected and generated on each line.

The DH11 Multiplexer uses 16 double-buffered MOS/LSI receivers to
assemble the incoming characters. An automatic scanner takes each re-
ceived character and the line number and deposits that information in
a “first-in, first-out buffer memory referred to as the ‘‘silo.” The bottom
of the silo is a register which is addressable from the UNIBUS.

The transmitter in the DH11 also uses double-buffered MOS/LSI units.
They are loaded directly from message tables in the PDP-11 memory by
means of single cycle direct memory transfers (NPR). The current ad-
dresses and data byte counts for each line’s message table are stored
in semi-conductor memories located in the DH11l. This reduces the
UNIBUS time required for NPR transfers to one NPR cycle per character
transmitted.

As many as 16 DH1l's may be placed on a single PDP-11 processor,
creating a total capacity of 256 lines.

Models Available
The DH11 Multiplexer is available in five variations:

The DH11-AA consists of a double system unit, all modules necessary to
implement a 16 line asynchronous multiplexer, an externally mounted
14 cm (514 inch) level conversion and distribution panel with its own
power supply that can be mounted on the rear of the rack, and a data
cable between the logic in the double system unit and the level conver-
sion/distribution panel.
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The modules for level conversion are not included, so that the type and
quantity of lines may be customized to the customer’s requirements.

The DH11-AB is the same as the DH11-AA, but does not include the
level conversion/distribution panel or its associated power supply. A data
cable suitable for connecting the DH11-AB to the DCOS8CS telegraph con-
verter panel is supplied instead of a cable to a distribution panel.

The DH11-AC is the same as the DH11-AA, except that the power supply
for the level conversion/distribution panel is arranged for 240 V, 50 Hz
operation. (There is no need for a 50 Hz version of the DH11-AB because
it is a processor-powered option).

All of the above versions of the DH11 include pre-wired slots in the dou-
ble system unit for the insertion of the DM11-BB modem control (not in-
cluded in the basic DH11).

The DH11-AD consists of a double system unit, all modules necessary to
implement a 16-line asynchronous multiplexer, including modem control
(programming is same as DM11-BB programming), necessary level con-
verters for EIA RS232-C interfacing and an externally mounted DJ11 dis-
tribution panel. This is a self-contained unit for applications where line
interfacing flexibility is not needed.

The DH11-AE is the same as the DH11-AD except it does not include
modem control. Includes EIA level conversion for data leads only.

Operation-Receiver :

Reception on each line is effected by means of Universal Asynchronous
Receiver/ Transmitters (UARTs). These are 40-pin MOS/LSI circuits which
perform all the necessary functions for double buffered asynchronous
character assembly.

The receiver section of the UART samples the line at 16 times the bit
rate of the signals to be received on that line. Upon detection of a Mark-
to-Space transition, the UART counts 8 clock pulses and checks the line.
This sampling will occur in the center of a normal start bit. If the sample
is a Mark, the receiver returns to its idling state, ready to detect another
Mark-to-Space transition. If the sample is a Space, the receiver samples
the line at subsequent sample points spaced 16 clock ticks from the
center of the start bit. The number of samples taken is determined by

the ‘‘character length” information entered into the UART via the Line
Parameter Register. If parity checking has been enabled for this line, the
receiver logic computes the parity of the character just received and

" compares it with the parity sense specified for reception on that line. If
the parity sense differs, the parity error bit will be set.

The character length, parity sense, number of stop bits, etc. that will be
used by the UART to perform the above operations are stored within
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each UART in a Control Bits Holding Register. The Control Bits Holding
Registers are addressable on a write-only basis from the UNIBUS, by first
setting the “line selection bits’’ of the System Control Register and then
loading the desired line parameters into the Line Parameter Register.
Then they will automatically be transferred to the Control Bits Holding
Register of the designated UART. It is important that no interrupt han-
dling routine intervene and change the contents of the System Control
Register during the above operation.

The Silo

The silo is a MOS/LSI digital storage buffer that is 16 bits wide and 64
words deep. A 16-bit word is entered at the top, and automatically
shifted down to the lowest location that does not already contain an
entry. The bottom of the silo is the Next Received Character Register.

There are three registers associated with the silo. The Next Received
Character Register is a read-once register and is the bottom of the silo.
Reading it extracts a character from the silo and causes all other entries
to shift down one more position.

The other two registers are byte-size registers and are contained within
the Silo Status Register. The high byte is read only and contains the
status of an up-down counter giving the actual fill level of the silo. The
low byte (bits 7-0) is read/write, and contains the number of characters
which must be loaded into the silo before an interrupt request will be
generated. Details of these registers can be found in the Section on Pro-
gramming under the heading “Silo.”

Received Character Distortion

Received characters may contain up to 43.759%, distortion on any bit,
due to the sampling rate. However, the overall bit rate must be accurate.
Specifically, errors in bit rate are cumulative such that when the receiver
samples the first stop bit to see if it is a mark (if not, it's a ‘‘framing
error’’) the error accumulated by that time must not exceed 43.759%, of
a bit time. The accumulated error (called ‘‘gross start-stop distortion™)
is calculated as clock error x number of data bits plus one, plus the bias
distortion of the final character. Assuming the reception of eight data
bits, or seven data bits plus parity, 4.8% speed distortion would be per-
missible. Speed distortion (clock error, bit rate error) of any amount
poses severe problems in an echo situation, however. If a terminal sends
to the DH11 at a slightly fast rate and the DH11 sends the exact same
characters back to the terminal ‘at the correct rate, the DH11 silo will
eventually fill with un-echoed characters. This problem would not occur
with keyboard terminals, but high speed tape senders should have their
transmission speeds carefully checked before use with the DH11 or any
other asynchronous communications interface. The acceptable tolerance
is + 0, — 4%. In computing speeds, one may assume the DH11 receiver
clock to be accurate within .05%.
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Operation-Transmitter

Transmission on each line is also effected by means of UARTs. These
40-pin MOS/LSI chips perform all the necessary functions for double-
buffered asynchronous character transmission. The transmitter section
of the UART holds the serial output line at a Marking state when idle.
When the transmitter loading leads have been conditioned with the char-
acter to be transmitted and the data strobe lead has been brought high
(these functions are performed by the NPR control), the UART will gen-
erate a start space within one sixteenth of a bit time. The start space
and all subsequent data bits are a full bit time each. The start space is
followed by 5, 6, 7, or 8 data bits, as determined by the control bits
holding register. (See Receiver Hardware for a description of the UART
control bits holding registers and how they are loaded from the Line
Parameter Register). The data bits are presented to the lines least sig-
nificant bit first. The parity bit, if parity generation is enabled, is calcu-
lated by the transmitter and affixed after-the last data bit, but before the
stop marks.

The number of stop bits depends upon the setting of the control word.
If the transmission of 6, 7, or 8 bits has been selected, the program may
select either one or two stop bits. If the transmission is in 5-bit code, the
program may select either one or one and a half stop bits.

If the transmitter's holding register has been loaded while a character
was being transmitted, that second character will have its start bit com-
mence immediately at the end of the preceding character’s stop bit(s).

The transmitter timing circuit is driven by the same crystal clock as the
receiver, and is accurate to .059,.

The Auto-Echo Feature

The DH11 hardware is capable of echoing received characters without
software intervention. The feature may be enabled on any line by condi-
tioning the line selection bits in the System Control Register and then
setting the appropriate bits in the Line Parameter Register.

The auto-echo hardware is part of the receiver scanner and operates as
follows:

1) If the receiver scanner finds a received character for a line on which
auto-echo is NOT enabled, it loads that character into the silo and
resumes scanning.

2) If the receiver scanner finds a received character for a line on which
auto-echo IS enabled, it examines the error flags associated with that
character.

a) If a framing error is detected, the remote terminal may be trying
to gain the attention of the processor by sending a ‘‘Break.” In
this case, the auto-echo hardware dumps the received character
and associated flag into the silo so that the system software will
be alerted. The Break is not echoed to the remote terminal.
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b) If an overrun error is detected, this may mean that the remote
terminal is trying to gain the attention of the processor by typing
characters. This case is treated identically to 2a, above.

3) If the receiver scanner finds a received character from a line upon
which auto-echo is enabled and there are no error flags of the type
mentioned above, the receiver scanner and auto-echo logic will at-
tempt to echo the character. First, however, certain tests of internal
logic conditions will be made.

a) The UART transmitters are all loaded from a common internal
data bus. Therefore, the auto-echo hardware must first check to
see that no NPR cycles are in progress loading a UART transmitter
from that bus. If a conflict is indicated, the receiver scanner is
restarted and the process will be tried again on the scanner’s next
rotation.

b) If the above test indicates no problem, the one remaining check
is to see if the Transmitter Holding Register for the line on which
the character was received is available. If it is not, the scanner is
restarted. If it is available, auto-echo commences.

It should be noted that it is not advisable to transmit messages on a
line and auto-echo characters received on that line simultaneously. The
auto-echo hardware will interlock these functions to some degree, but if
more than two characters are received on a line while the scanner is
waiting for the transmitter holding buffer to become available, a data
overrun will occur and characters will be lost. In short, auto-echo and
software-driven transmission should not be attempted on the same line
simultaneously if input from that line is expected.

SILO INTERRUPT HANDLING

The DH11 provides increased received character throughput by averaging
the received character interrupt routine entry/exit time over a number
of received characters. If it takes 30 microseconds to enter and exit an
interrupt routine and 30 microseconds to process a character, the aver-
age time per character in a conventional character interrupt device would
be 60 microseconds. If it takes 30 microseconds to enter and exit an in-
terrupt routine and 960 microseconds to process 32 characters in a silo,
the average time per character in a DH11 would be 31 microseconds or
roughly half that of a conventional device.

The above example of increased throughput suggests that the DH11 re-
ceived character silo alarm level be set at 32. Certain cautions should be
observed in doing this in an interactive system, however. Specifically, a
real time clock should be used to insure that terminal users receive a
response within a guaranteed maximum time interval. The operating
program would service the silo whenever the alarm occurred or the clock
ticked, whichever came first.

Alternately, the alarm level can be set at zero and still obtain many of
the advantages of silo operation. Obviously, the silo permits a high de-
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gree of latency by storing received characters whenever the operating
program is unable to service the silo due to demands of other devices.
Furthermore, when the operating program does service the silo there
will be a great many characters stored there and the interrupt averaging
effect described earlier will be used to full advantage. Thus the silo helps
throughput the most in those situations when the most help is needed.

DMA Transmission

In a DMA transfer system, a computer peripheral, such as the DH11, ob-
tains data from (or deposits data in) computer memory without the aid
of the computer processor. This process is commonly called Direct Mem-
ory Access (DMA), although in the case of a PDP-11, it is referred to as
a Non-Processor Request (NPR).

All that is required from a programming standpoint to perform NPR's is
. an indication of which memory location is desired, whether one wishes
to read from that location or write into it, and to how many consecutive
memory locations one wishes access.

For example, if one wished to transmit the letters A, B, C from com-
puter memory to some distant location, one would prepare a message
table in memory:

00 000 000 11 000 011 (Location 5002)
11 000 010 11 000 001 (Location 5000)

In this example, a sixteen bit PDP-11 word is shown containing two eight
bit “‘bytes’’. The byte at location 5000 is the ASCII code for “‘A’’. The byte
at location 5001 is the ASCII code for “B’’. (Note that the odd numbered
locations are the left hand byte of the even numbered locations.) Finally,
the byte at location 5002 is an ASCIlI ““C". The all-zeroes byte at loca-
tion 5003 is not to be sent.

In the DH11 or a similar device, one would load the transmitter ‘‘current
address’’ register for the appropriate line with ““5000” and the trans-
mitted “‘byte count’’ register with ““—3’’. Then one should set the BAR bit
for the line on which transmission is to occur. The DH11 hardware would
gain control of the Unibus, read the 11 000 001 from location 5000,
transmit the ‘A", increment the current address to 5001, increment the
byte count to -2, wait for the ‘A’ to finish going out onto the line and
then repeat this process. The process would continue until the byte
count was incremented to ‘‘zero’” and would then stop. It is because
‘“zero’ is an easy number for computer hardware to recognize that byte
counts are usually loaded as negative quantities by the program and up-
counted to zero by the hardware.

In the DH11, any memory location, including those with extended ad-
dresses may be used and message tables can cross extended address
boundaries if desired. Any message length up to 32,768 bytes may be
transmitted.
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Since no processor action is required for each character transferred by
the NPR cycles, a very high data transfer rate is possible if message
lengths are long enough to make the program time necessary to load the
current address and byte count small relative to the number of char-
—acters transmitted.

Modem Control Multiplexer DM11-BB

In cases where the DH11 is used in public switched networks such as
DDD, or TWX, the modem control multiplexer DM11-BB should be used.
The control multiplexer provides the necessary control leads to interface
with the Bell 103 and 202 type modems or equivalent. All leads meet
EIA RS-232-C and CCITT electrical specifications. The DM11-BB is not
required with the DH11-AD and cannot be used with the DH11-AE.

Channel Interfaces
Multiplexer Distribution Panel and Power Supply for DH11-AA, AC.

The DH11 provides a panel for level conversion and cabling of the in-
dividual lines. The panel uses a standard H911 style rack, with 6 con-
nector blocks.

Note that the slot assignments follow the DF11 (standard level conver-
sion and cable slot for all PDP-11 communications products) format. Slot
A6 through A21 is used for level conversion and slot B6 through B21 is
used for cabling out. Other slots provide inputs or special purpose out-
puts. The unit mounts on the standard 48.3 cm (19 in.) cabinet and con-
nects to the PDP-11 via the BCO8-S data cable.

Power for the distribution panel is provided by the H751-C power sup-
ply mounted on the rear door of the cabinet.

The H751-C provides the following voltages:

+5Vat4A
+15Vat2A
—15Vat2A
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Power drain of the distribution panel depends on the type of level con-
version used. The maximum draw occurs when EIA levels are used with
. modem control (DM11-BB is implemented).

For this configuration the following power is used:

+15Vatl4A
—15Vat14A
+5Vatl.7A

Note that level converter types can be mixed on a 4-line basis by using
different converters in slots A4, A5, B4 and B5. Also level converter types
can be mixed on a single line basis by using slots A6 through A21 for
level conversion on a single-line basis.

Programming
Double-Buffered Receivers—General

Double-buffered receivers contain two registers, one of which is a Shift
Register. The character being received from the communications line is
shifted into this register a bit at a time. The second register is a Holding
Register. When the Shift Register has assembled a complete character,
that character is transferred in a parallel fashion into the Holding Regis-
ter. At that time a flag is set and the hardware or software using the
double-buffered receiver can access the Holding Register and remove or
copy the data stored there. When th Shift Register has assembled an-
other character, that character will be transferred into the Holding Regis-
ter, obliterating the character previously stored there. If this action takes
place before the data in the Holding Register has been accessed, a Data
Overrun flag will be set, indicating that data was lost.

Double-Buffered Receivers—DH11

The UARTs used in the DH11 are MOS/LSI units, each containing a
double-buffered receiver and a double-buffered transmitter. In the DH11,
the flags indicating presence of data in the receiver’'s Holding Registers
are scanned by a automatic hardware scanner which copies data from
the Holding Registers into the silo if storage space is available. (If that
space is not available, and the scanner finds a flag indicating a holding
register with data in it, the Storage Overflow bit (System Control Regis-
ter, bit 14) is set, and an interrupt is generated. The setting of this bit
does not necessarily mean that data has been lost. Rather, it indicates
that data will be lost if the hardware scanner is unable to service (i.e.
dump into the silo) the data in one or more Holding Registers before
additional characters arrive on those lines. Actual data loss will become
evident to the program when characters a