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PREFACE

This guide is meant to familiarize you with the purpose and uses of the KDF11-BA Central Processor
Unit (CPU) module. Included are explanations of the features, options, capabilities, and technical char-
acteristics of the module, as well as general reference data. Specifically, this guide presents:

Information needed to configure, install, and operate the CPU module in a computer system.

An explanation of the module’s configuration requirements and a definition of the factory
configuration.

The module’s hardware and software operating features.
A functional description of the module’s major logic elements (using block diagrams).

General reference information and the differences between the KDF11-BA CPU module and
previous LSI-11 CPU modules (Appendices A through F).
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CHAPTER 1
SPECIFICATIONS

1.1 INTRODUCTION

The KDF11-BA is a quad-height PDP-11 CPU module (M8189). This module contains a central pro-
cessor, memory management unit (MMU), a line frequency clock, a BDV11-compatible bootstrap and
diagnostic ROM, and two serial-line units. Three extra 40-pin sockets are provided for optional floating-

point and commercial instruction sets. The central processor and memory management units are func-
tionally compatible with the KDF11-AA CPU and MMU.

The KDF11-BA CPU supports up to 256K bytes of memory on a traditional LSI-11 bus backplane (18
address bits) or up to 4 megabytes of memory when the module is installed in an extended LSI-11 bus
backplane (H9276 or H9275). The extended LSI-11 bus backplane adds four address lines to the LSI-
11 bus to provide a 22-bit addressing capability when the KDF11-BA is used with the MSV11-P
(M8067) memory module. The extended LSI-11 bus will be referred to throughout this manual as the

LSI-11 bus except in those cases where a distinction must be made between it and the traditional LSI-
11 bus.

The central processor uses the LSI-11 bus or extended LSI-11 bus with 4-level interrupt bus protocol.
The KDF11-BA is compatible with existing LSI-11 processors and peripheral devices.

The LSI-11 bus is built based on LSI-technology requirements consistent with low-cost, high-perform-
ance and small-board-form factors. Low cost and high performance are realized, in part, through use of
multifunction lines such as the data/address lines (DALs), which reduce the number of pins to the bus.
Other lines, such as the I/O page address decode line, eliminate hardware by removing the need for
identical page decoders on each interface module. A detailed description of the extended LSI-11 bus is
contained in Chapter 4.

The KDF11-BA is software-compatible with the PDP-11 family. A wide range of software is available,
including programming languages, diagnostic software, and operating systems. Note, however, that not
all PDP-11 family software uses the extended addressing capability (22 bits) of the KDF11-BA.

1.2 FEATURES
The KDF11-BA CPU module (M8189) has the following features.

KDF11-AA-Compatible CPU

Instruction set with over 400 instructions
4-level vectored interrupts

16-bit word or 8-bit byte addressable locations
Multiple general-purpose registers

Stack processing

Direct memory access (DMA)

Power-fail /autorestart hardware

18-bit ODT console emulator
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KDF11-AA-Compatible Memory Management

e 18- or 22-bit address
e Kernel and user modes only (no supervisor mode)
e I-space only (no D-space)

Optional Floating-Point Instruction Set

Optional Commercial Instruction Set

On-Board Peripherals

Line frequency clock
BDV1l1-compatible boot and diagnostic
Console serial-line unit

Second serial-line unit

Extended LSI-11 Bus Interface (AB Rows)

1.3 SPECIFICATIONS

Identification
Size
Dimensions

Power Consumption

AC Bus Loads
DC Bus Loads
Environmental

Storage

Operating

Instruction Timing

M8189

Quad

26.6 cm X 22.8 cm (10.5 in X 8.9 in)

+5V + 5% at 6.4 A (maximum), 4.5 A (typical)
+12V *+ 5% at 0.7 A (maximum), 0.3 A (typical)
2 unit loads

1 unit load

—40° C to 65° C (—40° F to 150° F) 10% to 90% relative humidity,
noncondensing

5° C to 60° C (41° F to 140° F) 10% to 90% relative humidity, non-
condensing

Maximum outlet temperature rise of 5° C (9° F) above 60° C (140° F)

Derate maximum temperature by 1° C (1.8° F) for each 305 m (1000 ft)
above 2440 m (8000 ft).

Based on 75 ns intervals
(See Appendix B.)

1-2



Interrupt Latency 5.7 us
12.600 us, maximum (except EIS)
54.225 us, maximum (including EIS)

Interrupt Service 8.625 us (memory management off)
9.750 us (memory management on)

DMA Latency 1.35 us, maximum

NOTE
Interrupt and DMA latencies assume a KDF11-BA

with Memory Management Enabled and using
MSV11-P memory.

1.4 PROCESSOR HARDWARE

The KDF11-BA processor is implemented using three chips. Two MOS/LSI chips, data and control on
a single hybrid package, implement the basic processor. The memory management unit (MMU), the
third chip, provides a PDP-11/34 software-compatible memory management scheme.

The data chip (DC302) performs all arithmetic and logical functions, handles data and address trans-
fers with the external world, and coordinates most interchip communication. The control chip (DC303)
does microprogram sequencing for PDP-11 instruction decoding and contains the control store ROM.
The data and control chips are contained in one 40-pin package. The MMU chip (DC304) contains the
registers for 18-bit or 22-bit memory addressing and also includes the FP11 floating-point registers and
accumulators. Optional floating-point requires the MMU chip. Data and control chips do not need the
MMU chip for 16-bit addressing.

1.4.1 General-Purpose Registers

The data chip contains nine 16-bit general-purpose registers that provide for a variety of functions.
Note, however, that only eight of these registers may be used at any given time. These registers can
serve as accumulators, index registers, autoincrement registers, autodecrement registers, or as stack
pointers for temporary storage of data. Arithmetic operations can be from one general register to anoth-
er, from one memory location or device register to another, between memory locations, or between a
device register and a general register. Figure 1-1 identifies the general registers RO through R7.

GENERAL o
REGISTERS
R1
R2
R3
R4
RS
KERNEL USER
[ R6 s [ R6 ] (spy
STACK POINTER STACK POINTER
R7 | K&
PROGRAM COUNTER

MR-2635

Figure 1-1 General-Purpose Registers



Registers R6 and R7 are dedicated. The KDF11-BA contains two R6 registers which are selected by
the processor status word (PS) so that only one is accessible at any given time. R6 serves as the stack
pointer (SP) and contains the location (address) of the last entry in the stack. Register R7 serves as the
processor’s program counter (PC) and contains the address of the next instruction to be executed. Reg-
ister R7 is normally used for addressing purposes only and not as an accumulator. Register operations
are internal to the processor and do not require bus cycles (except for instruction fetch); all memory
and peripheral device data transfers do require bus cycles, however, and longer execution time. Thus,
general registers used for processor operations result in faster execution times.

1.4.2 Bus Cycles
The bus cycles (with respect to the processor) are as follows.

DATI Data word transfer input Equivalent to read operation
DATO Data word transfer output Equivalent to write word
operation
DATOB Data word transfer output Equivalent to write byte
operation
DATIO Data word transfer input Equivalent to read/modify/
followed by word transfer write word operation
output
DATIOB Data word transfer input Equivalent to read/modify/
followed by byte transfer write byte operation
output

Every processor instruction requires one or more bus cycles. The first operation required is a DATI,
which fetches an instruction from the location addressed by the program counter (R7). If no more oper-
ands are referenced in memory or in an I/O device, no additional bus cycles are required for instruction
execution. If memory or a device is referenced, however, one or more additional bus cycles is required.
DMA operations may occur between individual bus cycles, since these operations do not change the
state of the processor.

Note the distinction between interrupts and DMA operations: interrupts, which may change the state of
the processor, can occur only between processor instructions, while a DMA operation can occur be-
tween bus cycles. For more details on bus operations refer to Chapter 4.

1.4.3 Addressing Memory and Peripherals

The KDF11-BA processor uses 16-bit data paths throughout. These data paths are also used to con-
struct operand and instruction addresses. Octal notation is used to describe information on the data
paths.

A processor word is divided into a high byte and a low byte as shown in Figure 1-2. Word addresses are
always even-numbered. Byte addresses can be either even- or odd-numbered. Low bytes are stored at
even-numbered memory locations, high bytes at odd-numbered memory locations. Thus, it is convenient
to view the memory as shown in Figure 1-3.
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16 08 07 00

HIGH BYTE LOWBYTE
1 1 1 1 : i 1 1 1 1 A L 1 1

MR.3636

Figure 1-2 High and Low Bytes of a Processor Word

16-81T WORD
BYTE BYTE 8-BITBYTE
HIGH LOW 000000 LOW 000000
HIGH LOW 000002 HIGH 000001
HIGH LOW 000004 LOW 000002
HIGH 000003
LOW 000004
P~ NS
b~ R PN e
/_\/'ﬁM
HIGH LOW 07772 . HIGH 017775
HIGH LOW 017774 LOW 017776
HIGH Low 017776 HIGH 017777
WORD ORGANIZATION BYTE ORGANIZATION

MR.3637

Figure 1-3 Word and Byte Addresses for First 4K Words of Memory

The full 16-bit data path allows a program to specify operand addresses (i.e., virtual addresses) any-
where within a 64K-byte range or 32K-word range. This virtual address range is fixed by the instruction
format and cannot be changed by the user.

For applications that require more than 32K words of physical addresses, such as multiprogramming
and/or timesharing applications, six additional addressing bits are available. These bits allow up to 2
megawords of memory to be physically addressed by the processor. This additional addressing capabili-
ty is part of the standard memory management within the KDF11-BA architecture.

1.4.4 Memory Management
The memory management has the following three major features.

1. Two software modes that are useful for multiuser (timesharing) systems.

2. Extended memory addressing (greater than 32K words, up to 2 megawords) to allow more
than one program to reside in memory at the same time.

3.  Memory protection for controlling user program access to system resources (e.g., memory,
I/0).

The first feature provides a kernel and user mode to allow efficient segmentation of memory for multi-
user environments. Kernel mode is employed by the operating system to control system resources and
allows full privileges of the entire system. The user mode is employed for executing a user program and
restricts processor privileges. In user mode, the processor is inhibited from executing certain instruc-
tions (e.g., the HALT instruction cannot be executed).

1-5



The second feature provides a full 22-bit memory addressing capability. Mapping registers are used to
map (relocate) the 32K-word virtual address space anywhere in the 2 megaword physical address space.

The third feature allows restricted access to virtual memory pages (a page is defined as 4K words long).
This permits the operating system software rather than the user program to control system resources in
a multiprogramming environment. This feature ensures that no user operating in user mode can cause a
failure of the entire system. Chapter 8 contains a complete discussion of memory management.

1.4.5 Processor Status Word (PS)

The processor status word (PS) is in the data chip and contains information on the current status of the
processor. As shown in Figure 1-4, this includes: the condition codes describing the arithmetic or logical
results of the last instruction, a trace bit that forces a trap at the end of instruction execution (used
during program debug), the current processor priority, an indicator of the previous memory manage-
ment mode, and an indicator of the current memory management mode. The processor status word is
located at physical address 17777776.

15 14 13 12 1N 03 08 07 05 04 03 02 O 00
PRIORTY
CM PM SI LEVEL T N z \ C
] 1 1 1 ] ‘
— [ [
RESERVED TRACE -J ﬁ
PREVIOUS MEMORY NEGATIVE
MANAGEMENT MODE ZERO
CURRENT MEMORY OVERFLOW
MANAGEMENT MODE CARRY
SUSPENDED
INSTRUCTION

MA.3638

Figure 1-4 Processor Status Word (PS) Format

1.4.5.1 Condition Codes (PS bits <<3:0>) - The condition codes contain information on the result of
the last CPU operation. The bits are set after execution of all arithmetic or logical single-operand or
double-operand instructions. The bits are set as follows.
N = 1 if the result was negative.
= 1 if the result was 0.

z
V =1 if the operation resulted in an arithmetic overflow.
C

= 1 if the operation resulted in a carry from the MSB (most significant bit) or a 1 was shifted
from the MSB or LSB (least significant bit).

1.4.5.2 Trace Bit (PS bit <<4>) — The trace bit is used in debugging programs since it allows instruc-
tions to be single-stepped.

1.4.5.3 Priority Level (PS bits <7:5>) - These bits are used by the software to determine which
interrupts will be processed.



Octal Value of PS<7:5> Interrupt Level Acknowledged*
7 None

6 7,

5 7,6,

4 7,6, 5,

3 7,6,5,4

2 7,6,5,4

1 7,6,5, 4

0 7,6,5,4

*Higher levels acknowledged first.

1.4.5.4 Suspended Instruction (SI) (PS bit <<8>) — This bit is reserved for use by DIGITAL and is
intended for options such as the commercial instruction set (CIS). This bit is read/write and has no
protection mechanism. Refer to Paragraph 8.5.3.2 for more details.

1.4.5.5 Previous Mode (PS bits <<13:12>) - These bits are used with memory management to in-
dicate the last memory management mode. They are read/write bits and are present even without the
memory management option,

1.45.6 Current Mode (PS bits <<15:14>>) - These bits indicate the present memory management
mode. They are read/write and are present even without the memory management option.

1.5 INSTRUCTION SET

The KDF11-BA instruction set provides over 400 powerful instructions. As a comparison with other
instruction sets, consider that most other (for example, accumulator-oriented) 16-bit processors require
three separate instructions to execute a common double-operand instruction (e.g., ADD). The following
is the conventional approach to a simple operation.

LDA A Load contents of memory location A into accumulator.
ADD B Add contents of memory location B to accumulator.
STA B Store result at location B.

By contrast, the KDF11-BA can fetch both operands, execute, and store the result in one instruction.
ADD A, B Add contents of location A to location B; store result at location B.

This greater efficiency not only saves memory space and time, but also improves processor speed since
fewer instruction fetches are required.

Another major advantage of the KDFI1-BA instruction set is the absence of special-purpose in-
put/output instructions. Special I/O instructions are unnecessary since peripheral device registers are
accessed in the same way as main memory locations. This approach to handling 1/O devices allows the
normal instruction set to be used to test and/or manipulate the various 1/O device register bits. For
example, a COMPARE instruction can test status bits directly in the 1/O device register without bring-
ing them into memory or disturbing any of the general registers; control bits can be set, cleared, or
shifted as is most convenient; and peripheral data can be arithmetically or logically altered when re-
ceived at the device register and before being stored in memory. Refer to Chapter 7 for a complete
description of the instruction set and its utilization.
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Addressing Modes - Much of the flexibility of the KDF11-BA is derived from its wide range of address-
ing capabilities. Addressing modes include sequential forward or backward addressing, address in-
dexing, indirect addressing, absolute 16-bit word and 8-bit byte addressing, and stack addressing. Vari-
able-length instruction formatting allows a minimum number of words to be used for each addressing
mode. The result is efficient use of program storage space. For more details on addressing modes refer
to Chapter 6.

1.6 FLOATING-POINT OPTION

Forty-six floating-point instructions are available as a microcode option (KEF1 1-AA) on the KDF11-
BA processor. These instructions supplement the integer arithmetic instructions (e.g., MUL, DIV, etc.)
in the basic instruction set. The floating-point option allows floating-point operations to be executed
faster than equivalent software routines and provides for both single-precision (32-bit) and double-preci-
sion (64-bit) operands. This option also conserves memory space, since floating-point routines are exe-
cuted in microcode instead of software. This option implements the same floating-point instruction set
found on the PDP-11/34, PDP-11/60, and PDP-11/70. For a complete description refer to Chapter 9.

1.7 COMMERCIAL INSTRUCTION SET OPTION

The commercial instruction set (CIS) is a microcode option (KEF11-BB) that adds character string
instructions to the basic PDP-11 instruction set. The character string operations conveniently imple-
ment most of the common, as well as time consuming functions that are encountered in commercial
data and text processing applications. The microcode option is completely compatible with the standard
PDP-11 commercial instruction set. The CIS microcode resides in six MOS/LSI chips mounted on a
single double-width 40-pin carrier.

1.8 MEMORIES AND PERIPHERALS

Digital Equipment Corporation provides a wide range of memories and peripherals to allow maximum
flexibility in configuring systems. A detailed list and descriptions can be found in the Microcomputer
and Memories Handbook and the Microcomputer Interfaces Handbook.

1.9 RELATED DOCUMENTS
Table 1-1 lists documents containing additional information of possible interest to KDF11-BA processor
users.

Table 1-1 Related Documentation

Title Document Number
Microcomputer Interfaces Handbook EB-20175-20/80
Microcomputer and Memories Handbook EB-18451-20/80
PDP-11 Processor Handbook EB-09402-20/81
PDP-11 Software Handbook EB-08687-20/80
PDP-11/23B Mounting Box Technical Manual EK-1123B-TM-001
PDP-11/23B User’s Guide EK-1123B-UG-001
KDF11-B Field Maintenance Print Set MP-01236

These documents can be ordered from:

Digital Equipment Corporation
Printing and Circulation Services
444 Whitney Street

Northboro, MA 01532

Attention:  Communications Services (NR2/M15)
Customer Services Section

1-8



CHAPTER 2
INSTALLATION

2.1 INTRODUCTION

This chapter discusses the basic considerations and requirements for configuring and installing the
KDF11-BA processor in LSI-11 systems using an extended LSI-11 bus backplane as well as existing
LSI-11 systems using one of the LSI-11 bus backplanes. The items that must be considered fall into
four basic categories.

1. Configuration of jumpers and switches for operation of user-selectable features.
2. Selection of an LSI-11 bus-compatible backplane and mounting box.
3. Selection of LSI-11 bus-compatible options and accessories.

4. Knowledge of system differences if replacing an LSI-11, LSI-11/2 or LSI-11/23 (KDF11-
AA) processor with an LSI-11/23B (KDF11-BA) processor.

See Paragraph 1.9 for information on ordering documents referred to in this chapter.

2.2 JUMPER AND SWITCH CONFIGURATION

The KDF11-BA contains two DIP (dual in-line package) switch units (E102 and E114) and a number
of jumpers that allow the user to select the module features desired. The location of the switch units
and jumpers is shown in Figure 2-1. The boot/diagnostic switch unit (E102) consists of eight switches
that let the user select boot and diagnostic programs. The second switch unit (E114) selects the baud
rate for the console SLU (serial-line unit) and the second SLU. The module contains both wirewrap
jumper stakes and soldered-in jumpers. The jumpers are divided into the following functional groups.

Test jumpers

CPU (central processor unit) option jumpers
Device selection jumpers

Boot and diagnostic ROM jumpers

SLU character format jumpers
Internal/external SLU clock jumpers

Bus grant continuity jumpers

Nk W=

2.2.1 Test Jumpers _
The test jumpers described in the following paragraphs are used for tests performed by manufacturing
and field service.
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2.2.1.1 Manufacturing Test Jumpers — Three wirewrap jumpers are provided for manufacturing tests.
The jumpers are removed while the tests are performed and must be installed for no<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>