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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 requircments 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).






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 MSVI11-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)

Dastreas Fatllavitnroctmnwt Mo wdirro eom
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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
BDV11-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

Mg189

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.)
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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.

e T
R1
R2
R3
R4
R5
KERNEL USER
l R6 I E:) [ R6 J(sp)
STACK POINTER STACK POINTER
R7 | ipc)

PROGRAM COUNTER

MR-3635

Figure 1-1 General-Purpose Registers
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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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MR-3636

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

1/0).

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-
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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 N 09 08 07 05 04 03 02 01 00
PRIORTY
Cc™m PM Si LEVEL T N z \ C
] ) 1 ] ]
[ . ) Y 4
RESERVED TRACE J 1
PREVIOUS MEMORY NEGATIVE
MANAGEMENT MODE ZERO
CURRENT MEMORY OVERFLOW
MANAGEMENT MODE CARRY
SUSPENDED
INSTRUCTION

MR-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.

Z =1 if the result was 0.

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>) — Thesc bits arc 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.

1.4.5.6 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 KDF11-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 I/O devices allows the
normal instruction set to be used to test and/or manipulate the various I/O device register bits. For
example, a COMPARE instruction can test status bits directly in the I/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-



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 (KEF11-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 sct (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: Caoammiinicatinne Qerviecee (INNRDY /NM15)
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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 MSVI11-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
BDV11-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)
412V = 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.)



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
R5

KERNEL USER
| R6  Jisp) [ R6 ) (sp)
STACK POINTER STACK POINTER

R7 | ipc)
PROGRAM COUNTER

MR.3635

Figure 1-1 General-Purpose Registers
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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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15 08 07 00

HIGH BYTE LOWBYTE
e L 1 1 1 1 1 1 1 L 1 L L L

MR.3636

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

16-BIT WORD
BYTE BYTE 8-BITBYTE
HIGH LOW 000000 LOW 000000
HIGH LOW 000002 HIGH 000001
HIGH LOW 000004 LowW 000002
HIGH 000003
LOW 000004
M% OR /wv
HIGH LOW 017772 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,
1/0).

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).
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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 N 09 08 07 05 04 03 02 01 00
PRIORTY
c™Mm PM N LEVEL T N P4 v C
] ] ] i |
1 — 1 )
RESERVED TRACE —j ﬁ
PREVIOUS MEMORY NEGATIVE
MANAGEMENT MODE ZERO
CURRENT MEMORY OVERFLOW
MANAGEMENT MODE CARRY
SUSPENDED
INSTRUCTION

MR-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.

Z =1 if the result was O.

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.
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Octal Value of PS<7:5> Interrupt Level Acknowledged*

S —=NDWh LA

*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.

1.4.5.6 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 KDFI11-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 I1/O devices allows the
normal instruction set to be used to test and/or manipulate the various I/O device register bits. For
example, a COMPARE instruction can test status bits directly in the I/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 (KEF11-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 sct (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
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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.

I.  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

Novkhwn—

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 normal operation.
Table 2-1 lists the manufacturing test jumpers.

Table 2-1 Manufacturing Test Jumpers

Jumper
From |To Function
J6 J7 Connects the system oscillator to the CPU and LSI-11 bus timing circuits.

J8 J9 Connects the PHASE signal to the input of the F11 chip clock drivers.

J20 J21 Connects the baud rate crystal oscillator to the SLU baud rate generator and the — 12
V charge pump circuit.

2.2.1.2 UART Test Jumper - For normal operation the bus initialize signal (BINIT) will clear the
UARTsS on the console and second SLUSs. If a character is in either of the UARTS’ buffers and a RE-
SET instruction is executed before the character is read, the character is lost. The three jumper stakes
(J33-J35) allow the console UART to be configured so it will be cleared by power-up and system re-
start only. Currently this feature is not used by DIGITAL in manufacturing or field service testing.
Table 2-2 describes the jumper configuration for the UART test jumper.

CAUTION
Standard field service SLU diagnostics will FAIL if
the reset disabled configuration is selected. Normal
system and diagnostic operation requires that this
feature not be selected.

Table 2-2 UART Test Jumper

Jumper Reset Normal
From To Function Disabled Operation
J35 J34 Connects LINITF(1) H to the R I

console SLU UART reset input.

J33 J34 Connects DCOKC2B L to the console I R
SLU UART reset input.

R = removed; I = installed.

2.2.1.3 Field Service Test Jumper — This jumper allows field service personnel to check out the console
terminal and its cable independently of the processor. When the jumper is installed in the test con-
figuration, the serial input from the console is looped through the console SLU connector (J1) back to
the console. Table 2-3 describes the jumper configuration for normal operation and field service testing.
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Table 2-3 Field Service Test Jumper

Jumper Field Normal
From To Function Service Operation
J27 J26 Connects the output of the R I

console serial-line driver to
the console serial-output line.

J25 J26 Connects the serial-line input I R
from the console connector to
the console connector serial-line
output.

R = removed; | = installed.

2.2.2 CPU Option Jumpers

Four wirewrap stakes provide user-selectable features associated with the operation of the CPU. The
ground stake can be connected to any combination of the other three stakes to select the available fea-
tures. Two power-up mode stakes select one of four power-up modes. The halt/trap stake selects the
halt/trap option.

2.2.2.1 Power-Up Mode Selection — The four power-up modes are selected by installing or removing
in various combinations the wirewrap jumpers between jumper stakes J17 and J19 and the ground stake
(J18). The jumper configurations for the modes are listed in Table 2-4.

Only the power-up mode is affected, not the power-down sequence. The following paragraphs describe
the sequence of events after executing common power-up for each of the four modes. The state of bus
signal BHALT L is significant in power-up mode operation.

Table 2-4 Power-Up Mode Jumper Configurations

Jumper Jumper

J18 to J19 J18 to J17 Mode Name

R R 0 PC@24, PS@26

R I 1 Console ODT

| R 2 Bootstrap

| I 3 Extended microcode

R = removed; I = installed.

Power-Up Mode 0 — This mode causes the microcode to fetch the contents of memory locations 24g and
26g and loads their contents into the PC and PS, respectively. The microcode then examines BHALT L.
If BHALT L is asserted, the processor enters console ODT mode; if it is not, the processor begins pro-
gram execution by fetching an instruction from the location pointed to by the PC. This mode is useful
when power-fail /auto-restart capability is desired, but is valid only when used with nonvolatile memory.

Power-Up Mode 1 - This mode causes the processor to enter console ODT (on-line debugging tech-
nique) mode immediately after power-up, regardless of the state of any service signals. This mode is
useful in a program development or hardware debugging environment — the user has immediate control
over the system after power-up.



Power-Up Mode 2 - This mode causes the processor to generate internally a 16-bit bootstrap start ad-
dress of 173000g (the conventional start address for DIGITAL systems). This address is loaded into the
PC. The processor sets the PS to 3403 (PS<7:5> = 7) to inhibit interrupts before the processor is
ready for them. If BHALT L is asserted, the processor enters console ODT mode; if it is not, the pro-
cessor begins execution by fetching an instruction from the location pointed to by the PC. This mode is
useful for turn-key applications where the system automatically begins operation without operator inter-

vention.

Power-Up Mode 3 - This mode causes the microcode to jump to optional control chip number 37g,
location 76g, and begin microcode execution. This mode is reserved for future microcode expansion by
DIGITAL and is not recommended for customer usage. If it is erroneously selected, the processor will
treat it as a reserved instruction trap to location 10g.

2.2.2.2 Halt/Trap Option - If the processor is in kernel mode and decodes a HALT instruction,
BPOK H is tested. If BPOK H is negated, the processor will continue to test for BPOK H. The proces-
sor will perform a normal power-up sequence if BPOK H becomes asserted sometime later. If BPOK H
is asserted after the HALT instruction decode, the halt/trap jumper (J16) is tested. If the jumper is
removed, the processor enters console ODT mode. If the jumper is installed, a trap to location 10g will

occur.

NOTE
In user mode a HALT instruction execution will al-
ways result in a trap to location 10g.

This feature is intended for situations where recovery from erroneous HALT instructions is desirable,
such as unattended operation. Table 2-5 lists the halt/trap jumper functions for kernel and user proces-

sor modes.

Table 2-5 Halt/Trap Jumper Configuration

Jumper Processor

J18 to J16 Mode Function

R Kernel Processor enters console ODT microcode when it executes a HALT in-
struction.

I Kernel Processor traps to location 10g when it executes a HALT instruction.

X User HALT instruction decode results in a trap to location 10g regardless of
the status of the halt/trap jumper.

R = removed; | = installed; X = “Don’t care.”

2.2.3 On-Board Device Selection Jumpers

Six wirewrap stakes on the KDF11-BA module are used to select which on-board peripheral devices are
to be enabled or disabled. The ground stake can be connected to any combination of the other five
stakes to obtain the desired configuration. The jumper functions are described in Table 2-6.
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Table 2-6 On-Board Device Selection Jumpers

Stake Stake

Number | Name Function

J10 Ground This wirewrap stake provides a ground source for the other five wirewrap
stakes in this group.

J15 BDK DISJ L | When grounded, this signal disables the boot/diagnostic registers, the
boot/diagnostic ROMSs, and the line clock register.

J11 LTC ENBJ L | When grounded, this signal forces the line clock interrupt enable flip-flop to
be set and allows the LSI-11 bus BEVNT signal to request program inter-
rupts unconditionally.

J14 DL1 DISJ L | When grounded, this signal disables the console serial-line registers. When
ungrounded, the device and vector addresses for the console SLU are the
following.

Device Addresses Interrupt Vectors

RCSR 17777560 Receiver 060

RBUF 17777562 Transmitter 064

XCSR 17777564

XBUF 17777566

NOTE

If DL1 DISJ L is grounded, the break-on-halt feature must also be disabled
(Paragraph 2.2.5.3).

J13 DL2 DISJ L | When grounded, this signal disables the second serial-line registers. When
ungrounded, the device and vector addresses for the second SLU are deter-
mined by the status of the DL2 ADRJ L jumper.

J12 DL2 ADRJ L | When DL2 ADRIJ L is ungrounded, the second SLU device and its vector

addresses are as follows.

Device Addresses I Interrupt Vectors
RCSR 17776500 Receiver 300
RBUF 17776502 Transmitter 304

XCSR 17776504
XBUF 17776506

When DL2 ADRIJ L is grounded, the device and vector addresses are as
follows.

Device Addresses Interrupt Vectors
RCSR 17776540 Receiver 340
RBUF 17776542 Transmitter 344

XCSR 17776544
XBUF 17776546
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2.2.4 Bootstrap/Diagnostic Switches and Jumpers

A 16-pin DIP switch pack (E102) and two jumpers on the KDF11-BA module provide switch-selectable
bootstrap and diagnostic programs for hard disks and diskettes or the customer’s own bootstrap pro-
gram. The KDF11-BA will have BDV11 functionality only if the BDV11 2K X 8 diagnostic/bootstrap
ROMs or EPROMs containing DIGITAL programs are installed in sockets E126 and E127. The
switch and jumper functions are described in Paragraphs 2.2.4.1 and 2.2.4.2 and their locations are
shown in Figure 2-1.

2.2.4.1 Bootstrap/Diagnostic Configuration Switches — Boot and diagnostic configuration register bits
<07:00> reflect the status of the eight switches of the S1 switch pack (E102). Switches S1-1 through
S1-4 are used to select a diagnostic and/or a bootstrap program. Switches S1-5 through S1-8 are used
in conjunction with switches S1-3 and S1-4 to select the specific bootstrap program desired. The switch
configurations when using the BDV11 2K X 8 diagnostic bootstrap ROMs (DIGITAL) are listed in
Tables 2-7 and 2-8.

Table 2-7 Diagnostic/Bootstrap Program Selection

CDAL | Switch Switch

Bit Number Position Function

00 S1-1 On Execute CPU diagnostic upon power-up or restart.

01 S1-2 On Execute memory diagnostic upon power-up or restart.

02 S1-3 On DECnet boot (S1-4 through S1-7 are arguments*®).

03 S1-4 On Console test and dialogue (S1-3 Off).

03 S1-4 Off g;;;-key boot dispatched by S1-5 through S1-8 configuration (S1-3

* DECnet boot arguments are:

Switch Positions
Boot Devicet S1-4 S1-5 S1-6 S1-7
DUVII On X X X
DLVII-E Off On X Off
DLV1I1-F Off On X On

+ DLVI11-E CSR = 17775610
DLVII-F CSR = 17776500
DUVI11 CSR = 17760040 if there are no devices from 17760010 to 17760036

X = *“Don’t care.”
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Table 2-8 Bootstrap Program Selection

Device Switches: S1-5§ S1-6 S1-7 S1-8 Program

Mnemonic* CDAL Bit: 04 05 06 07 Selected

DKn;n < 8* Off Off Off On RKOS5 boot

DLn;n < 4 Off Off On Off RLO1 or RLO2 boot

DDn;n < 2 Off Off On On TUS8 (SLU) at 776500
boot

DXn;n < 2 Off On Off Off RXO01 boot

DYn;n < 2 Off On On Off RX02 boot

*n = unit number

All bootstrap programs other than the DECnet boots above are controlled by the bit patterns in switch-
es S1-5 through S1-8. The bit patterns are described in Table 2-8. If the console test is selected (S1-4
On, S1-3 Off), the bootstrap program is controlled by a device mnemonic and unit number supplied by
the console operator. These device mnemonics are also described in Table 2-8.

The console test prompts the operator with

XXXX.KW
START?

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

The console operator responses are a 2-character device mnemonic with a 1-digit octal unit number or
one of two special single-character mnemonics. If no 1-digit unit number is specified, the unit O is se-
lected. The response must be followed by a <CR> (carriage return). The special single-character
mnemonics are

Y  Use switch settings to determine boot device
N  HALT - enter ODT microcode

2.2.4.2 Bootstrap/Diagnostic ROM Jumpers — Two 24-pin sockets (E126 and E127) are provided for
the installation of 2K X 8 ROMs or EPROMs. When EPROMEs are inserted into the two ROM sock-
ets, +5 V must be applied to pin 21 of each socket. For all other ROMs used in this option, ROM
address bit 13 (BTRA 13 H) must be applied to pin 21. This pin is a chip select input for 2K ROM:s.
Table 2-9 describes the jumper configurations when using ROMs or EPROMSs. Figure 2-1 shows the
location of jumper stakes J22, J23 and J24.
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Table 2-9 ROM (or EPROM) Jumpers

Jumper Memory Type

From To ROM EPROM | Function

J24 J23 I R Connects BTRA 13 H to pin 21 of the two ROM sockets.
J22 J23 | R I Connects +5 V to pin 21 of the two ROM sockets.

I = installed; R = removed.

2.2.5 Console SLU Switch and Jumper Configurations
Four switches of a 16-pin DIP switch pack (E114) and four jumpers provide user-selectable features
associated with the operation of the console serial-line unit. The switch and jumper functions are de-
scribed in Paragraphs 2.2.5.1 through 2.2.5.3 and Paragraph 2.2.7.

2.2.5.1 Console SLU Baud Rates — Switches 1-4 of the S2 switch pack (E114) select 1 of 16 possible
SLU baud rates if the internal baud rate generator is used as the clock source. If the KDF11-BA is
configured to operate the SLU with an external clock, the positions of these switches are meaningless.
Paragraph 2.2.7 describes the jumper configuration for internal/external baud rate clock selection.

The SLU transmits and receives at the selected baud rate. Split baud operation is not provided. The
switch configuration for selecting any one of the available baud rates is described in Table 2-10.

Table 2-10 Console SLU Baud Rate Selection

Switch Position

S2-4 S2-3 S2-2 S2-1 Baud Rate
On On On On 50
On On On Off 75
On On Off On 110
On On Off Off 134.5
On Off On On 150
On Off On Off 300
On Off Off On 600
On Off Off Off 1200
Off On On On 1800
Off On On Off 2000
Off On Off On 2400
Off On Off Off 3600
Off Off On On 4800
Off Off On Off 7200
Off Off Off On 9600
Off Off Off Off 19200

2-9



2.2.5.2 Console SLU Character Formats — Five wirewrap stakes are used to select options for estab-
lishing the console SLU character format. The ground stake can be connected to any combination of
the other four stakes to configure the character format for the following options.

One or two stop bits

Seven data bits plus parity
Eight data bits without parity
Odd or even parity

The jumper stake functions are described in Table 2-11 and the jumper configurations are described in

Table 2-12.
Table 2-11 Console SLU Character Format Jumpers

Stake Stake

Number | Name Function

J38 Ground This wirewrap stake provides a ground source for the other four wirewrap
stakes in this group.

J39 DL1 CH7J L | When grounded, this signal causes the UART to transmit and receive 7-bit
characters. Otherwise, the UART is formatted for 8-bit characters.

J37 DL1 ST1J L [When grounded, this signal causes the UART to transmit and receive onc
stop bit. Otherwise, it is formatted for two stop bits.

J36 DL1 PARJ L |When grounded, this signal enables UART parity generation and checking.
Otherwise, parity is disabled.

J40 DL1 ODDJ L|When DL1 PARJ L and DL1 ODDJ L are both grounded, odd parity is se-

lected. If only DL1 PARJ L is grounded, even parity is selected.

Table 2-12 Character Jumper Configurations

Jumper
From To J38 Character Format Option
J39 IN 7-bit characters
OouT 8-bit characters
J37 ouT Two stop bits
IN One stop bit
J36* IN Parity check enabled
ouT Parity check disabled
J40 IN Odd parity if J36 is in.
OouT Even parity if J36 is in.
NOTE: If 8-bit characters (J39 OUT) are selected, parity check
must be disabled (J36 OUT).



2.2.5.3 Break-on-Halt Jumpers — Two jumpers enable and disable the break-on-halt feature. If this
feature is enabled, the detection of a break condition by the console UART causes the processor to halt
and enter the on-line debugging technique (ODT) microcode. If this feature is disabled, there is no
response to the break condition. Table 2-13 lists the jumper configurations for selecting the break-on-
halt feature.

Table 2-13 Break-on-Halt Jumper Configuration

Jumper Break Feature

From To Function Enabled Disabled
J5 J4 Connects ground to RQ HLT H. R I

J3 J4 Connects DL1 FE H to RQ HLT H. I R

R = removed; I = installed.

J3 = DLI FEH

J4 = RQHLTH

J5 = Ground

2.2.6 Second SLU Switch and Jumper Configurations

The second SLU is configured in the same manner as the console SLU except that a different set of
switches and jumpers are used to select the available SLU features. The switch and jumper functions
for the second SLU are described in Paragraphs 2.2.6.1 and 2.2.6.2.

2.2.6.1 Second SLU Baud Rates - Switches 5 through 8 of the S2 switch pack (E114) select 1 of 16
baud rates for the second SLU, if the internal baud rate generator is used as the clock source. The
second SLU will transmit and receive at the same selected baud rate. The switch configurations for
selecting any of the available baud rates are listed in Table 2-14.

Table 2-14 Second SLU Baud Rate Selection

Switch Position

S2-8 S2-7 S2-6 S2-5 Baud Rate -
On On On On 50
On On On Off 75
On On Off On 110
On On Off Off 134.5
On Off On On 150
On Off On Off 300
On Off Off On 600
On Off Off Off 1200
Off On On On 1800
Off On On Off 2000
Off On Off On 2400
Off On Off Off 3600
Off Off On On 4800
Off Off On Off 7200
Off Off Off On 9600
Off Off Off Off 19200
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2.2.6.2 Second SLU Character Formats - Five wirewrap stakes are used to select options for estab-
lishing the second SLU character format. The ground stake can be connected to any combination of the
other four stakes to configure the character format for the following options.

One or two stop bits

Seven data bits plus parity
Eight data bits without parity
Odd or even parity

The jumper stake functions are described in Table 2-15 and the jumper configurations are listed in

Table 2-16.
Table 2-15 Second SLU Character Format Jumpers

Stake Stake

Number | Name Function

J30 Ground This wirewrap stake provides a ground source for the other four wirewrap
stakes in this group.

J31 DL2 CH7J L |When grounded, this signal causes the UART to transmit and receive 7-bit
characters. Otherwise, the UART is formatted for 8-bit characters.

J29 DL2 ST1J L |When grounded, this signal causes the UART to transmit and receive one
stop bit. Otherwise, it is formatted for two stop bits.

J28 DL2 PARJ L |When grounded, this signal enables UART parity generation and checking.
Otherwise, parity is disabled.

J32 DL2 ODDJ L{When DL2 PARJ L and DL2 ODDJ L are both grounded, odd parity is se-

lected. If only DL2 PARJ L is grounded, even parity is selected.

Table 2-16 Character Jumper Configurations

Jumper
From To J30 Character Format Option
J31 IN 7-bit characters
OouT 8-bit characters
J29 ouT Two stop bits
IN One stop bit
J28 IN Parity check enabled
ouT Parity check disabled
J32 IN Odd parity if J28 is in.
OouT Even parity if J28 is in.
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2.2.7 Internal/External SLU Clock Jumpers

Two sets of jumpers are provided to select an internal or external clock for the console SLU and the
second SLU. If the internal clock jumpers are installed, the SLU clocks are obtained from the internal
baud rate generator. When the external clock jumpers are installed, external clocks are routed to the
SLUs through pin 1 of the J1 and J2 SLU connectors. Table 2-17 lists the internal/external SLU clock
jumper configurations.

Table 2-17 Internal/External SLU Clock Jumper Configurations

Jumper Selected Clock
From To Function Internal External
J43 J42 Connects internal baud rate I R

generator to the console SLU
UART. (Normal configuration)

J41 J42 Connccts external clock to R |
the console SLU UART.

J46 J45 Connects internal baud rate I R
generator to the second SLU
UART. (Normal configuration)

J44 J45 Connects external clock to R |
the second SLU UART.
R = removed; | = installed.

2.2.8 Bus Grant Continuity Jumpers

Two jumpers must be installed when the KDF11-BA is used in an LSI-11/LSI-11 bus backplane. An
LSI-11/LSI-11 bus backplane (e.g., an H9275 or H9270) is one that carries the LSI-11 bus signals on
backplane rows C and D as well as rows A and B. The jumpers provide continuity for the interrupt
acknowledge (BIAK) and direct memory access grant (BDMG) LSI-11 bus signals. The jumpers are
described in Table 2-18.

Table 2-18 Bus Grant Continuity Jumpers

Jumper* | Function

\VA Connects backplane pins CM2 and CN2, providing continuity for BIAK L.

w2 Connects backplane pins CR2 and CS2, providing continuity for BDMG L.

*Must be installed when the KDF11-BA is used in an LSI-11/LSI-11 bus backplane; otherwise, the
jumper installation is optional.

NOTE
If the KDF11-BA is installed in an LSI-11/CD
backplane (H9273 or H9276) and the W1 and W2
jumpers are installed, pin CM1 is shorted to CN1
and pin CR1 is shorted to CS1 on slot 2.
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2.3 FACTORY SWITCH AND JUMPER CONFIGURATIONS

Users may reconfigure the module jumpers and switches to select the KDF11-BA options required for
the particular system application. All switches and all jumpers except those jumpers reserved for manu-
facturing and field service testing may be reconfigured. Therefore, the factory configuration as shipped
is described below to assist users in determining the jumper and switch changes that are required to
select the module options for their systems. Table 2-19 lists the factory jumper configurations. Tables 2-
20 and 2-21 list the bootstrap/diagnostic switch and SLU baud rate switch configurations, respectively.

Table 2-19 Factory Jumper Configurations

Jumper Jumper

From To State Function
The manufacturing and field service test jumpers are described below
in Paragraph 2.2.1.

J6 J7 I Master clock; enables internal oscillaior.

J8 J9 1 Phase; connects signal to F11 chip clock drivers.

J20 J21 I XTAL; connects baud rate oscillator.

J35 J34 I LINITF (1) H; connects reset to console UART.

J33 J34 R Installed reset disabled test feature (only after removing jumper
J35-J34).

J27 J26 I Connects console SLU serial output to connector J1.

J25 J26 | R Installed for field service wraparound testing (only after removing
jumper J27-J26).
The CPU option jumpers are described below in Paragraph 2.2.2.

J19 JI8 |1 Power-up mode 2 (jumper J19-J18 installed; jumper J17-J18 removed)

J17 J18 R causes the processor to begin executing the bootstrap code at start
address 173000.

J16 J18 R Processor enters console ODT microcode when it executes a kernal
mode HALT instruction.

The on-board device selection jumpers are described in Paragraph

2.2.3.
J11 J10 R LTC ENJ L. BEVENT can request interrupts only if the processor
program has set bit 6 of the line clock register (17777546).
J12 JIO | R The second SLU is enabled with an RCSR address of 17776500
J13 J10 R and interrupt vector addresses of 300 and 304.
J14 J10 R The console SLU is enabled.
R = removed; | = installed.
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Table 2-19 Factory Jumper Configurations (Cont)

Jumper Jumper

From To State Function

J15 J10 R The BDV ROMs and registers, as well as the line clock register, are
enabled.
The boot and diagnostic ROM jumpers are described in Paragraph
2.2.4.2

J22 J23 NOTE: When ROMs are used, jumper J22-J23 is installed and jumper
J24-J23 is removed.

J24 J23 NOTE: When EPROMs are used, jumper J22-J23 is removed and
jumper J24-J23 is installed.
The console SLU character formats are described in Paragraph
2.2.5.2.

J36 J38 R Console SLU parity check is disabled.

J37 J38 I Console SLU character contains one stop bit.

J39 J38 | R Console SLU character contains eight bits.

J40 J38 R No effect; console parity already disabled.
The break-on-halt jumpers are described in Paragraph 2.2.5.3.

J3 J4 R Break-on-halt feature is disabled. The break key on the console SLU

J5 J4 I does not halt the processor. This feature may be enabled by removing
jumper J5-J4 and then installing jumper J3-J4.
The second SLU character formats are described in Paragraph 2.2.6.2.

J28 J30 | R Second SLU parity check is disabled.

J29 J30 I Second SLU character contains one stop bit.

J31 J30 R Second SLU character contains eight bits.

J32 J30 R No effect; second SLU parity already disabled.
The internal/external SLU clock jumpers are described in Paragraph
2.2.7.

J41 J42 R The on-board baud rate generator is connected to the console SLU.

J43 J42 I The external clock input from connector J1 is disabled.

R = removed; | = installed.



Table 2-19 Factory Jumper Configurations (Cont)

Jumper Jumper
From To State Function
Ja4 Jas R The on-board baud rate generator is connected to the second SLU.
J46 J45 I The external clock input from connector J2 is disabled.

The bus grant continuity jumpers are described in Paragraph 2.2.8.
W1 I Provides bus grant continuity for the BIAK signal.
w2 I Provides bus grant continuity for the BDMG signal.

R = removed; | = installed.

Table 2-20 Bootstrap/Diagnostic Factory Switch Configurations

Switch S1 (E102)

Number Position Function*

1 On Execute CPU diagnostic

2 On Execute memory diagnostic

3 Off DEChnet boot disabled

4 On Console test and dialogue

5 Off -

6 Off -

7 On RLO1/RLO2 bootstrap program
8 Off -

*With the switch configurations shown, the KDF11-BA, upon power-up or
restart, will execute the CPU diagnostic, the memory diagnostic, and then
enter the console test. If the operator wishes to terminate the memory diag-
nostic and immediately enter the console test, control/C must be entered on
the console terminal.

Table 2-21 SLU Baud Rate Factory Switch Configurations

Switch S2 (E114)

Number | Position Function

On Console SLU set for 9600 baud per Table 2-10.
Off
Off
Off

SN -

On Second SLU set for 9600 baud per Table 2-14.
Off
Off
Off

[e IR le WV ]
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2.4 MODULE CONTACT FINGER IDENTIFICATION

Digital Equipment Corporation’s plug-in modules, including the KDF11-BA, all use the same contact
(pin) identification system. Figure 2-2 shows the contact finger identification for a typical quad-height
module. The LSI-11 bus signals are carried on rows A and B. Each row contains 36 lines (the com-

ponent and solder sides of the circuit board having 18 lines each).
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Figure 2-2 Quad Module Contact Finger Identification
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Row A, shown in Figure 2-2, includes a numeric identifier for the side of the module. The component
side is designated side 1 and the solder side is designated side 2. Letters ranging from A through V
(excluding G, I, O, and Q) identify particular pins on a side of a slot. A typical pin is designated as
follows.

AE2e—— Module Side Identifier “Side” (solder side)
Pin Identifier (Pin E)
Row Identifier (Row A)

The positioning notch between the two rows of pins mates with a protrusion on the connector block for
correct module positioning.

2.5 BACKPLANE PIN ASSIGNMENTS AND THEIR KDF11-BA UTILIZATION

When configuring a system with the KDF11-BA, the module may be inserted in one of several available
backplanes. (Refer to Paragraph 2.6.1 for information on the types of backplanes available.) As an ex-
ample, Figure 2-3 shows the pin identifications of an H9276 backplane. Individual connector pins
shown are viewed from the module insertion side. Only pins for one slot location are shown in detail.
This pin pattern is repeated 36 times on the backplane, allowing the user to install several double-height
or quad-height modules.

EXTENDED LSI-11 BUS CD BUS
e

( A ROWS B ]f C ROWS D ]
PIN AT PIN VI
SLOT 1 PIN V2
stot2 |[Leina2
SLOT 3
SLOT 4
SLOT 5
SLOT6
SLOT 7
SLOT 8
SLOT 9

(VIEW FROM MODULE INSERTION SIDE OF BACKPLANE)

MR 5449

Figure 2-3 H9276 Backplane Pin Identifications

The KDF11-BA backplane pin assignments for rows A and B (extended LSI-11 bus signals) add four
BDAL lines that extend the physical address space to four megabytes. The extended bus pin assign-
ment additions are listed in Table 2-22. (Backplane pin assignment and signal pin functions for the
remaining pins on rows A and B are described in Appendix F.) A comparison of the KDFI11-BA,
KDF11-AA, KD11-HA, and KD11-F processors’ backplane pin assignments appears in Appendix D.

2.6 HARDWARE OPTIONS

KDF11-BA systems can be configured with a variety of backplanes, power supplies, enclosures, memo-
ries, peripherals, etc. Figure 2-4 shows a typical configuration for a KDF11-BA system with 512KB
bytes of memory capacity.
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Table 2-22 KDF11-BA Extended Address Lines

Bus Signal
Pin Mnemonic Signal Function
BC1 BDAL 18 L Data/address line 18
BDI BDAL 19L Data/address line 19
BEl BDAL 20 L Data/address line 20
BF1 BDAL 21 L Data/address line 21
ngg“‘”s rowA | rows | mrowc | mowbp

1 KDF11-BA PROCESSOR MODULE

2 MSV11-PL 512 KB MEMORY MODULE

3 DZV11 FOUR ASYNCHRONOUS LINE MODULE

4 RLV12 DISK CONTROL MODULE

5 FREE

6 FREE

7 FREE

8 FREE

9

VIEW FROM MODULE SIDE OF BACKPLANE

MR.5451

Figure 2-4 Typical KDF11-BA 512K-Byte System

2.6.1 Backplanes

The KDF11-BA is designed to run in any LSI-11 bus-compatible backplane that accepts quad-height
modules. The KDF11-BA provides 18-bit addressing in backplanes that feature the traditional LSI-11
bus, or 22-bit addressing in backplanes that feature the extended LSI-11 bus. The following LSI-11 bus

and extended LSI-11 bus backplanes are available.

e H9276 — A 9-slot X 4-row backplane that supports 22-bit addressing for up to nine quad- or
dual-height modules. The AB slots are bused in accordance with the wiring scheme of the
extended LSI-11 bus; the CD slots are bused in accordance with the wiring scheme of the

CD bus.

e H9273 — A 9-slot X 4-row backplane that supports 18-bit addressing for up to nine quad- or
dual-height modules. The AB slots are bused in accordance with the wiring scheme of the
LSI-11 bus; the CD slots are bused in accordance with the wiring scheme of the CD bus.

e HO9275 — A 9-slot X 4-row backplane that supports 22-bit addressing. Each slot may contain
one quad- or two dual-height modules. The AB and CD slots are bused in accordance with
the wiring scheme of the extended LSI-11 bus.
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e HO9270 - A 4-slot X 4-row backplane that supports 18-bit addressing. Each slot may contain
one quad- or two dual-height modules. The AB and CD slots are bused in accordance with
the wiring scheme of the LSI-11 bus.

e DDVI1I-B - A 9-slot X 4-row backplane that supports 18-bit addressing. The AB and CD
slots are bused in accordance with the wiring scheme of the LSI-11 bus. The EF slots are
available for user-defined interconnections.

Refer to the PDP-11/23B Mounting Box Technical Manual for a complete description of the H9276
backplane and the Microcomputer Interfaces Handbook for a complete description of the other back-
planes listed.

2.6.2 Enclosures
The KDF11-BA may be installed in a variety of enclosures, including, but not limited to, the following.

e BAII-S Mounting Box — Contains the H9276 backplane and the H7861 power supply. It
supports 22-bit addressing for up to nine quad- or dual-height modules. The H7861 power
supply provides 36 A at +5 V and 5 A at +12 V.

e BAI1I1-N Mounting Box — Contains the H9273 backplane and the H786 power supply. It sup-
ports 18-bit addressing for up to nine quad- or dual-height modules. The H786 power supply
provides 22 A at +5 V and 11 A at +12 V.

e BAI11-M Mounting Box — Contains the H9270 backplane and the H780 power supply. It sup-
ports 18-bit addressing for four slots, each of which may contain one quad- or two dual-height
modules. The H780 power supply provides 18 A at +5 V and 3.5 A at +12 V.

Refer to the PDP-11/23B Mounting Box Technical Manual for a complete description of the BA11-S
mounting box and the Microcomputer Interfaces Handbook for a complete description of the BA11-N
and BA11-M.

2.6.3 Memory Modules
The KDF11-BA is compatible with a wide variety of memories, including, but not limited to, the ones

that follow.

e MSVI1I1-P Quad-Height Memory Module — Provides up to 512K bytes of 22-bit addressable
memory.

e MSVI1I-L Dual-Height Memory Module — Provides up to 256K bytes of 22-bit addressable
memory.

e MSVI11-D Dual-Height Memory Module — Provides up to 64K bytes of 18-bit addressable
memory.

The MSV11-B memory module, which does not have on-board refresh logic and only decodes 16-bit
addresses, is not recommended for use with the KDF11-BA.

2.6.4 Peripheral Options

The KDF11-BA is designed to be compatible with all peripheral options designed to the LSI-11 bus
specification. However, it is incompatible with two types of older options used in systems that support
22-bit addressing.
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" 1. Direct Memory Access (DMA) devices that provide 18-bit DMA addresses, such as the
) RLVI1I1, RXV21, and DRV11-B, can only access up to 256K bytes of memory.

2. Peripheral devices that use pins BC1, BD1, BE1, and/or BF1 for test signals cannot be used
in extended LSI-11 bus backplanes that bus these pins for BDAL21-18 L.

: The RLV12 disk controller is a single quad-height module that provides 22-bit addressing. It replaces
' the RLV11 as an interface to the RLOl and RLO02 disk drives.

," Non-DMA peripheral devices are generally not affected by 22-bit addressing because they monitor

BBS7 L instead of BDAL21-13 to decode 1/O Page addresses. Refer to the PDP-11/23 Mounting Box
Manual for a listing of peripheral options compatible with the extended LSI-11 bus backplanes.

‘, 2.7 SYSTEM DIFFERENCES
' A number of minor differences exist between the KDF11-AA or KDF11-BA processors and the LSI-11
(KD11-F) or LSI-11/2 (KD11-HA) processors. The following is a list of these differcnces.
1. The KDF11-BA and KDFI11-AA do not have a boot loader in console ODT microcode.

| 2. The KDFI11-BA and KDFI11-AA console ODT functions are a subset of the KD11-F and
: KD11-HA ODT functions.

f 3. KDFI11-BA, KDF11-AA, and KDI11-HA do not perform memory refresh.

4. The EVENT line is on level 6 for the KDF11-BA and KDF11-AA; KD11-F and KDI11-HA
have the EVENT line on level 4.

5. The REVI11-C refresh/boot module cannot be used to boot the KDF11-BA system.
Refer to Appendices C, D, and E for additional comparisons among these LSI-11 processors.

2.8 MODULE INSTALLATION PROCEDURE
Certain guidelines should be followed when installing or replacing a KDF11-BA module.

J 1. Verify dc power before inserting the module in a backplane.
2. Ensure that no dc power is applied to the backplane when removing or inserting the module.

3. Verify the configuration of option jumpers and switches as specified under Paragraphs 2.2
and 2.3.

4. It is recommended that a single switch be used to apply +5 V and +12 V to the system.

The KDF11-BA module’s response to power-up depends on the power-up mode, as detailed in Table 2-
23.

The following diagnostics are available for checking out the KDF11-BA module.
e CJKDB CPU Diagnostic — Tests the basic instruction set, EIS, and processor traps.

e CJKDA MMU Diagnostic — Checks out the memory management and extended addressing
functions.
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CVMSBA BDVI11 Diagnostic — Checks out KDF11-BA BDV functionality.

CJDLA SLU Diagnostic — Checks out the KDF11-BA serial-line units.

CJKDC and CJKDD Floating-Point Diagnostics — Check out the floating-point option.

CJKDH CIS Diagnostic — Checks out the CIS option.

Table 2-23 Console Power-Up Printout (or Display)*

Power-up | BHALT L
Mode State Console Response
0 Unasserted Processor will execute the program using the contents at location 24g as
the PC value.
Asserted Terminal will print and enter micro-ODT.
1 Unasserted | Terminal will print out a random 6-digit number, which is the contents of
the program counter.
Asserted Terminal will print out a random 6-digit number, which is the contents of
the program counter, and enter micro-ODT.
2 Unasserted | Processor will execute the program at location 773000.+
Asserted Terminal will print out 173000 and enter micro-ODT.+
3 Unasserted | Mode 3 causes microcode to jump to optional control chip 37g, location
763, and begin microcode execution. This mode is reserved for future use
by DIGITAL and is not recommended for customer use. If this mode is
erroneously selected, the processor will treat it as a reserved instruction
trap to location 10g.
Asserted A normal printout-terminal will print out the contents of memory location

10g and enter micro-ODT.

*The terminal printout consists of six octal digits as specified in the table, followed by a carriage return, line feed, and @

prompt in all cases.
tNormal mode for use with the BDV11 bootstrap/diagnostic ROMs.
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CHAPTER 3
CONSOLE ON-LINE DEBUGGING TECHNIQUE (ODT)

3.1 INTRODUCTION

A portion of the microcode in the KDF11-BA processor emulates the capability normally found on a
programmer’s console. Since the KDF11-BA does not have a programmer’s console (one with lights and
switches) or a console switch register at bus address 777570, the terminal at the standard bus address of
777560 is used to perform console functions. Communication between the processor and the user is via
a stream of ASCII characters interpreted by the processor as console commands. The console terminal
addresses 777560 through 777566 are generated in microcode and cannot be changed.

This feature is called the microcode on-line debugging technique, or micro-ODT. The KDF11-BA mi-
cro-ODT accepts 18-bit addresses, allowing it to access 248K bytes of memory, plus the 8K-byte I/O
page. A PDP-11 software version of ODT, macro-ODT, is necessary to access memory beyond these
limits. Macro-ODT provides a more sophisticated range of debugging techniques, including access of
memory locations by virtual address.

The differences in use of console ODT in the KDF11-BA as compared with that in the KD11-F (LSI-
11) and the KD11-HA (LSI-11/2) are listed in Appendix E.

3.2 TERMINAL INTERFACE

The hardware interface between a terminal (serial-line unit) and ODT is the on-board console serial-line
unit. The terminal is connected to the serial-line unit via connector J1 on the module. Refer to Para-
graph 5.14 for a description of the console serial-line unit.

3.3 CONSOLE ODT ENTRY CONDITIONS
The ODT console mode can be entered by the following ways.

1. Execution of a HALT instruction in kernel mode, provided the HALT TRAP jumper (J16 to
J18) is not installed.

2. Assertion of the BHALT signal on the bus. Note that the signal must be asserted long enough
that it is seen at the end of a macroinstruction by the SERVICE state in the processor.
BHALT is level-triggered, not edge-triggered. Typically, BHALT remains asserted until the
processor enters ODT.

3. If power-up mode option 1 has been selected, ODT is entered upon processor power-up.

4. From the console serial-line unit if the halt-on-break feature is enabled. Refer to Paragraph
2.2.5.3.
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3. If power-up mode option 1 has been selected, ODT is entered upon processor power-up.

4.  From the console serial-line unit if the halt-on-break feature is enabled. Refer to Paragraph
2.2.5.3.
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NOTE

Unlike the KD11-F and KD11-HA, the KDF11-BA
does not enter console ODT upon occurrence of a
double bus error (for example, when R6 points to
nonexistent memory during a bus timeout trap). The
KDF11-BA creates a new stack at location 2 and
continues to trap to 4. If a bus timeout occurs while
getting an interrupt vector, the KDF11-BA ignores it
and continues execution of the program, whereas in
such case the KD11-F and KD11-HA enter console
ODT. Refer to Appendix E for a listing of the differ-
ent ways certain processors interpret the same con-
sole ODT commands.

ODT causes the following processor initialization upon entry.

1. Performs-a DATI from RBUF (input data buffer at 777562¢) and then ignores the character
present in the buffer. This operation prevents the ODT from interpreting erroncous charac-
ters or user program characters as a command.

2. Prints a <CR> and <LF> on the console terminal.

3. Prints the contents of the PC (program counter R7) in six digits.
4. Printsa <CR> and <LF>.

5. Prints the prompt character @.

6. Enters a wait loop for the console terminal input. The DONE flag (bit 7) in the RCSR at
7775603 is constantly being tested via a DATI by the processor for a 1. If bit 7 is a 0, the
processor keeps testing.

3.4 ODT OPERATION OF THE CONSOLE SERIAL-LINE INTERFACE

The processor’s microcode operates the serial-line interface in half-duplex mode by using program 1/0
techniques rather than interrupts. This means that when the ODT microcode is busy printing charac-
ters using the output side of the interface, the microcode is not monitoring the input side for incoming
characters. Any characters coming in while the ODT microcode is printing characters are lost. Overrun
errors detected by the universal asynchronous receiver/transmitter (UART) will be ignored because
the microcode does not check any error bits in the serial-line interface registers.

Therefore, the user should not “type ahead” to ODT because those characters will not be recognized.
More importantly, if another processor is at the end of the serial line, it must obey half-duplex oper-
ation. In other words, no input characters should be sent from the console terminal until the processor’s
ODT output has finished. This restriction does not pertain to echoed characters, however.

3.4.1 Console ODT Input Sequence
The input sequence for ODT follows. (Upon entry to ODT, the RBUF register at 777562 is read but the
character is ignored to prevent the character from being interpreted as a command by the console

ODT.)
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1. Test RCSR bit 7 (DONE flag) of RCSR at 7775603 using a DATI bus cycle; if it is a 0,
continue testing.

2. If RCSR bit 7 is a 1, read the low byte of RBUF at 777562g using a DATI bus cycle.

3.4.2 Console ODT Output Sequence
The output sequence of ODT is as follows.

1. Test bit 7 (DONE flag) of the XCSR at 777564g using a DATI busy cycle; if it is a 0, contin-
ue testing.

2. If XCSR bit 7 is a 1, write to the XBUF at 777566g using a DATO bus cycle. The desired
character is in the low byte. The data in the high byte is undefined and is ignored by the
serial-line interface.

If the interrupt enable (bit 6) in the XCSR is a 1, an interrupt will-be created to the software when the
proceed (P) console ODT command is used. If a go ((;) command is used, all interrupt enables in pe-
ripherals are cleared and an interrupt will not occur.

3.5 CONSOLE ODT COMMAND SET

The ODT command set is listed in Table 3-1 and described in Paragraphs 3.5.1 through 3.5.9. The
commands are a subset of ODT-11 and use the same command characters. ODT has 10 internal states.
Each state recognizes certain characters as valid input and responds with a question mark (?) to all
others.

Table 3-1 Console ODT Commands

Command Symbol Function

Slash / Prints the contents of a specified location.

Carriage return <CR> Closes an open location.

Line feed <LF> Closes an open location and then opens the next con-

tiguous location.

Internal register
designator $orR Opens a specific processor register.

Processor status

word designator S Opens the PS; must follow an $ or R command.
Go G Starts execution of a program.

Proceed P Resumes execution of a program.

Binary dump Control-shift-S Manufacturing use only.

(Reserved) H Reserved for DIGITAL use.




The parity bit (bit 7) on all input characters is ignored (i.e., not stripped) by console ODT and if the
input character is echoed, the state of the parity bit is copied to the output buffer (XBUF). Output
characters internally generated by ODT (e.g., <CR>) have the parity bit equal to 0. All commands
are echoed except for <LF>.

In order to describe the use of a command, other commands are mentioned before they have been de-
fined. For the novice user, these paragraphs should be scanned first for familiarization and then reread
for detail. The word “location,” as used in the following paragraphs, refers to a bus address, processor
register, or processor status word (PS).

The descriptions of the ODT commands include examples of the printouts that the processor will output
to the console terminal in response to the commands entered by the user. In the examples given, the
processor output is underlined.

3.5.1 / (ASCII 057) - Slash

This command is used to open a bus address, processor register, or processor status word and is nor-
mally preceded by other characters that specify a location. In response to /, ODT will print the con-
tents of the location (six characters) and then a space (ASCII 40). After printing is complete, ODT will
wait for either new data for that location or a valid close command. The space character is issued so
that the location’s contents and possible new contents entered by the user are legible on the terminal.

Example: @00001000/ 012525 <SPACE>

where: @ =ODT prompt character.

00001000 = octal location in the QBus address space desired by the user (leading Os are
not required).

/ =command to open and print contents of location.
012525 =contents of octal location 1000.
<SPACE> = space character generated by ODT.
The / command can be used without a location specifier to verify the data just entered into a previously
opened location. The / produces this result only if it is entered immediately after a prompt character. A
/ issued immediately after the processor enters ODT mode will cause ? <CR>, <LF>, to be printed

because a location has not yet been opened.

Example:  @1000/012525 <SPACE> 1234 <CR> <CR> <LF>

@/001234 <SPACE>

where: first line = new data of 1234 entered into location 1000 and location closed with
<CR>.

second line = a / was entered without a location specifier and the previous location

was opened to reveal that the new contents was correctly entered into
memory.



N -

———— -

3.5.2 <CR> (ASCII 15) - Carriage Return

This command is used to close an open location. If a location’s contents are to be changed, the user
should precede the <CR> with the new data. If no change is desired, <CR> will close the location
without altering its contents.

Example: @R1/004321 <SPACE> <CR> <CR> <LF>

@

Processor register R1 was opened and no change was desired, so the user issued <<CR>. In response to
the <CR>, ODT printed <CR>,<LF>, and @.

Example: ~ @R1/00432]1 <SPACE> 1234 <CR> <CR> <LF>

@

In this casc, the user desired to change R1. The new data, 1234, was entered before the <CR>. ODT
deposited the new data into the open location and then printed <CR>,<LF>, and @. ODT echoes
the <CR> entered by the user before it prints <CR>, <LF>, and @.

3.5.3 <LF> (ASCII 12) - Line Feed

This command is used to close an open location and then open the next contiguous location. Bus ad-
dresses and processor registers will be incremented by two and one, respectively. If the PS is open when
an <LF> is issued, it will be closed and <CR>, <LF>, @ will be printed; no new location will be
opened. If the open location’s contents are to be changed, the new data should precede the <LF>. If
no data is entered, the location is closed without being altered.

Example: ~ @R2/123456 <SPACE> <LF> <CR> <LF>

@R3/054321 <SPACE>

In this case, the user entered <LF> with no data preceding it. In response, ODT closed R2 and then
opened R3. When a user has the last register, R7, open, and issues <LF>, ODT will “roll over” to the
first register, RO. When the user has the last bus address of a 32K-word open segment and issues
<LF>, ODT will open the first location of that segment. If the user wishes to cross the 32K-word
boundary, he/she must reenter the address for the desired 32K-word segment (i.e., ODT is modulo 32K
words).

Example: ~ @R7/000000 <SPACE> <LF> <CR> <LF>

@R0/123456 <SPACE>

or

Example: @577776/000001 <SPACE> <LF> <CR> <LF>

@477776/125252 <SPACE>

Unlike other commands, ODT will not echo the <LF>. Instead, it will print <CR>, then <LF>, in
order that teletype printers would operate properly. In order to make this easier to decode, ODT does
not echo ASCII 0, 2, or 10, but responds to these three characters with ? <CR>, <LF>, @.
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3.5.4 $ (ASCII 044) or R (ASCII 122) - Internal Register Designator

Either character when followed by a register number (0 to 7) or PS designator (S), will open the proces-
sor register specified. The $ character is recognized to be compatible with ODT-11, and the R charac-
ter was introduced for its being one key stroke representative of its function.

Examples: @$0 /000123 <SPACE>

@R7/000123 <SPACE> <LF>

@R0/054321 <SPACE>

If more than one character (digit or S) follows the R or $§, ODT will use the last character as the regis-
ter designator. An exception: if the last three digits equal 077 or 477, ODT will open the PS rather than
R7.

3.5.5 S (ASCII 123) - Processor Status Word Designator
This designator is for opening the processor status word and must be used after the user has entered an
R or $ register designator.

Example: @RS /100377 <SPACE> 0 <CR> <CR> <LF>

@/000010 <SPACE>

Note that the trace bit (bit 4) of the processor status word cannot be modified by the user. This is so in
order that PDP-11 program debugging utilities (e.g., ODT-11), which use the T bit for single-stepping,
will not be accidentally harmed by the user. If the user issues an <LF> while the processor status
word is open, the word is closed and ODT will print a <CR>, <LF>, @: no new location is opened in
this case.

3.5.6 G (ASCII 107) - Go

This command is used to start program execution at a location entered immediately before the G. This
function is equivalent to the LOAD ADDRESS and START switch sequence on other PDP-11 con-
soles.

Example: @200 <NULL> <NULL>

The ODT sequence for a G, after echoing the command character, is as follows.

1. Print two nulls (ASCII 0) so the bus initialize that follows will not flush the G character from
the double buffered UART chip in the serial-line interface.

2. Load R7 (PC) with the entered data. If no data is entered, O is used. (In the above example,
R7 will equal 200 and that is where program execution will begin.)

3. The PS, and FPS (floating-point status) register will be cleared to 0.

4.  The LSI-11 bus is initialized by the processor asserting BINIT L for 12.6 us, negating BI-
NIT L, and then waiting for 110 us.

5. The service state is entered by the processor. Anything to be serviced is processed. If the
BHALT L bus signal is asserted, the processor reenters the console ODT state. This feature
is used to initialize a system without starting a program (R7 is altered). If the user wants to
single-step a program, he/she issues a G and then successive P commands, all done with the
BHALT L bus signal asserted.
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3.5.7 P (ASCII 120) - Proceed
This command is used to resume execution of a program and corresponds to the CONTINUE switch on

other PDP-11 consoles. No machine state visible to the programmer is altered using this command.
Example: @P

Program execution resumes at the place pointed to by R7. After the P is echoed, the ODT state is left
and the processor immediately enters the state to fetch the next instruction. If a HALT request is as-
serted, it is recognized at the end of the instruction (during the service state) and the processor will
enter the ODT state. Upon entry, the contents of the PC (R7) will be printed. In this fashion, a user can
single-step through a program and get a PC “trace” displayed on his/her terminal.

3.5.8 Control-Shift-S (ASCII 23) - Binary Dump
This command is used for manufacturing test purposes and is not a normal user command. It is in-
tended to display a portion of memory more efficiently than the / and <LF> commands do. The pro-

tocol is as follows.
. After a prompt character. ODT receives a control-shift-S command and echoes it.

2. The host system at the other end of the serial line must send two 8-bit bytes which ODT will
interpret as a starting address. These two bytes are not echoed. The first byte specifies start-
ing address <<15:8> and the second byte specifies starting address <<7:0>. Bus address bits
<<21:16> are always forced to 0; the DUMP command is restricted to the first 32K words of
address space.

3. After the second address byte has been received, ODT outputs 10g bytes to the serial line,
starting at the address previously specified. When the output is finished, ODT will print
<CR>, <LF>, @.

If a user accidentally enters this command, it is recommended that, in order to exit from the
command, two @ characters (ASCII 100) be entered as a starting address. After the binary
dump, the user will get the prompt character @.

3.5.9 Reserved Command
An ASCII H (110) is reserved for future use by DIGITAL. If it is accidentally typed, ODT will echo
the H and print a prompt character rather than a ?, which is the invalid character response. No other

operation is performed.

3.6 KDF11-BA ADDRESS SPECIFICATION

The KDF11-BA micro-ODT accepts 18-bit addresses, allowing it to access 248K bytes of memory, plus
the 8K-byte I/O page. All I/O page addresses must be entered by users with a full 18 bits specified.
For example, if a user wishes to open the RCSR of the SLU (serial-line unit), he/she must enter
777560, not 177560.

3.6.1 Processor I/O Addresses

Certain processor and MMU registers have 1/0O addresses assigned to them for programming purposes.
If referenced in ODT, the PS will respond to its bus address, 777776. Processor registers RO through
R7 will not respond (i.e., timeout will occur) to bus addresses 777700 through 777707 if referenced in
ODT.

The MMU contains status registers and PAR/PDR pairs. These registers can be accessed from ODT
by entering their bus address.

Example: @777572/000001 <SPACE>
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3.5.7 P (ASCII 120) - Proceed
This command is used to resume execution of a program and corresponds to the CONTINUE switch on

other PDP-11 consoles. No machine state visible to the programmer is altered using this command.

Example: @P
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interpret as a starting address. These two bytes are not echoed. The first byte specifies start-
ing address <<15:8> and the second byte specifies starting address <7:0>. Bus address bits
<<21:16> are always forced to 0; the DUMP command is restricted to the first 32K words of

address space.

3. After the second address byte has been received, ODT outputs 10g bytes to the serial line,
starting at the address previously specified. When the output is finished, ODT will print
<CR>, <LF>, @.

If a user accidentally enters this command, it is recommended that, in order to exit from the
command, two @ characters (ASCII 100) be entered as a starting address. After the binary
dump, the user will get the prompt character @.

3.5.9 Reserved Command
An ASCII H (110) is reserved for future use by DIGITAL. If it is accidentally typed, ODT will echo
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The KDF11-BA micro-ODT accepts 18-bit addresses, allowing it to access 248K bytes of memory, plus
the 8K-byte /O page. All 1/O page addresses must be entered by users with a full 18 bits specified.
For example, if a user wishes to open the RCSR of the SLU (serial-line unit), he/she must enter
777560, not 177560.

3.6.1 Processor I/O Addresses

Certain processor and MMU registers have /O addresses assigned to them for programming purposes.
If referenced in ODT, the PS will respond to its bus address, 777776. Processor registers RO through
R7 will not respond (i.e., timeout will occur) to bus addresses 777700 through 777707 if referenced in

ODT.

The MMU contains status registers and PAR/PDR pairs. These registers can be accessed from ODT
by entering their bus address.

Example: @777572/000001 <SPACE>
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3.5.7 P (ASCII 120) - Proceed
This command is used to resume execution of a program and corresponds to the CONTINUE switch on
other PDP-11 consoles. No machine state visible to the programmer is altered using this command.

Example: @P

Program execution resumes at the place pointed to by R7. After the P is echoed, the ODT state is left
and the processor immediately enters the state to fetch the next instruction. If a HALT request is as-
serted, it is recognized at the end of the instruction (during the service state) and the ‘processor will
enter the ODT state. Upon entry, the contents of the PC (R7) will be printed. In this fashion, a user can
single-step through a program and get a PC “trace” displayed on his/her terminal.

3.5.8 Control-Shift-S (ASCII 23) - Binary Dump

This command is used for manufacturing test purposes and is not a normal user command. It is in-
tended to display a portion of memory more efficiently than the / and <LF> commands do. The pro-
tocol is as follows.

1. After a prompt character, ODT receives a control-shift-S command and echoes it.

2. The host system at the other end of the serial line must send two 8-bit bytes which ODT will
interpret as a starting address. These two bytes are not echoed. The first byte specifies start-
ing address <<15:8> and the second byte specifies starting address <7:0>. Bus address bits
<21:16> are always forced to 0; the DUMP command is restricted to the first 32K words of
address space.

3. After the second address byte has been received, ODT outputs 10g bytes to the serial line,
starting at the address previously specified. When the output is finished, ODT will print
<CR>, <LF>, @.

If a user accidentally enters this command, it is recommended that, in order to exit from the
command, two @ characters (ASCII 100) be entered as a starting address. After the binary
dump, the user will get the prompt character @.

3.5.9 Reserved Command A
An ASCII H (110) is reserved for future use by DIGITAL. If it is accidentally typed, ODT will echo
the H and print a prompt character rather than a ?, which is the invalid character response. No other

operation is performed.

3.6 KDF11-BA ADDRESS SPECIFICATION

The KDFii-BA micro-ODT accepts i8-bit addresses, aiiowing 1t to access 24¥K bytes of memory, plus
the 8K-byte 1/0O page. All 1/O page addresses must be entered by users with a full 18 bits specified.
For example, if a user wishes to open the RCSR of the SLU (serial-line unit), he/she must enter
777560, not 177560.

3.6.1 Processor 1/O Addresses

Certain processor and MMU registers have /O addresses assigned to them for programming purposes.
If referenced in ODT, the PS will respond to its bus address, 777776. Processor registers RO through
R7 will not respond (i.e., timeout will occur) to bus addresses 777700 through 777707 if referenced in

ODT.

The MMU contains status registers and PAR/PDR pairs. These registers can be accessed from ODT
by entering their bus address.

Example: ~ @777572/000001 <SPACE>
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In this case, memory management status register 0 is opened to show the memory management enable
bit set.

The FP11 accumulators, which are also in the MMU chip, cannot be accessed from ODT. Only FP11
instructions can access these registers.

3.6.2 Stack Pointer Selection

Accessing kernel and user stack pointer registers is accomplished in the following way. Whenever R6 is
referenced in ODT, it accesses the stack pointer specified by the PS current mode bits (PS<<15:14>).
This is done for convenience. If a program operating in kernel mode (PS<<15:14> = 00) is halted, and
R6 is opened, the kernel stack pointer is accessed.

Similarly, if a program is operating in user mode (PS<(15:14 > = 11), the R6 command accesses the
usel stack pointer. If a different stack pointer is desired, PS —15:14>~ must be set by the user to the
appropriate value, and then the R6 command can be used. If an operating program has been halted. the
original value of PS<C15:14> must be restored in order to continue execution.

Example: PS = 140000

@R6/123456 <SPACE> “

The user mode stack pointer has been opened.

@RS /140000 <SPACE> 0 <CR> <CR> <LF>

@R6/123456 <SPACE> <CR> <CR> <LF>

@RS/000000 <SPACE> 140000 <CR> <CR> <LF>

@P

In this case, the kernel mode stack pointer was desired. The PS was opened and PS<<15:14> was set to
00 (kernel mode). Then R6 was examined and closed. The original value of PS<<15:14> was restored,
and then the program was continued using the P command.

If PS<<15:14> are set to 01, another unique register within the processor is accessed. This register is
reserved for future use by DIGITAL.

3.6.3 Entering of Octal Digits .

In general, when the user is specifying an address or data, ODT will use the last six digits if more than
six have been entered. The user need not enter leading Os for either address or data; ODT forces Os as
the default. If an odd address is entered, the low-order bit is ignored, and a full 16-bit word is displayed.

3.6.4 ODT Timeout
If the user specifies a nonexistent address, ODT will respond to the bus timeout by printing 7, <CR>,
<LF>, @.

3.7 INVALID CHARACTERS

In general, any character that ODT does not recognize during a particular sequence is echoed (with the
exception of ASCII codes 0, 2, 10, and 12 as noted earlier) and ODT will print 7, <CR., <LF>, @.
ODT has 10 internal states, with each state having its own set of valid input characters. Some com-
mands are allowed only when in certain states or sequences; thus an attempt has been made to lower the
probability of a user’s unconsciously destroying himself by pressing the wrong key. Table 3-2 defines
the ODT states and valid input characters.




Table 3-2 Console ODT States and Valid Input Characters

State

Example of
Terminal Output

Valid Input

9*

10

TORO
7))

Control-shift-S

@R or @%
S

@1000/123456
<CR>
<LF>

@R1/123456
<CR>
<LF>

@1000

/
G

@R1 or @RS
S

/

@1000/123456 1000
<CR>
<LF>

@R1/123456 1000

<CR>
<LF>

@
@ Control-shift-S

0-7

0-7

0-7

0-7

0-7

/
2 binary bytes

*Indicates previous location was opened.
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CHAPTER 4
EXTENDED LSI-11 BUS

4.1 INTRODUCTION

The processor, memory and /O devices communicate via signal lines that constitute the extended LSI-
11 bus. The extended LSI-11 bus contains 4 additional address lines (BDAL <21:18>) in addition to
the 38 lines of the original LSI-11 bus. The four additional address lines extend the 256K-byte physical
address space of the LSI-11 bus to 4 megabytes. Addresses, 8-bit bytes or 16-bit data words, bus syn-
chronization, and control signals are sent along these 42 lines. Addresses may be either 16, 18, or 22
bits wide, depending on the addressing capability of the processor installed in the system. The 16-bit
data and the first 16 address bits are time-multiplexed over the same 16 data/address lines. Two addi-
tional address bits (<17:16>) and the memory parity bits are also time-multiplexed over two signal
lines. The signal lines are functionally divided as listed in Table 4-1. Refer to Appendix F for a detailed
list of the extended LSI-11 bus signal functions.

The LSI-11 bus lines may be considered transmission lines that are terminated in their characteristic
impedance (Z) at both the near and far ends of the bus. The near end of the bus is defined as the first
bus interface slot in the backplane, the far end is the last bus interface slot.

Table 4-1 Summary of Signal Line Functions

Quantity Function Bus Signal Mnemonic
16 Data/address lines BDAL<15:00>
2 Memory parity/address lines BDAL<17;16>
4 Address lines BDAL<21:18>
6 Address and data transfer BSYNC, BDIN, BDOUT,
control lines BWTBT, BBS7, BRPLY
3 Direct memory access (DMA) BDMR, BDMG, BSACK
control lines
5 Interrupt control lines BIRQ4, BIRQS, BIRQ6,
BIRQ7, BIAK
6 System control lines BPOK, BDCOK, BINIT,
BHALT, BREF, BEVNT
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Most LSI-11 bus signals are bidirectional and use a terminating resistor network connected between
+5 V and ground to provide a negated (high) signal level. Devices may be connected to any point along
the bus to receive signals from the near or far end of the bus via high-impedance bus receivers, or to
transmit signals to the near or far end through gated open-collector bus drivers. A bus driver asserts a
signal by causing the line to go from a high level (approximately 3.4 V) to a low level (approximately
0.5 V). Although bidirectional lines are electrically bidirectional, certain lines carry signals that are
functionally unidirectional. The functionally unidirectional lines carry signals that are required to travel
in only one direction. For example, when a device asserts a bus request signal (BIRQ), the signal always
travels from the requesting device to the processor and never in the reverse direction.

The interrupt acknowledge (BIAK) and direct memory access grant (BDMG) signals are physically
unidirectional signals that are wired to each LSI-11 bus slot in a daisy-chain scheme. These signals are
generated by the processor in response to interrupt and direct memory access requests and are trans-
mitted to the bus via output signal pins. Each of the output signals (BIAKO or BDMGO) is received on
a device input pin (BIAKI or BDMGI) and conditionally retransmitted via a device output pin
(BIAKO or BDMGO). These signals are received from higher-priority devices and retransmitted to
lower-priority devices on the bus. DMA and I/O interrupt priorities are discussed in Pargaraphs 4.4
and 4.5.1.

Bus Master/Slave Relationship

Communication between devices on the bus is asynchronous. A master/slave relationship exists
throughout each bus transaction. At any time, there is one device that has control of the bus. This con-
trolling device is termed the “‘bus master.” The master device controls the bus when communicating
with another device on the bus, termed the “slave.” The bus master (typically the KDF11-BA processor
or a DMA device) initiates a bus transaction. The slave device responds by acknowledging the transac-
tion in progress and by receiving data from, or transmitting data to, the bus master. The extended LSI-
11 bus control signals transmitted or received by the bus master or bus slave device must complete the
sequence according to the protocol established for transferring address and data information. The pro-
cessor controls bus arbitration (i.e., “decides” which device is to be bus master at any given time).

A typical example of a master/slave relationship has the processor, as master, fetching an instruction
from memory which is always a slave). Another example is a disk drive, as master, transferring data to
memory, again, as the slave. Any device except the processor can be master or slave depending on the
circumstances. Communication on the extended LSI-11 bus is interlocked; therefore, for each control
signal issued by the master device, there must be a response from the slave in order to complete the
transfer. It is the master/slave signal protocol that makes the extended LSI-11 bus asynchronous. The
asynchronous operation allows both fast and slow devices to use the bus and eliminates the need for
synchronizing clock pulses between the bus master and slave device.

Since bus cycle completion by the bus master requires response from the slave device, each bus master
must include a timeout error circuit that will abort the bus cycle if the slave device does not respond to
the bus transaction within 10 us. The KDF11-BA has a bus timer that restarts the clock when no device
responds to BDIN L or BDOUT L within 10 us. An immediate trap to location 4g occurs. The slowest
peripheral or memory device must respond in less than 10 us to prevent a bus timeout error.

4.2 BUS SIGNAL NOMENCLATURE
Throughout the following protocol specifications, bus signals are referred to in several different ways.

1. In general discussions where timing, polarity, and physical location are unimportant, the base
signal name without any prefixes or suffixes is used. For example:

SYNC, WTBT. BS7, DAL <21:00> or the DAL lines



2. Most signals on the backplane etch are asserted low and referred to with a prefix character
B, and a suffix (space) L. For example:

BSYNC L, BWTBT L, BBS7 L, BDAL<21:00> L
BPOK H and BDCOK H are asserted high.

3. Receivers and drivers are considered part of the bus. Signal inputs to drivers are referred to
with a prefix character T for transmit. For example:

TSYNC, TWTBT, TBS7, TDAL <21:00>

4. Signal outputs of receivers are referred to with a prefix character R for received. For
example:

RSYNC, RWTBT, RBS7, RDAL <21:00>>

Whenever timing is important, the designations in items 3 and 4 above are used to reference timing to a
receiver output or driver input. For example, after receipt of the negation of RDIN, the slave negates
its TRPLY (0 ns minimum, 8000 ns maximum). It must maintain data valid on its TDAL lines until O
ns (minimum) after the negation of RDIN, and must negate its TDAL lines 100 ns (maximum) after
the negation of its TRPLY.

4.3 DATA TRANSFER BUS CYCLES

Data is transferred between a bus master and slave device to accomplish various functions. The data
transfer bus cycles and their functions are described in Table 4-2.

Table 4-2 Data Transfer Bus Cycles

Bus Cycle Function (with respect
Mnemonic Description to the bus master)
DATI Data word input Read

DATO Data word output Write

DATOB Data byte output Write byte

DATIO Data word input/output Read-modify-write
DATIOB Data word input/byte output Read-modify-write byte

These bus cycles, executed by bus master devices, transfer 16-bit words or 8-bit bytes to or from slave
devices. The data to be written in the destination byte during byte output operations is valid on the
appropriate BDAL lines. For example, BDAL<15:08> contains the high byte, and BDAL <07:00>
contains the low byte. Table 4-3 describes the bus signals used in a data transfer operation.

Data transfer bus cycles can be reduced to three basic types: DATI, DATO(B) and DATIO(B). These
transactions occur between the bus master and one slave device selected during the addressing portion
of the bus cycle.
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Table 4-3 Data Transfer Bus Signals

Mnemonic Description Function

BDAL <21:00>| 22 Data/address lines BDAL <21:18> L are used for 22-bit extended address-
L ing; BDAL<C17:16> L are used for 18-bit extended ad-
dressing, memory parity error, and memory parity error
enable functions; BDAL <15:00> L are used for 16-bit
addressing, word and byte transfers.

BSYNC L Synchronize Strobe signals
BDIN L Data input strobe

BDOUT L Data output strobe

BRPLY L Reply

BWTBT L Write/byte control Control signals
BBS7 L. Bank 7 select

4.3.1 Bus Cycle Protocol
Before initiating a bus cycle, the previous bus transaction must have been completed (BSYNC L ne-

gated) and the device must become bus master. The bus cycle is divided into two parts: an addressing
portion, and a data transfer portion. During the addressing portion, the bus master outputs the address
for the desired slave device (memory location or device register). The selected slave device responds by
latching the address bits and holding this condition for the duration of the bus cycle (until BSYNC L
becomes negated). During the data transfer portion of the bus cycle, the operations performed will vary
slightly, depending on the type of data transfer desired. Paragraphs 4.3.1.2 through 4.3.1.4 describe the
data transfer portion of the various bus cycles.

4.3.1.1 Device Addressing — The device addressing portion of a data transfer bus cycle comprises an
address setup/deskew time and an address hold/deskew time. During the address setup/deskew time

the bus master does the following.

1. Asserts TDAL<21:00> with the desired slave device address bits.

2. Asserts TBS7 if a device in the 1/O page is being addressed.

3. Asserts TWTBT if the cycle is a DATO(B) bus cycle.

4. Asserts TSYNC 150 ns (minimum) after gating TDAL, TBS7, and TWTBT onto the bus.
During this time the address, RBS7, and RWTBT signals are asserted at the slave bus receiver for at
least 75 ns before RSYNC becomes active. Devices in the 1/O page ignore the 9 high-order address

bits RDAL<21:13> and instead decode RBS7 along with the 13 low-order address bits. An active
RWTRBT signal indicates that a DATO(B) operation follows, while an inactive RWTBT indicates a

DATI or DATIO(B) operation.
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The address hold/deskew time begins after RSYNC is asserted. The slave device uses the active
RSYNC to clock RDAL address bits, RBS7 and RWTBT, into its internal logic. RDAL<<21:00>,
RBS7, and RWTBT will remain active for 25 ns (minimum) after the RSYNC becomes active.
RSYNC remains active for the duration of the bus cycle.

Memory and peripheral devices are addressed similarly, except for the way they respond to RBS7. Ad-
dressed peripheral devices must not decode address bits on RDAL <17:13>. Addressed peripheral de-
vices may respond to a bus cycle only when RBS7 is asserted during the addressing portion of the cycle.
When asserted, RBS7 indicates that the device address resides in the 1/O page (the upper 8K-byte
address space). Memory devices generally do not respond to addresses in the I/O page; however, some
system applications may permit memory to reside in the 1/O page for use as DMA buffers, read-only
memory bootstraps or diagnostics, etc.

4.3.1.2 DATI - The DATI bus cycle is a read operation that inputs data from the slave device to the
bus master. The operations performed by the bus master and slave device during a DATI are shown in
Figure 4-1. The DATI bus cycle timing is shown in Figurc 4-2. Data consists of 16-bit word transfers
over the bus. During the data transfer portion of the DATI bus cycle, the bus master asserts TDIN 100
ns (minimum) after it asserts TSYNC. The slave device responds to RDIN active by asserting:

1. TRPLY after receiving RDIN and 125 ns (maximum) before TDAL bus driver data bits are
valid.

2. TDAL<17:00> L with the addressed data and error information.
When the bus master receives RRPLY, it does the following.

1.  Waits at least 200 ns deskew time and then accepts input data at RDAL<15:00> bus re-
ceivers. RDAL <17:16> are monitored for a possible parity error indication.

2. Negates TDIN 150 ns (minimum) after RRPLY becomes active.
The slave device responds to RDIN negation by negating TRPLY and removing read data from TDAL
bus drivers. TRPLY must be negated 100 ns (maximum) prior to removal of read data. The bus master
responds to the negated RRPLY by negating TSYNC.
Conditions for the next TSYNC assertion are as follows.

1.  TSYNC must remain negated for 200 ns (minimum).

2. TSYNC must not become asserted within 300 ns of the previous RRPLY negation.
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BUS MASTER SLAVE
(PROCESSOR OR DEVICE) (MEMORY OR DEVICE)

ADDRESS DEVICE MEMORY

® ASSERT BDAL <21:00> L WITH
ADDRESS AND

e ASSERT BBS7 IF THE ADDRESS
IS IN THE I/0O PAGE

e ASSERT BSYNC L

-
_
_
DECODE ADDRESS
o STORE“DEVICE SELECTED"
OPERATION
/ / -
/ /
REQUEST DATA -
+ REMOVE THE ADDRESS FROM
BDAL <21:00>> L AND NEGATE BBS7
L
« ASSERT BDIN L —_
—_—
_
INPUT DATA
o PLACE DATA ON BDAL < 15:00> L
/ - ASSERT BRPLY L
/
/
TERMINATE INPUT TRANSFER
« ACCEPT DATA AND RESPOND
BY NEGATING BDIN L
—
_
_
T
TERMINATE BUS CYCLE OPERATION COMPLETED
o NEGATE BSYNC L -— « NEGATE BRPLY L

MR 6028

Figure 4-1 DATI Bus Cycle
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T SYNC MIN /4 200ns MIN
CLOCK DATA
—{ 100ns MIN f¢—————— 200ns MIN
8uS MAX fe— 200ns MIN —
T DIN /
300ns MIN
R RPLY
150ns MIN  f@—
"l - l-—IOOns MIN
T BS7 (4) *X (4)
TWTBT  (4) /< (4

TIMING AT MASTER DEVICE

R/TDAL  (4) x R ADDR >< (4) X T DATA x (4)

— ;sl:f L— — le— 125ns MAX — l* 100ns MAX, Ons MIN
RSYNC / N
Ons MIN —
75ns g le———— 200ns MIN
MIN 150ns MIN -»f
RDIN \
; 300ns MIN —————»|
TRPLY
_.! le— 75ns MIN
RBS7  (4) X (4
> 25ns MIN
RWTBT  (4) A\ /< (4)
TIMING AT SLAVE DEVICE
NOTES:
1. TIMING SHOWN AT MASTER AND SLAVE DEVICE 3. BUS DRIVER OUTPUT AND BUS RECEIVER INPUT
BUS DRIVER INPUTS AND BUS RECEIVER OUTPUTS.  SIGNAL NAMES INCLUDE A “B" PREFIX.
2. SIGNAL NAME PREFIXES ARE DEFINED BELOW: 4. DON'T CARE CONDITION.

T =BUS DRIVER INPUT
R = BUS RECEIVER OUTPUT

MR-6037

Figure 4-2 DATI Bus Cycle Timing



4.3.1.3 DATO(B) - DATO(B) is a write operation. Data is transferred in 16-bit words (DATO) or 8-
bit bytes (DATOB) from the bus master to the slave device. The data transfer output can occur after
the addressing portion of a bus cycle when TWTBT has been asserted by the bus master, or immedi-
ately following an input transfer part of a DATIO(B) bus cycle. The operations performed by the bus
master and slave device during a DATO(B) bus cycle are shown in Figure 4-3. The DATO(B) bus cycle
timing is shown in Figure 4-4.

BUS MASTER SLAVE
(PROCESSOR OR DEVICE) (MEMORY OR DEVICE)

ADDRESS DEVICE/MEMORY

ASSERT BDAL <21:00> L WITH
ADDRESS AND

ASSERT BBS7 L IF ADDRESS IS

IN THE 1/0 PAGE

ASSERT BWTBT L (WRITE

CYCLE)

ASSERT BSYNC L —_—

T -
DECODE ADDRESS
. “DEVICE SELECTED"
__—* STORE "DEVICE'S
_— OPERATION
/
—

—

OUTPUT DATA -

¢ REMOVE THE ADDRESS FROM
BDAL <21:00> L AND NEGATE BBS7 L
* NEGATE BWTBT L UNLESS DATOB
e PLACE DATA ON BDAL < 15:00> L
e ASSERT BDOUT L —
— —_
\

T

TAKE DATA
* RECEIVE DATA FROM BDAL
LINES
—— * ASSERT BRPLY L
/
/ /
TERMINATE OUTPUT TRANSFER -
* NEGATE BDOUT L (AND BWTBT L
IF A DATOB BUS CYCLE)
e REMOVE DATA FROM BDAL <15:00> L____
—_—

~
OPERATION COMPLETED

__—* NEGATE BRPLY L

TERMINATE BUS CYCLE
o NEGATE BSYNC L

MR- 6029

Figure 4-3 DATO or DATO(B) Bus Cycle
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—.I Ons MIN r—
T DAL (4) X T ADDR >< T DATA X (4)
! 150ns 100ns — 100ns I °
MIN MIN | MIN
TSYNC / \ /

le— Bus ,.I t&— 175ns MIN je—— 200ns MIN ————

MAX

T DOUT

150ns MlN—’I L 300ns MIN  ———
R RPLY /

100ns MIN

T BS7 (4) x T (4)

—’l 150ns MIN ~ j@—
\ ASSERTION = BYTE X (4)
LISOns MiN - 1000 L- ——l 100ns MIN L—

MIN

TWTBT (4)

TIMING AT MASTER DEVICE

R DAL (4) X R ADDR x R DATA X (4)

— 25ns MIN —& L—25ns MIN

Y / L—
RSYNC / J 25ns le——— 100ns MIN _’L— /——

MIN 150ns MIN —
75ns
MIN *

N
2 —a| 150ns MIN  ja—\ r——— 300ns MIN ————J
ns__.[

R DOUT

MIN

—-I 75ns MIN  j&—

R BS7 (4) 3( (4)
25ns MIN L — r— 25ns MIN

RWTBT  (4) \[ ASSERTION = BYTE X (@)
L— 7505 __ o L— 26ns MIN

MIN

T RPLY

TIMING AT SLAVE DEVICE

NOTES:
1. TIMING SHOWN AT MASTER AND SLAVE DEVICE 3. BUS DRIVER OUTPUT AND BUS RECEIVER INPUT
BUS DRIVER INPUTS AND BUS RECEIVER OUTPUTS. SIGNAL NAMES INCLUDE A "B PREFIX.
2. SIGNAL NAME PREFIXES ARE DEFINED BELOW: 4. DON'T CARE CONDITION.

T = BUS DRIVER INPUT
R = BUS RECEIVER QUTPUT

MR-1179

Figure 4-4 DATO or DATO(B) Bus Cycle Timing
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The data transfer portion of a DATO(B) bus cycle comprises a data setup/deskew time and a data
hold/deskew time. During the data setup/deskew time, the bus master outputs the data on
TDAL<15:00> 100 ns (minimum) after TSYNC is asserted. If it is a word transfer, the bus master
negates TWTBT while gating data onto the bus. If the transfer is a byte transfer, the bus master asserts
TWTBT while gating data onto the bus. During a byte transfer, the condition of BDAL 00 L during the
address cycle selects the high or low byte. If asserted, the high byte (BDAL<15:08> L) is selected;
otherwise, the low byte (BDAL<<07:00> L) is selected. An asserted BDAL 16 L at data transfer time
will force a parity error to be written into memory if the memory is a parity-type memory. BDAL 17 L
is not used for write operations. The bus master asserts TDOUT L 100 ns (minimum) after the TDAL
and TWTBT bus driver inputs are stable. The slave device responds to RDOUT by accepting the input
data and asserting TRPLY (8 us maximum to avoid bus timeout). This completes the data se-
tup/deskew time. During the data hold/deskew time the bus master negates TDOUT 150 ns (min-
imum) after the assertion of RRPLY. TDAL<21:00> bus drivers remain stable for at least 100 ns
after TDOUT negation. The bus master then negates TDAL inputs.

During this time, the slave device senses RDOUT negation and negates TRPLY. The bus master re-
sponds by negating TSYNC. However, the processor will not negate TSYNC for at least 175 ns after
negating TDOUT. This completes the DATO(B) bus cycle. Before the next cycle, TSYNC must re-
main unasserted for at least 200 ns. Also, TSYNC may not assert until 300 ns (minimum) after
RRPLY negates.

4.3.1.4 DATIO(B) - The protocol for a DATIO(B) bus cycle is identical to the addressing and data
transfer portions of the DATI and DATO(B) bus cycles. After addressing the device, a DATI cycle is
performed as explained in Paragraph 4.3.1.2; however, TSYNC is not negated. TSYNC remains active
for an output word or byte transfer [DATO(B)]. The bus master maintains at least 200 ns between
RRPLY negation during the DATI cycle and TDOUT assertion. The cycle is terminated when the bus
master negates TSYNC, which follows the same protocol as described for DATO(B). The operations
performed by the bus master and slave device during a DATIO or DATIO(B) bus cycle are shown in
Figure 4-5. The DATIO and DATIO(B) bus cycle timing is shown in Figure 4-6.

4.4 DIRECT MEMORY ACCESS (DMA)

The direct memory access (DMA) capability allows direct data transfers between 1/O devices and
memory. This is useful when using mass storage devices (e.g., disk drives) that move large blocks of
data to and from memory. A DMA device only needs to know the starting address in memory, the
starting address in mass storage, the length of the transfer, and whether the operation is read or write.
When this information is available, the DMA device can transfer data directly to or from memory.
Since most DMA devices must perform data transfers in rapid succession or lose data, DMA requests
are assigned the highest priority level.

DMA is accomplished after the processor (normally bus master) has passed bus mastership to the high-
est-priority DMA device that is requesting the bus. The processor arbitrates all requests and grants the
bus to the DMA device located electrically closest to the processor. A DMA device remains bus master
until it relinquishes its mastership. The following control signals are used during bus arbitration.

BDMGI L DMA Grant Input
BDMGO L DMA Grant Output
BDMR L DMA Request Line
BSACK L Bus Grant Acknowledge



. BUS MASTER SLAVE

i (PROCESSOR OR DEVICE) (MEMORY OR DEVICE)
H ADDRESS DEVICE/MEMORY

‘ ® ASSERT BDAL <21:00> L WITH
g ADDRESS

® ASSERT BBS7 L IF THE

i ADDRESS IS IN THE 1/0 PAGE
b ® ASSERT BSYNC L
{ = ™ bECODE ADDRESS
e STORE “DEVICE SELECTED"

/ OPERATION
‘ P e -
\ REQUEST DATA

e REMOVE THE ADDRESS FROM
) BDAL <21:00> L

® ASSERTBDIN L —_——

T NPUT DATA

i e PLACE DATA ON BDAL <15:00> L
e ASSERT BRPLY L

TERMINATE INPUT TRANSFER
® ACCEPT DATA AND RESPOND BY
TERMINATING BDIN L

’ T —
¢ COMPLETE INPUT TRANSFER
g e REMOVE DATA
/ e NEGATE BRPLY L
{ -
[ OUTPUT DATA
’ e PLACE OUTPUT DATA ON BDAL < 15:00> L
f e (ASSERT BWTBT L IF AN OUTPUT
y BYTE TRANSFER)
} e ASSERT BDOUT L -
} -
, TAKE DATA
e RECEIVE DATA FROM BDAL LINES

' ® ASSERT BRPLY L
] ’/
i _ -

‘ -

TERMINATE OUTPUT TRANSFER
e REMOVE DATA FROM BDAL LINES
e NEGATE BDOUT L

-
. T - -
: OPERATION COMPLETED
' ® NEGATE BRPLY L

— - - -
-

TERMINATE BUS CYCLE
e NEGATEBSYNCL
(AND BWTBT L IF IN
A DATIOB BUS CYCLE)

MR-6030

Figure 4-5 DATIO or DATIO(B) Bus Cycle
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r— 150ns MIN

—-I

r— Ons MIN

E_.IXT AD;)L (4) XR DATA X

R/T DAL (4) X T DATA X (4)
100ns 200ns L— l
MIN —o lo— — MAX l — 100ns MIN
TSYNC J
100ns MIN Sl
le— 200ns MIN
T DOUT 200ns MIN —o
7 \
&~ 200ns MIN —-‘
T DIN /
300ns
\/ J MIN *
R RPLY / /
\
150ns | o
MIN
T BS7 x ><
— l&— 100ns MIN —{ 100ns MIN Ik
TWTBT (4>\‘ (4) )( ASSERTION = BYTE X (4)
—’] [4— 150ns MIN
TIMING AT MASTER DEVICE
RT/DAL  (4) XR ADDRx (4) x T DATA >< (4) >< R DATA )( (4)
—» 25ns MIN I I l — L— 25ns MIN
RSYNC / —» I—- 100ns MAX _.I \ /
«— 75ns MIN 25ns MIN l-— —#{ 100ns MIN
125ns
R DOUT ™ max o 150ns MIN e~
je— 200ns MIN ——
R DIN WL
) |-— 150ns MIN —» / l@— 300ns MIN —
T RPLY Q\ “L
——l l&— 75ns MIN
R BS7 >< ><
|
—-I fe— 75ns MIN cl le— 25ns MIN l- 25ns MIN
RWTBT (4>\ (4) >< ASSERTION = BYTE x (4)
25ns MIN

NOTES:
1. TIMING SHOWN AT REQUESTING DEVICE
BUS DRIVER INPUTS AND BUS RECEIVER OUTPUTS

N

SIGNAL NAME PREFIXES ARE DEFINED BELOW:

T = BUS DRIVER INPUT

R = BUS RECEIVER OUTPUT

TIMING AT SLAVE DEVICE

4. DON'T CARE CONDITION.

3. BUS DRIVER OUTPUT AND BUS RECEIVER INPUT
SIGNAL NAMES INCLUDE A “B” PREFIX.

MR 6036

Figure 4-6 DATIO or DATIO(B) Bus Cycle Timing
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A DMA transaction is divided into three phases: the bus mastership acquisition phase, the data transfer
phase, and the bus mastership relinquish phase. The operations performed by the processor and bus
master during the DMA request/grant sequence are shown in Figure 4-7. The DMA request/grant bus
cycle timing is shown in Figure 4-8.

During the bus mastership acquisition phase, a DMA device requests the bus by asserting TDMR. The
processor arbitrates the request and initiates the transfer of bus mastership by asserting TDMGO. The
maximum time between BDMR L assertion by the DMA device and BDMGO L assertion by the pro-
cessor is DMA latency. This time is processor-dependent. The KDF11-BA asserts TDMGO 1.4 us

(maximum) after the assertion of RDMR.

BDMGO L/BDMGI L is one of two signals that are daisy-chained through each module in the back-
plane. The signal is driven out of the processor on the BDMGO L pin, enters each module on the
BDMGI L pin and exits on the BDMGO L pin. This signal passes through the modules in descending
order of priority until it is stopped by the requesting device. The requesting device blocks the output of
BDMGO L and asserts TSACK. If no device responds to the DMA grant, the processor will clear the
grant and rearbitrate the bus.

NOTE
The KDF11-BA uses a “NO-SACK” timer, which
clears BDMGO L if BSACK L is not received from
the DMA device within 10 us.

During the data transfer phase, the DMA device continues asserting BSACK L. If multiple-data trans-
fers are performed during this phase, consideration must be given to the use of the bus for other system
functions, such as memory refresh (if required). The actual data transfer is performed in the same man-
ner as the data transfer portion of DATI, DATO(B) and DATIO(B) bus cycles described in Paragraphs
4.3.1.2 through 4.3.1.4.

The DMA device can assert TSYNC L for a data transfer 0 ns (minimum) after it receives RDMGI L,
250 ns (minimum) after RSYNC is negated, and 300 ns (minimum) after RRPLY is negated.

During the bus mastership relinquish phase the DMA device relinquishes the bus by negating TSACK.
This occurs after the last data transfer cycle (RRPLY negated) is completed (or aborted). TSACK may
be negated up to 300 ns (maximum) before negating TSYNC.

4.5 INTERRUPTS

The interrupt capability of the LSI-11 bus allows any I/O device to suspend temporarily (interrupt)
current program execution and divert processor operation for service of the requesting device. The pro-
cessor inputs a vector from the device to start the service routine (handler). As with a device register
address, the hardware fixes the device vector at locations within a designated range of addresses be-
tween 000 and 777g. The vector indicates the first of a pair of addresses. The content of the first ad-
dress is read by the processor; it is the starting address of the interrupt handler. The content of the
second address is a new processor status word (PS). The PS bits <07:05> can be programmed to a
priority level from O to 7g. Only interrupts on a level higher than the number in the priority level field
of the PS are serviced by the processor. If the interrupt priority level of the new PS is higher than that
of the original PS, the new PS raises the interrupt priority level and thus prevents lower-level interrupts
from breaking into the current interrupt service routine. Control is returned to the interrupted program
when the interrupt service routine is completed. The original (interrupted) program’s address (PC) and
its associated PS are stored on a “‘stack.” The original PC and PS are restored by a return from inter-
rupt instruction (RTI or RTT) at the end of the service routine. The use of the stack and the LSI-11 bus
interrupt scheme can allow interrupts to occur within interrupts (nested interrupts) if the requesting
interrupt has a higher priority level than the interrupt currently being serviced.
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KDF11-BA PROCESSOR
(MEMORY IS SLAVE)

GRANT BUS CONTROL

e NEAR THE END OF THE
CURRENT BUS CYCLE
(BRPLY L IS NEGATED),
ASSERT BDMGO L AND
INHIBIT NEW PROCESSOR
GENERATED BYSNC L FOR
THE DURATION OF THE
DMA OPERATION.

TERMINATE GRANT
SEQUENCE
e NEGATE BDMGO L AND

WAIT FOR DMA OPERATION ~—

TO BE COMPLETED

RESUME PROCESSOR

OPERATION

e ENABLE PROCESSOR-
GENERATED BSYNC L
(PROCESSOR IS BUS
MASTER) OR ISSUE

ANOTHER GRANT IF BDMR

L IS ASSERTED

BUS MASTER
(CONTROLLER)

REQUEST BUS
e ASSERT BDOMR L

ACKNOWLEDGE BUS

MASTERSHIP

* RECEIVE BDMG

e WAIT FOR NEGATION OF
BSYNC L AND BRPLY L

e ASSERT BSACK L

* NEGATE BDMR L

EXECUTE A DMA DATA

TRANSFER

¢ ADDRESS MEMORY AND
TRANSFER UP TO 4 WORDS
OF DATA AS DESCRIBED
FOR DATI. OR DATO BUS
CYCLES

e RELEASE THE BUS BY
TERMINATING BSACK L
(NO SOONER THAN
NEGATION OF LAST BRPLY
L) AND BSYNC L.

WAIT 4 us OR UNTIL
ANOTHER FIFO TRANSFER
IS PENDING BEFORE
REQUESTING BUS AGAIN.

MR-6031

Figure 4-7 DMA Request/Grant Sequence



SECOND
REQUEST
—-i le— DMA LATENCY

—rr T T7T 777777 T T 7
T DMR \L//////////// /7 7 17
L_ L L L L L L L L L y/ L L ya ya
——1 Ons MIN
—_———
R DMG .

N

T SACK \.
—

250ns MIN — l‘-— I-— 300ns MAX
wreme NN NN N

L« 250ns MIN ——f OnsMIN —#f  fe—
+ 300ns MIN ——— i
R/T RPLY \ AN NN
ANEAN \ / \
— Ons MIN
— 100ns MAX
—> Ons MIN
T DAL /( ADDR x DATA x

(ALSO BS7,
WTBT, REF)
NOTES:
1. TIMING SHOWN AT REQUESTING DEVICE BUS DRIVER INPUTS
AND BUS RECEIVER OUTPUTS.

2. SIGNAL NAME PREFIXES ARE DEFINED BELOW:
T = BUS DRIVER INPUT
R = BUS RECEIVER OUTPUT

3. BUS DRIVER OUTPUT AND BUS RECEIVER INPUT SIGNAL NAMES
INCLUDE A "B PREFIX.

MR 3690

Figure 4-8 DMA Request/Grant Bus Cycle Timing

Interrupts can be caused by LSI-11 bus options and can also originate in the processor. Interrupts origi-
nating in the processor are called “traps” and are caused by programming errors, hardware errors, spe-
cial instructions, and maintenance features. The following are the LSI-11 bus signals used in interrupt
transactions.

BIRQ4 L Interrupt request priority level 4
BIRQS L Interrupt request priority level 5
BIRQ6 L Interrupt request priority level 6
BIRQ7 L Interrupt request priority level 7
BIAKI L Interrupt acknowledge input
BIAKO L Interrupt acknowledge output
BDAL <15:00> L Data/address lines

BDIN L Data input strobe

BRPLY L Reply
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4.5.1 Device Priority
The LSI-11 bus supports the following two methods of determining device priority.

1. Distributed arbitration — Priority levels are implemented on the hardware. When devices of
equal priority level request an interrupt, priority is given to the device electrically closest to
the processor.

2. Position-defined arbitration — Priority is determined solely by electrical position on the bus.
The device closest to the processor has the highest priority while the device at the far end of
the bus has the lowest priority.

The KDF11-BA uses both methods — distributed arbitration, with four levels of priority, and position-
defined arbitration within each level. Interrupts on these priority levels are enabled/disabled by bits in
the processor status word (PS<<07:05>). Single-level interrupt (position-defined) devices that interrupt
on BIRQ4 can also be used in KDF11-BA systems but must be placed in a bus slot following the last
bus slot in which a position-independent device is installed.

4.5.2 Interrupt Protocol

Interrupt protocol has three phases: the interrupt request phase, the interrupt acknowledge and priority
arbitration phase, and the interrupt vector transfer phase. The operations performed by the processor
and interrupting device are shown in Figure 4-9. Interrupt protocol timing is shown in Figure 4-10.

The interrupt request phase begins when a device meets its specific conditions for interrupt requests;
for example, when the device is “ready,” “done,” or when an error has occurred. The interrupt enable
bit in a device status register must be set. The device then initiates the interrupt by asserting the inter-
rupt request line(s). BIRQ4 L is the lowest hardware priority level and is asserted for all interrupt
requests for compatibility with previous LSI-11 processors. The level at which a device is configured
must also be asserted. (A special case exists for level-7 devices that must also assert level 6.) The inter-
rupt request line remains asserted until the request is acknowledged.

Interrupt Level Lines Asserted by Device

4 BIRQ4 L

5 BIRQ4 L, BIRQS L

6 BIRQ4 L, BIRQ6 L

7 BIRQ4 L, BIRQ6 L, BIRQ7 L

During the interrupt acknowledge and priority arbitration phase, the KDF11-BA will acknowledge in-
terrupts under the following conditions.

1. The device interrupt priority is higher than the current priority level stored in PS<<07:05>.

2. The processor has completed instruction execution and no additional bus cycles are pending.

The processor acknowledges the interrupt request by asserting TDIN and, 225 ns (minimum) later,
asserting TIAKO. The device electrically closest to the processor receives the acknowledge on its
RIAKI bus receiver.



On the leading edge of RDIN, each bus option capable of requesting interrupts decides whether to
accept or to pass on the RIAKI signal. A device that does not support position-independent, multilevel
interrupts will accept RIAKI if it is requesting an interrupt when RDIN asserts. A device that does
support position-independent, multilevel interrupts accepts RIAKI if it is requesting an interrupt and if
there is no higher-priority request pending when RDIN asserts. This decision must be clocked into a
flip-flop, which settles within 150 ns of TDIN.

PROCESSOR DEVICE

INITIATE REQUEST
——* ASSERT BIRQ L

//
/ /
STROBE INTERRUPTS -
o ASSERT BDIN L
| T
- \
| —_
T
I RECEIVE BDIN L
« STORE “INTERRUPT SENDING”
‘ IN DEVICE
GRANT REQUEST
o PAUSE AND ASSERT BIAKO L
—
—_
—_
T
RECEIVE BIAKI L
« RECEIVE BIAKI L AND INHIBIT
BIAKO L
o PLACE VECTOR ON BDAL < 15:00 > L
e ASSERT BRPLY L
_—+ NEGATE BIRQ L
—_—
/ /
RECEIVE VECTOR & TERMINATE
REQUEST
o INPUT VECTOR ADDRESS
« NEGATE BDIN L AND BIAKO L
— -
—_—
-
COMPLETE VECTOR TRANSFER
« REMOVE VECTOR FROM BDAL BUS
_+ NEGATE BRPLY L
—_— - -
-—

PROCESS THE INTERRUPT

e SAVE INTERRUPTED PROGRAM
PC AND PS ON STACK

* LOAD NEW PC AND PS FROM
VECTOR ADDRESSED LOCATION

e EXECUTE INTERRUPT SERVICE
ROUTINE FOR THE DEVICE

MR-1182

Figure 4-9 Interrupt Request/Acknowledge Sequence
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INTERRUPT LATENCY
MINUS SERVICE TIME

TIRQ

——I 150ns MIN  f&—
R DIN /

R IAKI

TRPLY \

——I 125ns MAX  je— ’-—100nsMAx
T DAL (4) )C VECTOR X (4)

R SYNC (UNASSERTED)

R BS7 (UNASSERTED)

NOTES:
1. TIMING SHOWN AT REQUESTING DEVICE BUS DRIVER INPUTS
AND BUS RECEIVER OUTPUTS.

2. SIGNAL NAME PREFIXES ARE DEFINED BELOW:
T =BUS DRIVER INPUT
R =BUS RECEIVER OUTPUT

3. BUS DRIVER OUTPUT AND BUS RECEIVER INPUT SIGNAL NAMES
INCLUDE A “B” PREFIX.

4. DON'T CARE CONDITION.

MR- 1183

Figure 4-10 Interrupt Protocol Timing
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Devices that support position-independent, multilevel interrupts assert from one to three IRQ lines
when requesting an interrupt. Table 4-4 presents the IRQ lines a device at each level must assert in
order to request an interrupt, and the lines it must monitor to determine whether a higher-priority de-
vice is requesting an interrupt.

Table 4-4 Position-Independent, Multilevel Device Requirements

Interrupt Level IRQ Lines Asserted IRQ Lines Monitored
4 TIRQ4 RIRQS, RIRQ6

5 TIRQ4, TIRQS RIRQ6

6 TIRQ4, TIRQ6 RIRQ7

7 TIRQ4, TIRQ6, TIRQ7

During the interrupt vector transfer phase, the responding interrupt device receives RIAKI and then
asserts TRPLY. The vector address must be stable at TDAL<<08:02> 125 ns (maximum) after
TRPLY is asserted. The processor receives the assertion of RRPLY, and 200 ns (minimum) later it
inputs the vector address and negates both TDIN and TIAKI. The interrupting device negates TRPLY
after the negation of RIAKI and removes the vector address from TDAL <08:02> 100 ns (maximum)
after TRPLY negates. Since vector addresses are constrained to be between 000 and 774g, none of the
remaining TDAL lines are used.

4.5.3 4-Level Interrupt Configurations

Users who have high-speed peripherals and desire better software performance can use the 4-level inter-
rupt scheme. Both position-independent and position-dependent configurations can be used with the 4-
level interrupt scheme.

The position-independent configuration is shown in Figure 4-11. This configuration allows peripheral
devices that use the 4-level interrupt scheme to be placed in the backplane in any order. These devices
must send out interrupt requests and monitor higher-level request lines, as described in Paragraph
4.5.2. The level-4 request is always asserted by a requesting device, regardless of priority, to allow com-
patibility if an LSI-11 or LSI-11/2 processor is in the same system. If two or more devices of equally
high priority request an interrupt, the device physically closest to the processor will win arbitration.
Devices that use the single-level interrupt scheme must be modified or placed at the end of the bus for
arbitration to function properly.

. BIAK (INTERRUPT ACKNOWLEDGE) LEVEL4 |gjak | LEVEL6 |BlaKk | LEVELS [lak | LEVEL?7
KDF1 DEVICE DEVICE DEVICE DEVICE
BIRQ 4 (LEVEL 4 INTERRUPT REQUEST) I —l J l

BIRQ 5 (LEVEL 5 INTERRUPT REQUEST)

BIRQ 6 (LEVEL 6 INTERRUPT REQUEST)

BIRQ 7 (LEVEL 7 INTERRUPT REQUEST)

MR.2888

Figure 4-11 Position-Independent Configuration
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The position-dependent configuration is shown in Figure 4-12. This configuration is simpler to imple-
ment, with the following constraint, however. Peripheral devices must be ordered so that the highest-
priority device is located closest to the processor with the remaining devices placed in the backplane in
decreasing order of priority. With this configuration each device must only assert its own level and level
4 (for compatibility with an LSI-11 or LSI-11/2). Monitoring higher-level request lines is unnecessary.
Arbitration is achieved through the physical positioning of each device on the bus. Single-level inter-
rupt devices on level 4 should be positioned last on the bus.

BIAK (INTERRUPT ACKNOWLEDGE) LEVEL7 |BIAK | LEVEL6 |BIAK | LEVELS |BIAK | LEVEL4
KDF11 DEVICE DEVICE DEVICE DEVICE

LBIRQd(LEVEL4|NTERRUPT REQUEST) J 1 T J

BIRQ S5 (LEVEL 5 INTERRUPT REQUEST)

BIRQ 6 (LEVEL 6 INTERRUPT REQUEST)
BIRQ 7 (LEVEL 7 INTERRUPT REQUEST) y

MR 2889

Figure 4-12  Position-Dependent Configuration

4.6 CONTROL FUNCTIONS
The following LSI-11 bus signals provide system control functions.

BREF L Memory refresh
BHALT L Processor halt
BINIT L Initialize
BPOK H Power OK

BDCOK H DC power OK
BEVENT L External event interrupt request

4.6.1 Memory Refresh

If BREF is asserted during the address portion of a bus data transfer cycle, it causes all dynamic MOS
memories to be addressed simultaneously. The sequence of addresses required for refreshing the memo-
ries is determined by the specific requirements of each memory. The complete memory refresh cycle
consists of a series of refresh bus transactions. (A new address is used for each transaction.) The entire
cycle must be completed within 2 ms. Multiple-data transfers by DMA devices must be avoided since
they could delay memory refresh cycles. The KDF11-BA does not perform memory refresh.

4.6.2 Halt
Assertion of BHALT L stops program execution and forces the processor unconditionally into console
ODT mode. The processor does not assert the BHALT L bus line when it comes to a programmed

HALT.
4.6.3 Initialization
Devices along the bus are initialized when BINIT L is asserted. The processor asserts the BINIT L
signal under the following conditions.
1.  During a power-down sequence.

2. During a power-up sequence.

3. During the execution of a RESET instruction.
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4.  After detection of a G character in ODT mode (if the processor features an ODT mode and a
G command within it), and before execution of the code starting at the address that preceded
the G command.

4.6.4 Power Status
Power status protocol is controlled by two signals, BDCOK H and BPOK H. These signals are driven

by an external device (usually the power supply) and are defined as follows.

4.6.4.1 BDCOK H - The assertion of this line indicates that dc power has been stable for at least 3 ms.
Once asserted this line remains asserted until the power fails.

4.6.4.2 BPOK H - The assertion of this line indicates that there is at least an 8-ms reserve of dc power
and that BDCOK H has been asserted for at least 70 ms. Once BPOK H has been asserted, it must
remain asserted for at least 3 ms.

The negation of this line indicates that power is failing and that only 4 ms of dc power reserve remains.
The negation of this line during processor operation initiates a power-fail trap sequence.

4.6.4.3 Power-Up - The following events occur during a power-up sequence.
1. Logic associated with the power supply negates BDCOK H during power-up and asserts

BDCOK H 3 ms (minimum) after dc power is restored to voltages within specification.

2. The processor asserts BINIT L after receiving nominal power and negates BINIT L 0O ns
(minimum) after the assertion of BDCOK H.

3. Logic associated with the power supply negates BPOK H during power-up and asserts BPOK
H 70 ms (minimum) after the assertion of BDCOK H. If power does not remain stable for 70
ms, BDCOK H will be negated; therefore, devices should suspend critical actions until
BPOK H is asserted.

4.  BPOK H must remain asserted for a minumum of 3 ms. BDCOK H must remain asserted 4
ms (minimum) after the negation of BPOK H.

The timing diagram for the power-up/power-down sequence is shown in Figure 4-13.
~ I s
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Figure 4-13 Power-Up/Power-Down Timing
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4.6.4.4 Power-Down — The following events occur during a power-down sequence.

1. If the ac voltage to a power supply drops below 75% of the nominal voltage for one full line
cycle (15-24 ms), BPOK H is negated by the power supply. Once BPOK H is negated, the
entire power-down sequence must be completed.

A device that requested bus mastership before the power failure that has not become bus
master should maintain the request until BINIT L is asserted or the request is acknowledged
(in which case regular bus protocol is followed).

2. Processor software should execute a RESET instruction 3 ms (minimum) after the negation
of BPOK H. This asserts BINIT L for from 8 to 20 us. Processor software executes a HALT
instruction immediately following the RESET instruction.

3.  BDCOK H must be negated a minimum of 4 ms after the negation of BPOK H. This 4 ms
allows mass storage and similar devices to protect themselves against erasures and erroneous
writes during a power failure.

4.  The processor asserts BINIT L | us (minimum) after the negation of BDCOK H.

-

5. DC power must remain stable for a minimum of 5 us after the negation of BDCOK H.
6. BDCOK H must remain negated for a minimum of 3 ms.

4.6.5 BEVENTL

The BEVENT L signal is an external line clock interrupt request to the processor. When BEVENT L is
asserted, the processor internally assigns location 100g as the vector address for the BEVENT service
routine. Because the vector is internally assigned, the processor does not execute the protocol for read-
ing-in the interrupt vector address as is the case for other external interrupt requests.

4.7 BUS ELECTRICAL CHARACTERISTICS
This paragraph contains information about the electrical characteristics of the LSI-11 bus.

4.7.1 Signal-Level Specification

Input Logic Levels

TTL logical low: 0.8 Vdc (maximum)
TTL logical high: 2.0 Vdc (minimum)

Output Logic Levels

TTL logical low: 0.4 Vdc (maximum)
TTL logical high: 2.4 Vdc (minimum)

4.7.2 AC Bus Load Definition
AC bus loading is the amount of capacitance a module presents to a bus signal line. This capacitance is
measured between each module signal line and ground. AC bus loading is expressed in ac unit loads

where each unit load is defined as 9.35 pF.
4.7.3 DC Bus Load Definition

DC bus loading is the amount of leakage current a module presents to a bus signal line. A dc unit load
is defined as 105 uA flowing into a module device when the signal line is in the unasserted (high) state.
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4.7.4 120 Q LSI-11 Bus

The electrical conductors interconnecting the bus device slots are treated as transmission lines. A uni-
form transmission line, terminated in its characteristic impedance, will propagate an electrical signal
without reflections. Insofar as bus drivers, receivers, and wiring connected to the bus have finite resis-
tance and nonzero reactance, the transmission line impedance becomes nonuniform, and thus in-
troduces distortions into pulses propagated along it. Passive components of the LSI-11 bus (such as
wiring, cabling, and etched signal conductors) are designed to have a nominal characteristic impedance

of 120 Q.

The maximum length of the interconnecting cable in multiple-backplane systems (excluding wiring
within the backplane) is limited to 4.88 m (16 ft).

NOTE
1. The KDF11-BA processor (as well as all stand-
ard DIGITAL-supplied LSI-11 interfaces) con-
nects to the bus via special drivers and re-
ceivers, described in Paragraphs 4.7.5 and
4.7.6.

2. The KDF11-BA processor provides resistive

(120 Q) pull-up (on all bused lines) to 3.4 Vdc
for this wired-OR interconnecting scheme.

4.7.5 Bus Drivers
Devices driving the 120 @ LSI-11 bus must have open collector outputs and meet the specifications that

follow.

DC Specifications (These conditions must be met at worst-case supply voltage, temperature, and input
signal levels.)

Vcc can vary from 4.75 V to 5.25 V.
Output low voltage when sinking 70 mA of current: 0.7 V (maximum).

Output high leakage current when connected to 3.8 Vdc: 25 uA (even if no power is applied
to them, except for BDCOK H and BPOK H).

AC Specifications
Bus driver output pin capacitance load: Not to exceed 10 pF.
Propagation delay: Not to exceed 35 ns.

Driver skew (difference in propagation time between slowest and fastest bus driver): Not to
exceed 25 ns.

Rise/fall times: Transition time from 10% to 90% for positive transition, and from 90% to
10% for negative transition, must be no faster then 5 ns.
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4.7.6 Bus Receivers
Devices that receive signals from the 120 Q LSI-11 bus must meet the following requirements.

DC Specifications (These conditions must be met at worst-case supply voltage, temperature, and output
signal conditions.)

Vcc can vary from 4.75 V to 5.25 V.
Input low voltage: 1.3 V (maximum).
Input high voltage: 1.7 V (minimum).

Maximum input leakage current when connected to 3.8 Vdc: 80 uA with Vcc between 0.0
and 5.25 V.

AC Specifications
Bus receiver input pin capacitance load: Not to exceed 10 pF.
Propagation delay: Not to exceed 35 ns.

Receiver skew (difference in propagation time between slowest and fastest receiver): Not to
exceed 25 ns.

4.7.7 Bus Termination

The 120 2 LSI-11 bus must be terminated at each end by an appropriate resistive termination. A pair of
resistors in series from + 5.0 V to ground is used to cstablish a voltage for each bidirectional line when
that line is not being driven (negated). The parallel impedance of this pair of resistors is 120 Q. The
terminating resistors are shown in Figure 4-14. The KDF11-BA contains terminating resistor networks
in 16-pin dual-in-line packages to provide the 120 Q terminations for the data/address, synchronization,
and control lines at the processor end of the bus.

Some system configurations do not require terminating resistors at the far end of the bus. If the system
configuration does require such termination, it is typically provided by a M9404-YA cable connector
module. Rules for configuring single- and multiple-backplane systems are described in Paragraphs 4.8.1
and 4.8.2.

5V

18052

12082
BUS LINE
TERMINATION

390%2

MR 6033

Figure 4-14 Bus Line Termination
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4.7.8 Bus Interconnection Wiring

This paragraph contains the electrical characteristics of the bus interface. The bus interface for the
module connectors is provided by one, two or three backplanes, depending on the system configuration.
Since each backplane contains 9 slots, a system may have a maximum of 27 module interfaces to the
bus.

4.7.8.1 Backplane Wiring — The wiring that interconnects all device interface slots on the LSI-11 bus
must meet the following specifications.

1. The conductors must be arranged so that each line exhibits a characteristic impedance of 120
Q (measured with respect to the bus common return).

2. Crosstalk from a pulse-driven line to an undriven line to which a constant 5 V is applied must
be less than 5% of the 5 V. Note that worst-case crosstalk is manifested by simultaneously
driving all but one signal line and measuring the effect on the undriven line.

3. DC resistance of a bus segment signal path, as measured between the near-end terminator
and far-end terminator modules (including all intervening connectors, cables, backplane wir-
ing, connector-module etch, etc.) must not exceed 2 €.

4. DC resistance of a bus segment common return path, as measured between the near-end ter-
minator and far-end terminator modules (including all intervening connectors, cables, back-
plane wiring, connector-module etch, etc.) must not exceed an equivalent of 2 Q per signal
path. Thus, the composite signal return path dc resistance must not exceed 2 Q divided by 40
bus lines, or 50 mQ. Note that although this common return path is nominally at ground po-
tential, the conductance must be part of the bus wiring; the specified low-impedance return
path must be provided by the bus wiring as distinguished from common system or power
ground path.

4.7.8.2 Intrabackplane Bus Wiring — The wiring that interconnects the bus connector slots within one
contiguous backplane is part of the overall bus transmission line. Due to implementation constraints,
the nominal characteristic impedance of 120 Q may not be achievable. Distributed wiring capacitance
in excess of the amount required to achieve the nominal 120 Q impedance may not exceed 60 pF per
signal line per backplane.

4.7.8.3 Power and Ground - Each bus interface slot has connector pins assigned for the following dc
voltages.

45 Vdc  Three pins, 4.5 A (maximum) per bus device slot
+12 Vdc Two pins, 3.0 A (maximum) per bus device slot)
Ground  Eight pins, shared by power return and signal return
The maximum allowable current per pin is 1.5 A. The +5 Vdc must be regulated to +5% and the

maximum ripple should not exceed 100 mV peak-to-peak. The + 12 Vdc must be regulated to + 3% and
the maximum ripple should not exceed 200 mV peak-to-peak.

NOTE
Power is not bused between backplanes on any inter-
connecting LSI-11 bus cables.
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4.7.8.4 Maintenance and Spare Pins

Maintenance Pins — There are four M SPARE pins per bus device slot assigned to maintenance (AKI,
AL1, BKI1, BL1). The maintenance pins on the basic LSI-11 system are not bused from module to
module. Instead, at each bus device slot, the maintenance pins are shorted together as pairs. These pins
must be shorted together for some modules to operate. This allows a module to use these pins during
initial testing as two separate points. This feature is used by DIGITAL for manufacturing tests only.

Spare Pins — Spare pins are allocated on the backplane as follows.

S SPARES - These four pins, AE1, AH1, BH1, AF1 (with the exception of AF1 in slot 1),
are reserved for the particular use of a module or set of modules. They may be used as test
points or for intermodule connection. Appropriate wires must be added for intermodule com-
munication since these pins are not connected in any way. The processor uses AF1 in slot 1
as an output pin for the SRUN signal. S SPARE lines cannot be used as bus connections.

P SPARES - These two pins, AUl and BUI are similar to the S SPARE pins except that
they are located in a manner that causes dc voltages to appear on them if a module is inserted
backwards. Use of these pins is not recommended.

4.8 SYSTEM CONFIGURATIONS

LSI-11 bus systems can be divided into two types. The first type comprises those systems that use only
one backplane, the second type comprising those systems that use multiple backplanes. Two sets of
rules must be followed when configuring a system to accommodate the different electrical character-
istics of the two types of systems. These rules are listed in Paragraphs 4.8.1 and 4.8.2.

Three characteristics of each component in an LSI-11 bus system must be known before configuring
any system:

1. Power consumption — The total amount of current drawn from the +5 Vdc and +12 Vdc
power supplies by all modules in the system.

2. AC bus loading — The amount of capacitance a module presents to a bus signal line. AC
loading is expressed in ac unit loads, where one ac unit load equals 9.35 pF of capacitance.

3. DC bus loading — The amount of dc leakage current a module presents to a bus signal when
the line is high (undriven). DC loading is expressed in terms of dc unit loads, where one dc
unit load equals 105 pA (nominal).

Power consumption, ac loading, and dc loading specifications for each module are included in the Mi-
crocomputer Interfaces Handbook.

NOTE
The ac and dc loads and the power consumption of
the processor module, terminator module, and back-
plane must be included in determining the total bus
loading of a backplane.

4.8.1 Rules for Configuring Single-Backplane Systems

The following rules apply only to single-backplane systems. Any extension of the bus off the backplane
is considered a multiple-backplane system and must be configured accordingly. A single-backplane con-
figuration diagram is shown in Figure 4-15.
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The bus can accommodate modules that have up to 20 ac loads (total) before an additional
termination is required. The processor has on-board termination for one end of the bus. If
more than 20 ac loads are included, the other end of the bus must be terminated with 120 Q.
A terminated bus can accommodate modules comprising up to 35 ac loads (total).
The bus can accommodate modules up to 20 dc loads (total).
The bus signal lines on the backplane can be up to 35.6 cm (14 in) long.

|'_—_ gfﬁg’éPMLA(Tflmgl\fo ——’I

{ (

[ ] |

1202 OR ONE ONE ONE OPTIONAL
2204 UNIT UNIT UNIT 1200
LOAD LOAD LOAD
\q +
34V “ — , 34V
- 35 AC LOADS I-
= 20 DC LOADS =
PROCESSOR TERM

MR 6034

Figure 4-15 Single-Backplane Configuration

4.8.2 Rules for Configuring Multiple-Backplane Systems
Multiple-backplane systems may contain a maximum of three backplanes. A configuration diagram for
a multiple-backplane system is shown in Figure 4-16.

l.

2.

The signal lines on each backplane can be up to 25.4 cm (10 in) long.

Each backplane can accommodate modules that have up to 20 ac loads (total). Unused ac
loads from one backplane may not be added to another backplane if the second backplane
loading will exceed 20 ac loads. It is desirable to load backplanes equally, or with the highest
ac loads in the first and second backplanes.

DC loading of all modules in all backplanes cannot exceed 15 loads (total).
The first backplane must have an impedance of 120 Q (obtained via the processor module).
The second backplane is terminated by 120 Q resistor networks contained on the cable con-

nector inserted in the third backplane.

The cables connecting the backplanes must observe the following rules.

a. The cable(s) connecting the first two backplanes must be 61 cm (2 ft) or greater in
length.

b.  The cable(s) connecting the second backplane to the third backplane must be 22 cm (4
ft) longer or shorter than the cable(s) connecting the first and second backplanes.

c.  The combined length of both cables must not exceed 4.88 m (16 ft).

d.  The cables used must have a characteristic impedance of 120 Q.
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Figure 4-16 Multiple-Backplane Configuration

4.8.3 Power Supply Loading

Total power requirements for each backplane can be determined by obtaining the total power require-
ments for each module in the backplane. Obtain separate totals for +5 V and +12 V power. Power
requirements for each module are specified in the Microcomputer Interfaces Handbook.

Do not attempt to distribute power via the LSI-11 bus cables in multiple-backplane systems. Provide
separate, appropriate power wiring from each power supply to each backplane. Each power supply
should be capable of asserting BPOK H and BDCOK H signals according to bus protocol; this is re-
quired if automatic power-fail/restart programs are implemented, or if specific peripherals require an
orderly power-down halt sequence. The proper use of the BPOK H and BDCOK H signals is strongly
recommended.
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CHAPTER 5
FUNCTIONAL DESCRIPTION

5.1 INTRODUCTION

This chapter describes the control logic and data flow of the KDF11-BA. Figure 5-1 (Sheets 1 and 2) is
a functional block diagram that shows the major logical subunits of the KDF11-BA and their relation to
the LSI-11 bus and the three internal processor buses. The three internal buses are the chip/data ad-
dress lines (CDALSs), the microinstruction bus (MIB), and thec internal data/address lines (IDALs).

The functions of the logic subunits are described at the block diagram level. The block diagrams may
be used in conjunction with the KDF11-B Field Maintenance Print Set to locate the detailed circuit
logic for the logic subunits. Each block in a diagram contains the letter K followed by a number 1
through 10. This alphanumeric designator refers to the specific drawing number of the KDF11-B Field
Maintenance Print Set that contains the detailed circuit logic for that block.

The KDF11-BA central processor unit is contained on two LSI chips (control and data) which reside on
a single 40-pin carrier. The optional memory management unit (MMU) is contained on one LSI chip,
which also resides on a 40-pin carrier. The KDF11-BA has sockets for these two carriers and three extra
sockets for the commercial instruction set (CIS) or floating-point (FP) options. The control and data
chips, the MMU chip, and the optional CIS and FPP (floating-point processor) chips are referred to in
this discussion as the F11 chip set. The F11 chips communicate among themselves and with external
KDF11-BA logic over the MIB <15:00> and CDAL <21:00> bus. KDF11-BA logic interfaces the
F11 chip set with the internal IDAL <15:00> bus and the external LSI-11 bus. The KDF11-BA boot-
strap and diagnostic line clock and serial-line units reside on the IDAL bus. Memory and additional
peripherals interface with the LSI-11 bus. Bidirectional interfaces (CDAL/IDAL transceivers and
CDAL/BDAL transceivers) on the KDF11-BA module connect the CDAL <21:00> bus with the
IDAL <15:00> bus and with the LSI-11 data/address lines BDAL <21:00>.

KDF11-BA logic supporting the F11 chip set includes the master clock control logic, MIB decode logic,
fixed data logic, service logic, reset logic and ODT logic. Logic pertaining to the LSI-11 bus includes
the bus control logic, bus synchronizer and the CDAL/BDAL transceivers. Logic pertaining to the
IDAL bus peripherals includes the bus control logic, CDAL/IDAL transceivers, the IDAL address
decode, bootstrap/diagnostic and line clock logic, the console and second SLU logic, the baud rate gen-
erator, and the —12 V charge pump logic.

5.2 DATA CHIP

The data chip contains the PDP-11 general registers, the processor status word (PS), several working
registers, the arithmetic and logic unit (ALU), and conditional branching logic. The data chip does the
following.

1. Performs all arithmetic and logical functions.

2.  Handles all data and address transfers with the LSI-11 bus (except relocation, which is han-
dled by the MMU; see Paragraph 5.4).

3. Generates most of the signals used for interchip communication and external system control.

5-1



s

CDAL <15:00> H

N\

(9]

(AK2) 0w IBTL | BSIOH A EN IDAL

BBS7 L HWTBT (1) H "] coauipaL

BDALO L
(AU2) 0=
(Av2) e BDALT L o) ——— ATciki, <
(BE2) o= RATE | RT CLK2
(BF2) o@BRAL3L ] GEN * D 1DAL |

BDALA L SEL

r DATA I A

BDAL 7 L PUMP
BDALS L K10 MIB <15:00> H
(BM2) 0Ot———"—8 CHIP RST H CONTROL
(BN2) oa BRAL9 L CDAL/BDAL ‘ CHIP RSTH
BDAL 10 L TRANSCEIVERS CDAL <21:00> H CHIP CLK A =

(BH2) o=z K10
(BR2) Ot BSIO H

(AP2) 0@ BBSTL |
TRANSCEIVERS
K iDAL<15:00>H Y (3)
BDAL2 L K6
BDAL5 L “12v
J O 4
(BJ2) oSGRATE T L] charce |e-12v < CDAL <15:00> H

i

CDAL <21:00> H > MMU MIB <12,09:04> H
DAL 16 L

(AC1) CHIP lusmar L

(BC1) BDAL 18 L ABORT L

CHIP CLK A MMU RPLY L
K4

I

>

g
(=
>
(g
<
[l

H

(BE1) o@BRAL 20 L RDAL 17 H

(BF1) 0 BDAL 21 L K5 RDAL 16 H

AL—F
é? ggAL OPTIONAL
< CDAL <15:00> H > CHIPS MIB <15:00> H

RD BDAL r—— (FP)
o—BIRQ4L |
(AL2) cHipRsTH | &

CSEL

CDAL <21:00> H

!

(AA1)0- BIRQS5 L CDAL <12:00> H ————{ (CIS)

(AB1) o cuecike )

1RQ 6 L
8IRQ 7 L SERVICE TIMEQUT H

(8P1) O
(BB1) o—BPOKH ] LOGIC ERROR SIGNALS_| RESET  |cHIP RST H

(AP1) omBHALT L ] LOGIC - ,HALT/TRAP OPTION

F
EVENTFLGH_| K3 K3 < CDAL <08:07><02:00> H D

DATA
CSEL-’ Ycirpwr O LABORT L K4
BSACK L

(BN1) o=z o CHIPCLK A
(ANT) BDMR L > MMU RPLY L BSIO H

o——
BSYNC L CHIP CLK B
(AJ2) MASTER e » oDT

RPLY L ] 8US
:’B\Zf; 8oco n "] SYNCHRONIZER cLock CDAL <21:16> H LoGic

o—fRC0KH o CONTROL

MCENB H

o—MCENBH _jJ

(AM2) o MEouT H K2 K | k3
’ WR ODTA CLR PWR LO

[ODT LOGIC & MIB DECODE,

I ‘ LD BDAL, GT BDAL, RD BDAL HWTBT (1) H
O BUS

(AE2) 0@—SROUTL | conrroL  pRRIDAL.EN DAL - v MIB <15:00> H

BDMGO L MiB
AS2) Ot ———————] |
:ANZ)) BIAKO L LOGK(Z: BUS CYCLE CONTROL SIGNALS DECODE

iaT21 0 BMEL
(AF1, oa—3R K1
AH1) 1 CLR EVENT

(BR1) BEVENT L ;®=®

POWER UP OPTIONS

(AH2) BDIN L

MR.5875

Figure 5-1 KDF11-BA Processor (Sheet 1 of 2)
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A typical microinstruction cycle starts when the data chip receives a 16-bit microinstruction from the
control chip on the time-multiplexed, bidirectional MIB. During the first half of the cycle (phase time)
the register file is precharged, and the selected register(s) are read and sent part way through the ALU
chain (i.e., operands are latched into the propagate and generate latches). Also during the first half of
the cycle, control information is decoded from the microinstruction and output on the MIB for use by
other chips and external logic. During the second half of the cycle (phase-bar time) the ALU operation
is completed and the result is written into the appropriate register.

Output operations occur during the first half of the cycle when the contents of the selected source regis-
ter are bused around the ALU logic directly to the output buffers. Input data is strobed into the data
chip during the first half of the cycle, although it is not written into the register file until the second
half.

5.3 CONTROL CHIP
The control chip contains the microprogram sequence logic and 552 words of microprogram storage in
programmable logic arrays (PLAs) and read-only memory (ROM) arrays.

During the course of a normal microinstruction cycle, the control chip accesses the appropriate micro-
instruction in the PLA or ROM, sends it along the MIB to the data and MMU chips for execution, and
then generates the address for the next microinstruction to be accessed. The next address is constructed
from either a next-address field associated with the current microinstruction or, if a microprogrammed
branch is to be executed, the target address contained within the microinstruction itself. The control
chip operation is pipelined for better performance so that the next microinstruction is being accessed
while the current one is being executed. This next address is then used in conjunction with various inter-
nal status and external service inputs to determine the microprogram sequence. The control chip ac-
cesses only its local storage. However, multiple chips (up to 32) can be cascaded with external buffering
to provide additional microprogram storage.

Chip Select (CSEL) — CSEL is an open collector line with a pull-up resistor. CSEL is routed to all F11
chips on the board except the MMU. The active control chip holds the line low. If a nonexistent control
chip is selected by the microcode, the line is pulled high. This causes a control chip error and a trap to
location 10g.

5.4 MMU CHIP

The MMU chip serves two purposes: it provides the memory management function and storage for the
FP11 floating-point accumulators and status registers. This chip provides dual mode (user and kernel)
address relocation of 22 bits. Sixteen-bit virtual addresses are received from the data chip via the
CDAL bus, relocated to the appropriate 18- or 22-bit physical address, and then sent on the CDAL bus
to replace the original virtual address for transmission to the external LSI-11 bus. The MMU chip con-
tains the status register and active page registers (PAR/PDR register pairs), as well as access pro-
tection and error detection capability. The MMU chip also provides the 36 16-bit registers needed for
operand storage, scratchpad areas, and status information storage during floating-point operation.

The MMU chip is controlled by information received on the microinstruction bus (MIB) from the data
chip and control chip and by several discrete control inputs. Complete details of memory management
capabilities are described in Chapter 8.

5.5 BASE TIMING LOGIC

The base timing for the KDF11-BA is performed by the master clock control logic. Figure 5-2 shows
the major logic blocks of the master clock control, the outputs of the master clock control logic, and the
interface to the KDF11-BA logic.
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Figure 5-2 Base Timing Interface

A 26.666 MHz crystal oscillator toggles a flip-flop whose buffered output (OSC H) drives the timing
logic for the F11 chip set, the control logic for the LSI-11 bus, and the IDAL bus. OSC H has a period
of 75 ns and a half period of 37.5 ns.

“The chip clock driver uses the PHASE (1) H flip-flop output to produce the +12 V F11 chip set clock

signals (CHIP CLK A and CHIP CLK B). Each chip set clock cycle consists of a phase time [PHASE
(1) H set] and a phase-bar time [PHASE (1) H clear]. The F11 chip set is semistatic and loses informa-
tion if it remains in phase-bar time (PBT) for longer than 500 ns. The F11 chip set can remain in phase
time (PT) indefinitely.



Two shift registers [PT2 (1) H through PTS5 (1) H and PBT2 (1) H through PBT6 (1) H] operate as
state machines during phase time and phase-bar time, respectively. If PHASE (1) H is set, but PT2 (1)
H through PTS (1) H are clear, the logic is in phase time one. If PHASE (1) H and PT2 (1) H are set,
but PT3 (1) H through PTS5 (1) H are clear, the logic is in phase time two. Similarly, if PHASE (1) H is
clear and PBT2 (1) H through PBTS (1) H are clear, the logic is in phase-bar time one. If PBT2 (1) H
through PBT4 (1) H are set, but PHASE (1) H and PBTS5 (1) H are clear, the logic is in phase-bar time
four.

The PHASE (1) H flip-flop and the two shift registers are clocked on the leading edge of OSC (1) H.
When PHASE (1) H is clear, the logic typically advances from one phase-bar time to the next. Usually,
it advances from phase-bar time two to phase time one. However, there are two exceptions.

1.  During address relocation cycles [REL CYC (0) H negated], the logic enters phase time one
after phase-bar time five.

2. During reset cycles (ENB RST L clear), the logic enters phase time one after phase-bar time
SIX.

When PHASE (1) H is set, the logic typically advances from one phase time to the next. However,
there are the following exceptions.

1. The logic pauses in phase time one if microcycle enable [MCENB3 (1) H] is clear.

2. The logic pauses in phase time one if the last phase time was an address cycle [LAD CYC (1)
H] and the address has not yet settled on the LSI-11 bus [GT BDAL 3 (0) H].

3. The logic enters phase-bar time one after phase time two during a chip set micro-NOP cycle
(SHORT PT H).

4. The logic enters phase-bar time one after phase time three if both MED PT H and —FDIN
ENB H are asserted. MED PT H is asserted during an F11 chip set address cycle or an F11
chip set data cycle that does not reference the LSI-11 bus, the IDAL bus, or an MMU regis-
ter. In these two cases, MED PT H is asserted. —FDIN ENB H is negated during a fixed
data cycle.

5. During an LSI-11 bus DOUT cycle, the logic pauses in phase time four until RRPLY3 (1) H
clears. This only affects LSI-11 bus DATIO timing.

6. During an LSI-11 bus, IDAL bus, or MMU DIN cycle, the logic pauses in phase time four
until it receives a reply signal. It then proceeds to phase time five.

7. During an LSI-11 bus, IDAL bus, or MMU DOUT cycle, the logic pauses in phase time five
until it receives a reply signal. It then proceeds to phase-bar time one.

The PBT CLR L signal clears flip-flops that gate data onto the CDAL lines during phase time. That
data must remain there for one-half an OSC period into phase-bar time. The PT CLR L signal clears
flip-flops that gate data onto the CDAL lines during phase-bar time. That data must remain there for
one-half an OSC period into phase time.

5.6 MIB DECODE LOGIC

The 16-bit microinstruction bus MIB <15:00> is common to all data and control chips. The MIB is
time-multiplexed and is used for different functions during the clock cycle. During the clock phase-bar
time, the MIB contains the current microinstruction provided by one of the F11 control chips. During
the clock phase time, the MIB lines contain control information provided by the F11 data chip. The
KDF11-BA logic monitors some MIB lines during phase time, some at the end of phase time, and some
at the end of phase-bar time. The MIB decode logic is shown in Figure 5-3.
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Figure 5-3 MIB Decode Logic

5.6.1 MIB Decode During Phase Time
During phase time, MIB lines <12,09,08> contain the address/input/output signals AIO <2:0>
while MIB lines <03:00> contain the general-purpose outputs DGPO <3:0> L.

The AIO bits are decoded to determine whether the current cycle is an address cycle (ADR CYC H), a
bus-type data-in cycle (DIN CYC H), or a bus-type data-out cycle (DOUT CYC H). Bus-type DIN and
DOUT cycles are decoded only if BUS CYC H is asserted. The write/byte signal (WTBT H) is also
decoded, as are two signals that determine whether the logic enters phase-bar time either after phase
time two (SHORT PT H), phase time three (MED PT H), or phase time five (SHORT PT H and MED
PT H both clear). Table 5-1 describes the decoded general-purpose output signals derived from MIB
<<02:00> when MIB 03 is negated.

The assertion of MIB 03 is used to set the read fixed data [RD FIXDT (1) L] flip-flop during phase
time three. When the RD FIXDT (1) L flip-flop is set, the jumper-selected power-up mode and
HALT/TRAP option information is gated onto the CDAL bus at the same time CDAL <08> is ne-
gated to specify boot address 173000.
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Table 5-1 Decoded General-Purpose Output

GPO2 GPO1 GPOO Output
(MIB02) (MIB01) (MIB00) Name Function

1 1 1 DGPO7 L Loads the two highest order address bits into
a latch while in micro-ODT. These two bits
are necessary for 18-bit addressing because
the memory management unit is disabled
while in ODT.

1 1 0 DGPO6 L Clears the power-fail flip-flop after the
power-fail sequence has been executed in
microcode.

1 0 1 DGPOS L Clears the event flip-flop after the event
interrupt has been serviced in microcode.

0 0 1 SRUN L Generates a low-going pulse that is routed
directly to edge fingers AF1, AH1. This
signal can be used to cause a steady RUN
indication while the processor is fetching
instructions, and a flashing indication when
typing characters in console ODT.

5.6.2 MIB Decode at the End of Phase Time
The following MIB lines are clocked into flip-flops by PHASEA (0) H at the end of phase time.

1.  MIB 15 H is clocked into relocation cycle [REL CYC (0) H].

2. MIB 12 H is inverted to produce address cycle (ADR CYC H), which is clocked into latched
address cycle [LAD CYC (1) H].

3.  MIB 07 H is inverted to produce SYNC H, which is clocked into LSYNCF (1) H. LSYNCF
(1) H is used by the bus control logic to generate BSYNC L.

4. MIB 14 H is clocked into LINITF (0) H, which is inverted to produce BINIT L.

5.6.3 MIB Decode at the End of Phase-Bar Time
PHASEA (1) H clocks the ODT CYC (1) H flip-flop at the end of phase-bar time. The ODT CYC (1)
H flip-flop sets if MIB 07 H is asserted and MIB 06 H is clear.

5.7 BUS CONTROL LOGIC

The logic described in this section controls the transfer of information between the F11 chip set and the
LSI-11 bus, the transfer of information between the F11 chip set and the IDAL bus, and the transfer of
LSI-11 bus ownership to DMA devices. Figure 5-4 shows the bus control logic interface to the LSI-11
bus and the internal KDF11-BA logic.
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Figure 5-4 KDF11-BA Bus Control Interface

5.7.1 Bus Synchronizer Circuits
Because internal operation of the KDF11-BA is synchronous, asynchronous external signals must be
synchronized before they can be used by the KDF11-BA logic. The BRPLY L, BSYNC L, BSACK L,
and BDMR L signals received from the LSI-11 bus are time-critical and must be monitored as fre-
quently as possible. At the same time, the registers that receive them must be allowed to settle for at
least 100 ns to ensure reliable bus operation. The bus synchronizer contains special circuits that clock
these four bus signals every OSC H period (75 ns), but allows them two OSC H periods (150 ns) to
settle. A fifth LSI-11 bus signal BDCOK H, and the microcycle enable signal MCENB H, are not as
time-critical; they are clocked every two OSC H periods.
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5.7.1.1 BRPLY, BSYNC, BSACK, BDMR Synchronization — Each of the four bus signals (BRPLY L,
BSYNC L, BSACK L, and BDMR L) is applied in parallel to a pair of D type flip-flops. These flip-
flops are called the A and B synchronizer flip-flops. The outputs of the A and B flip-flops are connected
to the A and B inputs of a multiplexer. The select input of the multiplexer is obtained from the SELA
flip-flop, which is toggled by the leading edge of OSC H. The SELA (1) H output is used to clock the B
flip-flops and also for the select input of the multiplexer. The SELA (0) H output is used only to clock
the A flip-flops.

The BRPLY L signal is clocked into the B flip-flop by the SELA (1) H signal and into the A flip-flop
by the SELA (0) H signal. The SELA (1) H signal connected to the multiplexer selects either the A or
B flip-flop output to produce RRPLY2 H. When SELA (1) H is set, RRPLY2 H equals the A flip-flop
output, which, by the next OSC H toggle, will have settled for two OSC H periods. This description
applies to the BSYNC L, BSACK L, and BDMR L signals, which are used to produce the RSYNC2
H, RSACK2 H, and RDMR2 H signals, respectively.

5.7.1.2 BDCOK and MCENB Synchronization - The BDCOK H signal is applied to two B synchro-
nizer flip-flops, which are clocked by SEL (1) H. The output of the second B flip-flop [(RDCOK3 (1)
H)] is used to hold the KDF11-BA logic in the clear condition until RDCOK3 (1) H sets. This means
that the KDFI11-BA logic will remain in the clear condition for two OSC H periods (150 ns) after
BDCOK H is asserted.

The MCENB H signal is applied to two A synchronizer flip-flops, which are clocked by SEL (0) H.
The output of the second A flip-flop MCENB3 (1) H is sent to the phase time pause control logic of the
master clock control. MCENB3 (1) H will clear two OSC H periods (150 ns) after MCENB H is ne-
gated. This signal is negated for manufacturing test purposes only.

5.7.2 Direct Memory Access (DMA) Control

DMA on the KDF11-BA module allows a peripheral to gain control of the LSI-11 bus from the proces-
sor and transfer data directly between that peripheral and memory. In this way, data transfers can oc-
cur at full memory speed rather than having the processor transfer data words one at a time between
the peripheral and memory. Paragraph 4.4 presents the LSI-11 bus specification for granting DMA
requests.

DMA Bus Grant Operation

A direct memory access (DMA) device requests control of the LSI-11 bus by asserting BDMR L. The
KDF11-BA grants control of the LSI-11 bus to a requesting device by asserting BDMGO L. The fol-
lowing events occur during a KDF11-BA bus grant sequence.

1. BDMR L is received, inverted to RDMR H, synchronized, and delayed by two OSC H peri-
ods to become RDMR2 H.

2. After the KDF11-BA has released the LSI-11 bus [GTBDAL 1 (0) H and HLD BUS (0) H
both asserted], RDMR2 H asserts DMG ENB H.

3.  OSC H clocks DMG ENG H into the DMG (1) H flip-flop, which asserts BDMGO L.

4. DMG (1) H also triggers the NO-SACK timeout circuit in the bus synchronizer. If BSACK
L is not asserted by the requesting DMA device within 10 us after the KDF11-BA issues
BDMGO L, the NO-SACK timeout circuit will negate ENB DMR (1) L. The negation of
ENB DMR (1) L negates RDMR H, which leads to the negation of BDMGO L.

5. BSACK L is received, inverted to RSACK H, synchronized, and delayed by two OSC peri-

ods to become RSACK2 H. RSACK2 H is clocked into the RSACK3 flip-flop (located in
the bus control logic) by OSC H to negate RSACK3 (0) H.
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6. The negation of RSACK3 (0) H by OSC H causes the negation of BDMGO L to terminate
the bus grant sequence.

5.7.3 Address Microcycle Control

The KDF11-BA may perform either a normal-address microcycle or a relocated-address microcycle,
depending on whether the memory management unit is enabled or disabled. The memory management
unit is enabled or disabled under program control.

A normal-address microcycle is a 16-bit direct byte address that references the first 32K words (64K
bytes) of memory, and therefore, does not require the memory management function. A relocated-ad-
dress microcycle 1s one that uses the MMU to convert a 16-bit program virtual address (VA) to an 18-
or 22-bit physical (PA) address. When the MMU is enabled, the normal 16-bit direct byte address is no
longer interpreted as a direct physical address but as a virtual address containing information to be
used in constructing a new 18- or 22-bit address that is capable of referencing addresses in a 4 me-
gabyte memory.

Microinstruction bus bit (MIB 15) is the memory management enable (MME L) signal that indicates
to the processor logic whether a relocated-address microcycle should or should not be performed. The
memory management unit asserts MME L when a relocated-address microcycle should be performed.
MME is also asserted low by the KDF11-BA ODT logic during certain ODT address cycles.

The KDF11-BA logic stores the address provided by the F11 data chip during phase time if a normal-
address microcycle is to performed or if an ODT cycle has been decoded. During a relocation-address
microcycle (MMU asserts MME L), the address provided by the MMU is stored by the KDF11-BA
logic during phase-bar time. The following events take place during an address microcycle.

1. The LD BDAL (1) H and LD BBS7 (1) H signals from the bus control logic clock the CDAL
address into the BDAL registers at the end of phase time three.

2. The LD IADR (1) H signal from the bus control logic clocks the CDAL address into the
latched internal address registers of the IDAL decode logic at the end of phase time three.

3. If no DMA device is using the LSI-11 bus, the GT BDAL (1) L signal from the bus control
logic gates the address in the BDAL registers onto the BDAL lines at the end of phase time
three. Note that during address relocation cycles, the BDAL registers do not contain a valid
address until the end of phase-bar time three.

4. If a DMA device is using the LSI-11 bus, the GT BDALI (1) H signal is inhibited until the
DMA device releases the bus by negating BSACK L. When the bus is released, OSC H sets
GT BDALI (1) H, which gates the address in the BDAL registers onto the BDAL lines.

5. LD BDAL (1) H and LD BBS7 (1) H clock the CDAL address into the BDAL registers at
the end of phase-bar time three when using the phase-bar time address (relocation address)
from the MMU.

6. LD IADR (1) H clocks the CDAL address into the latched internal address registers of the
IDAL decode logic at the end of phase-bar time four when using the phase-bar time address
from the MMU. '

7. GT BDALI (1) H remains set until the recognition of a bus DIN cycle (MIB decode logic
asserts DIN CYC H), or the end of a bus DOUT cycle [DOUT 2 (1) H negates].



5.7.4 BSYNC Signal

The BSYNC L signal is asserted on the LSI-11 bus when the bus control logic asserts transmit synchro-
nize [TSYNC (1) H]. All address cycles, except those that precede an interrupt-type DIN cycle, assert
TSYNC (1) H. According to LSI-11 bus specifications, TSYNC (1) H must be set 150 ns (minimum)
after the address is gated onto the BDAL lines. OSC L from the master clock control clocks TSYNC
(1) H set if both LSYNCF (1) H and GT BDAL3 (1) H are set. The MIB decode logic will assert
LSYNCEF (1) H if MIB 07 H is negated at the end of phase time. The GT BDAL 3 (1) H signal in the
bus control logic is set 150 ns after the address is gated onto the BDAL lines. If GT BDAL3 (1) His
clear, the logic pauses in phase time until it sets, thus assuring two and one-half oscillator periods be-
tween the time the address is gated on the BDAL lines and the assertion of BSYNC L. If LSYNCEF (1)
H is clear, the logic continues but does not set TSYNC (1) H.

Once set, TSYNC (1) H remains set until the HLD BUS (1) H signal in the bus control logic clears and
the slave device negates BRPLY L. HLD BUS (1) H does not clear until GT BDAL2 (1) L and BUS
CYC H both clear.

5.7.5 Noninterrupt Bus DIN Cycles

A noninterrupt bus DIN cycle (DATI) is a read operation. During a DIN microcycle of a DATI bus
cycle, 16-bit data is input to the F11 chip set from the IDAL bus via the CDAL/IDAL transceivers or
from the LSI-11 bus via the CDAL/BDAL transceivers. The MIB 13 H (IAK H) signal is not asserted
during a noninterrupt bus DIN microcycle, and thus prevents the assertion of BIAKO L on the LSI-11
bus. The following events take place during a normal bus DIN cycle.

1.  The TSYNC (1) H signal from the bus control logic is set one-half period before the end of
phase time one and is inverted to assert BSYNC L.

2. BDIN L is asserted by DIN CYC H from the MIB decode logic one-half period into phase
time three.

3.  GT BDAL (1) H is cleared at the end of phase time three because the MIB decode logic has
asserted DIN CYC H.

4. If the IAD SEL H signal from the IDAL address decode logic is asserted, RD IDAL (1) H
gates the data on the IDAL lines onto the CDAL lines at the end of phase time four.

5. If the IAD SEL H signal is clear, RD BDAL (1) H gates the data on the BDAL lines onto
the CDAL lines at the end of phase time four.

6. The master clock control causes the logic to pause in phase time four until it receives an
indication that the data transfer is completed. The completion of the data transfer is in-
dicated by the assertion of the BRPLY L signal, the RD IDAL (0) H signal from the bus
control logic, or the MMU RPLY H signal from the memory management unit.

7. The CDAL data is clocked into the F11 chip set at the end of phase time five.

5.7.6 Interrupt-Type Bus DIN Cycles

The KDF11-BA may accept interrupts from either the on-board SLUs or from external devices. If the
interrupt request is from an on-board device, the interrupt vector address is input to the F11 chip set via
the CDAL/IDAL transceivers. If the interrupt request is from an external device, the input vector
address is input to the F11 chip set from the LSI-11 bus via the CDAL/BDAL transceivers.
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The F11 chip set asserts MIB 13 H (IAK H) during interrupt type bus DIN cycles. IAK H causes the
assertion of the BIAKO L bus signal to acknowledge the honoring of an external or internal interrupt
request. The following events take place during an interrupt-type DIN cycle.

1.

8.

The KDF11-BA SLUs request an interrupt by asserting DL L. If one of the SLUs is request-
ing an interrupt, and if no higher interrupt request is pending (BIRQ 5 L and BIRQ 6 L
negated), the bus control logic asserts EN DLIAK (1) H at the beginning of phase time one.

Because LSYNCF (1) H is clear, TSYNCF (1) H does not set.

The assertion of DIN CYC H from the MIB decode logic causes DIN (1) H to set one-half
period into phase time three. When DIN (1) H sets, it causes the assertion of BDIN L.

GT BDALI (1) H in the bus control logic is cleared at the end of phase time three by the
assertion of DIN ENB H.

It the EN DLIAK (1) H signal in the bus control logic is set, RD IDAL (1) H is set one
period into phase time four. When RD IDAL (1) H sets, one of the four KDF11-BA SLU
vector addresses placed on the IDAL lines is input to the F11 chip set via the CDAL/IDAL
transceivers.

If EN DLIAK (1) H is clear, RD BDAL (1) H is set one period into phase time four and
TIAK (1) H is clocked set one period after GT BDAL3 (1) H is clocked clear. When TIAK
(1) H sets, it causes the assertion of BIAKO L. The vector address input from the external
device is then read from the BDAL lines to the CDAL lines.

The master clock control causes the logic to pause in phase time four until it receives an
indication that the vector address transfer is completed. The completion of the vector trans-
fer is indicated by the assertion of the BRPLY signal or by the negation of the RD IDAL (0)
H signal from the bus control logic.

The CDAL data is clocked into the F11 chip set at the end of phase time five.

5.7.7 Bus DOUT Cycle

A bus DOUT cycle is a write operation. During a DOUT microcycle of a DATO(B) bus cycle, 16-b
words (DATO) or 8-bit bytes (DATOB) are output by the F11 chip set to an IDAL register via the
CDAL/IDAL transceivers, or to an external device via the CDAL/BDAL transceivers. The following
events take place during a DOUT cycle.

1.

LD BDAL (1) H clocks the CDAL data into the BDAL registers at the end of phase time
three.

The CDAL data is also gated onto the IDAL lines.

The bus control logic clocks the internal address write [IAD WR (1) L] signal on at the end
of phase time two and clocked off one period into phase time five. If the PLA in the IDAL
address decode logic has selected one of the writable registers, the IAD WR (1) L signal
gates the load signal (e.g., LD PCR LO L) to the selected IDAL bus register.

The master clock control causes the logic to pause in phase time four until the bus control
logic negates RRPLY3 (1) H. This occurs only during DATIO cycles.
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5. The DOUT CYC H signal from the MIB decode logic is clocked into DOUT (1) H of the bus
control logic one period into phase time five. When DOUT (1) H sets, it causes the assertion
of BDOUT L.

6.  The master clock control causes the logic to pause in phase time five until the MMU asserts
MMU RPLY H, an external device asserts BRPLY L or, if IAD SEL H is asserted, until the
bus control logic negates IAD WR (1) H.

7. The negation of GT BDAL (1) H is delayed by the setting and clearing of DOUT2 (1) H.
DOUT?2 (1) H is set one period after DOUT (1) H sets (after BDOUT L is asserted).
DOUT?2 (1) H clears one period after DOUT1 (1) H clears.

5.8 CDAL/BDAL INTERFACE

The CDAL/BDAL transceivers transfer information between the LSI-11 bus and the F11 chip set in
response to load, gate, and read signals obtained from the bus control logic. The CDAL/BDAL bus
interface is shown in Figure 5-5.

The LD BDAL (1) H and LD BBS7 (1) H signals are used to load the information on the CDAL bus
into the transceiver registers during a data-out (write) bus cycle. The GT BDAL (1) L signal gates the
contents of the transceiver registers onto the LSI-11 bus. The RD BDAL (1) L signal enables the trans-
ceiver registers during a data-in (read) bus cycle to transfer the information on the BDAL <18:00> L
lines to the CDAL bus.

The MIB decode logic decodes MIB <7:6> and sets or clears the ODT CYC flip-flop at the end of
phase-bar time to indicate whether the current cycle is a normal address cycle or an ODT address
cycle. The ODT CYC flip-flop is clear during a normal address cycle and set during an ODT cycle.

During normal address cycles, BBS7 L is asserted if BSIO H is asserted by the F11 data chip or the
MMU chip. During ODT address cycles, the ODT logic performs an ODT relocation cycle to clear
BBS7 L if either ODTA17 (1) H or ODTA16 (1) H is clear. The assertion of BBS7 L indicates that an
address references the 8K-byte I/O page.

The HWTBT (1) H signal is loaded into the CDAL/BDAL transceivers and gated onto the LSI-11 bus
during the address and data portions of the data-out bus cycle. The MIB decode logic decodes MIB
<9:8> to set or clear the HWTBT latch. The HWTBT (1) H signal is set during the address portion of
a data-out bus cycle. During the data portion of the data-out bus cycle, HWTBT (1) H is set to indicate
a write byte operation and clear to indicate a write word operation. The state of HWTBT is not gated
onto the LSI-11 bus during a data-in cycle.

The BDAL <17:16> L bits are used by the service logic for an address parity check. The bits are
transferred as RDAL <17:16> H to the service logic by RD BDAL (1) L during a data-in bus cycle.
If both RDAL bits are set, an address parity error [PAR ERR (1) H] is generated by the service logic
at the end of phase-bar time. PAR ERR (1) H is used by the reset logic to reset all of the F11 chips
except the MMU chip. PAR ERR (1) H also causes the program to trap to location 114g.

5.9 SERVICE, RESET, AND ODT LOGIC

The service logic gates information onto the CDAL <12:07,05:00> lines in response to various exter-
nal and internal KDF11-BA conditions. The service logic operation is described in Paragraph 5.9.1. The
reset logic monitors various error signal inputs and generates a reset signal for the bus control logic and
the F11 chip set if an error is detected. The reset logic operation is described in Paragraph 5.9.2. The
service and reset logic interface to the LSI-11 bus, CDAL bus, and other KDF11-BA logic is shown in
Figure 5-6.
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The ODT logic gates the ODT address onto the CDAL <21:16>> lines during ODT address cycles.
The operation of the ODT logic is described in Paragraph 5.9.3 and the logic interface is shown in

Figure 5-7.

Figure 5-6 Service and Reset Logic Interface

5.9.1 Read Service Operation

The CDAL <<12:00> lines contain service information during phase-bar time if a relocated address is
not on the CDAL bus. The read service RD SVC (1) L signal from the reset logic gates the service
information onto the CDAL < 12:00> lines at the end of phase-bar time one, or when an MMU abort
occurs at the beginning of phase-bar time four. RD SVC (1) L is cleared by phase time clear PT CLR

L one-half period into phase time one.
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Thirteen service information bits are placed on the CDAL <12:00> lines by tri-state drivers or tri-
state registers. Five of the CDAL lines <06,04:02,00> are driven by tri-state drivers when RD SVC
(1) L is asserted. The signal names and functions for the CDAL lines are described in Table 5-2.

Table 5-2 Service Logic Bits <06,04:02,00>

CDAL Signal

Line Name Function

CDAL 06 H Ground CDAL 06 H is always asserted.

CDAL 04 H CTL ERR (1) L The assertion of this bit indicates that none of the F11 control
chips asserted either CSELA L or CSELB L.

CDAI. 03 H ABORT I. Negation of this bit indicates the occurrence of an MMU
abort.

CDAL 02 H PAR ERR (1) L Assertion of this bit indicates a parity error.

CDAL OO H DCOKC3 (1) L Assertion of this bit indicates that the LSI-11 bus BDCOK H

signal has been valid for at least three phase-to-phase-bar
transitions.

The remaining eight CDAL lines <12:07,05,01> are driven by a tri-state register. The signals de-
scribed in Table 5-3 are clocked into the register by PHASE (0) H at the beginning of phase-bar time
and placed on the CDAL lines when RD SVC (1) L is asserted.

Table 5-3 Service Logic Bits <12:07,05,01>

CDAL Signal

Line Name Function

CDAL 12 H EVENT FLG (1) H The assertion of this bit posts a line clock interrupt request.

CDAL 11 H IRQ 4 H The assertion of this bit posts a level-4 interrupt request.

CDAL 10 H IRQ SH The assertion of this bit posts a level-5 interrupt request.

CDAL 09 H IRQ6 H The assertion of this bit posts a level-6 interrupt request.

CDAL 08 H IRQ 7 H The assertion of this bit posts a level-7 interrupt request.

CDAL 07 H PWR DWN (1) H The assertion of this bit posts a power-down interrupt
request.

CDAL OS5 H HALT H This bit reflects the state of the LSI-11 bus BHALT L line.

CDAL O1 H TIMEOUT (1) H The assertion of this bit indicates that a bus timeout has

occurred.
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5.9.2 F11 Chip Reset Operation

The reset logic generates an F11 chip reset (CHIP RST H) signal for any one of five error conditions
that require immediate attention by the chip set. The CHIP RST H signal is routed to all the F11 chips
except the MMU chip. The CHIP RST H signal is asserted high for any one of the five following
conditions.

1. Control error — A nonexistent control chip is selected by the microcode.
2. Bus error — A nonexistent memory location is accessed.
3. Parity error — A parity error is detected on a current read from memory.

4.  DC power-up — Upon power-up the processor forces the reset logic to assert CHIP RST H to
initialize all internal chip registers. The dc power-up line then clears and is not reactivated
while dc power is on.

5. MMU abort — The MMU has aborted a mapped memory reference. The MMU chip will
assert ABORT L for any of the following reasons.

e The memory location referenced is not present in the current user’s protected address
space.

e  An attempt is made to modify a write-protected location.
e  The user is exceeding his allotted page boundary.

The reset logic input and output signals are shown in Figure 5-6. The CHIP RST H signal is obtained
from a RESET flip-flop that is clocked set at the beginning of phase-bar time four if any one of four
error signals from the service logic is asserted. The service logic error signals are applied to a NOR gate
to produce an enable reset (ENB RST L), which is applied to the D input of the RESET flip-flop and
the master clock control. The assertion of ENB RST L extends phase-bar time through phase-bar time
Six.

The ABORT L signal generated by the MMU chip as a result of a memory error is applied to the set
input of the RESET flip-flop when phase-bar time three begins. The signal names and functions of the
error signals that cause assertion of CHIP RST H are described in Table 5-4. The RESET flip-flop is
cleared by PT CLR L from the master clock control one-half period after phase time one.

Table 5-4 F11 Chip Reset Signals

Signal
Name Function

DCOKC3 (0) H Assertion of this bit indicates that the LSI-11 bus BDCOK H signal has been
valid for less than three phase time-to-phase-bar transitions.

PAR ERR (1) H Assertion of this bit indicates a parity error; a trap to location 114g occurs.
BUS ERR (1) H Assertion of this bit indicates a bus timeout; a trap to location 4g occurs.

NO CSEL H Assertion of this bit indicates that none of the F11 control chips asserted either
CSELA or CSELB; a trap to location 10g occurs.

ABORT L Assertion of this bit indicates an MMU abort; a trap to location 250g occurs.
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5.9.3 ODT Address Logic

During ODT addressing cycles the processor responds to commands and information entered via the
console terminal addresses 777560g through 777566g. The ODT logic interface to the CDAL bus and

other KDF11-BA logic is shown in Figure 5-7.

The ODT logic contains a flip-flop (PT2D) that is used to gate the CDAL <21:16> and MIB 15 H
drivers. PT2D is clocked set during every address cycle at the beginning of phase time two and cleared
one-half period into phase-bar time one by PBT CLR L. The ODT logic also contains an ODT ADR
flip-flop that gates the ODT address bits <<17:16> onto CDAL <17:16> H, controls ODT address
relocation by assertion or negation of MIB 15 H, and enables or disables the MMU by assertion or

negation of DMMUS L.
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Figure 5-7 KDFI11-BA ODT Logic Interface
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During ODT address cycles the ODT ADR flip-flop is clocked set by OSC H at the end of phase time
two and cleared one-half period into phase-bar time. If the ODT ADR flip-flop is set, the PD2D flip-
flop negates CDAL <21:18> H and gates ODT address bits <17:16> onto CDAL <17:16> H.
During normal address cycles the ODT ADR flip-flop is clear and the PT2D flip-flop negates CDAL
<21:16> H. The remaining address bits (<15:00>) are gated onto CDAL <15:00> H by the F11
data chip.

If the two ODT address bits, ODT17 (1) H and ODT16 (1) H, are both set, the phase time address and
BSIO H signal are correct and there is no need to prevent the DAT and MMU chips from responding
to their I/O page addresses. However, if either of the ODT address bits is clear, the ODT logic must
guarantee that the BBS7 L register bit is negated and that the DAT and MMU chips do not incorrectly
respond to an asserted BSIO H during phase time. Therefore, if either ODT17 (1) H or ODT16 (1) H is
clear, the ODT ADR flip-flop asserts DMMUS L to disable the MMU registers, and negates MIB 15
H to force an ODT address relocation cycle. The assertion of DMMUS L prevents the MMU from
decoding CDAL <12:00> for an MMU register address.

The ODT address relocation cycle negates BSIO H and CDAL <21:19>, but presents meaningless
data on CDAL <18:00>. This relocation cycle performs two functions. First, it prevents the DAT chip
from incorrectly responding to a phase time PS address of 177776 on CDAL <15:00>. The DAT chip
sees a relocated address with BSIO H negated. Second, it loads the negated BSIO H signal into the
BBS7 L register bit with the load signal LD BBS7 (1) H. Note that LD BDAL (1) H also updates the
BDAL <21:19> L register bits even though they were correctly negated during phase time.

5.10 FIXED DATA DIN CYCLES

The fixed data logic shown in Figure 5-8 gates the jumper-selected power-up mode and HALT/TRAP
options onto the CDAL bus during DIN cycles. If MIB 03 H is asserted during phase time, the RD
FIXDT flip-flop is set at the end of phase time two and cleared one-half period into phase-bar time one.
RD FIXDT L enables tri-state drivers that gate the following status bits onto the CDAL lines.

CDAL Line | Input Signal and Purpose

CDAL 08 H | Ground. When power-up mode 2 is selected (CDAL bits 01-00 below), this bit specifies
boot address 773000.

CDAL 07 H| LPOK2 (1) L. The assertion of this bit indicates that the LSI-11 bus BPOK H signal is
asserted.

CDAL 02 H| TRAP OPJ L. Assertion of this signal indicates that the trap option jumper has been
installed.

CDAL 01 H| PUP CD1J L. Assertion of this signal indicates that the power-up code bit 01 jumper
has been installed.

CDAL 00 H| PUP CDO0J L. Assertion of this signal indicates that the power-up code bit 00 jumper
has been installed.

5.11 CDAL/IDAL INTERFACE

The CDAL/IDAL transceivers transfer address and data information to and from on-board peripheral
devices connected to the IDAL bus and other internal KDF11-BA logic and/or the LSI-11 bus via the
CDAL bus. The on-board peripheral devices are the console and second serial-line units, the boot-
strap/diagnostic ROMs and the line clock. The CDAL/IDAL interface is shown in Figure 5-9.
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The CDAL/IDAL transceivers are enabled by the EN IDAL (1) L signal. The EN IDAL flip-flop is
clocked clear one-half period into phase-bar time one; this disables the CDAL/IDAL transceivers. The
CDAL/IDAL transceivers are enabled when the EN IDAL flip-flop is clocked set one-half period into
phase-bar three or one-half period into phase time one, whichever occurs first.

The direction of data transfer through the CDAL/IDAL transceivers is controlled by the RD IDAL (1)
H signal obtained from the bus control logic. The RD IDAL (1) H signal is normally low, causing the
transfer of data from the CDAL bus to the IDAL bus. When an IDAL bus register or vector address is
read, RD IDAL (1) H goes high at the end of phase time four and is cleared at the end of phase-bar
time one. RD IDAL (1) H causes the transfer of data from the IDAL bus to the CDAL bus.

5.12 IDAL ADDRESS DECODE

The IDAL address decode logic decodes the IDAL <<12:00> H address bits and generates read and
load signals for the serial-line units, the bootstrap/diagnostic ROMs, the bootstrap/diagnostic registers,
and the line clock register. The IDAL address decode logic is shown in Figure 5-10.

The LD IADR signal from the bus control logic clocks BS7 H and IDAL <12:00> H into the latched
internal address register at the end of phase time three of a normal address cycle, or at the end of
phase-bar time four of a normal address relocation. Because BS7 H reflects BSIO H gated by the asser-
tion of ODT17 (1) H and ODT16 (1) H, ODT relocation cycles do not update the internal address
register. The outputs of the latched internal address register are sent to the programmable logic array
(PLA), ROM read decode logic, and the load and read decoders.

The PLA decodes address, control, and jumper signals to produce signals that control the loading and
reading of various IDAL bus registers. The PLA inputs may be subdivided as follows.

1.  Four wirewrap jumpers:

e J15 BDK DISJ L, when asserted, disables the boot and diagnostic registers, the boot
and diagnostic ROMs, and the line clock register.

e J14 DL1 DISJ L, when asserted, disables the console SLU registers.
e J13 DL2 DISJ L, when asserted, disables the second SLU registers.

e J12 DL2 ADRIJ L, when asserted, changes the base address of the second SLU from
17776500g to 177765403.

2. HWTBT H - This signal is always clear during read data transfers, clear for write-word data
transfers, and set for write-byte data transfers.

3.  HSYNCF H - This signal is clear when reading a vector address and set for a normal read or
write.

4.  This signal is asserted (low) if LBS7 (1) H, LA12 (1) H, and LA10 (1) H are all asserted.
This signal is asserted for all IDAL references. However, it is not decoded for vector address
references.

5. This signal is asserted (low) if LAO8 (1) H and LA06 (1) H are both asserted while LA07 (1)
H is negated. This signal is asserted for all IDAL register references. It is not decoded for
either boot and diagnostic ROM references or for vector address references.

6. LA <11,09,05:01> H — These seven address signals are individually decoded.

7. LA <00> H - If HWTBT H is asserted, this address bit determines whether the high byte
or low byte is referenced.
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The eight PLA outputs are sent to the load and read decoders, the SLU select logic, the SLU/CLK
vector assertion logic, and the zero bit assertion logic. The signal names and functions of the PLA out-
puts are as follows.

1. SEL MMRO LB L - Asserted for low-byte references to memory management status regis-
ter (SRO) at address 17777572g.

2. SEL DL LB L - Asserted for low-byte references to device and vector addresses selected by
the following jumper configurations.

e Device addresses 17777560g through 17777566g if DL1 DISJ L (J14) is ungrounded.

e  Device addresses 17776500g through 17776506g if DL2 DISJ L (J13) and DL2 ADRJ
L (J12) are both ungrounded.

e Device addresses 177765404 through 17776546y if DL2 DISJ L (J13) is ungrounded
and DL2 ADRJ L (J12) is grounded.

3. SEL BK HB H - Asserted for high-byte references to addresses 17777521g through
177775258 and 17777547g if BDK DISJ L (J15) is ungrounded.

4. SEL BK LB L - Asserted for low-byte references to addresses 17777520g through
177775248 and 177775465 if BDK DISJ L (J15) is ungrounded.

5. ZB-3A1 L - Asserted for all register references for which, when read, register bits
<<05:03,01> are always zero.

6. ZB11-08 L — Asserted for all register references for which, when read, register bits
<11:08> are always zero.

7. ZB15-12 L — Asserted for all register references for which, when read, register bits
<15:12> are always zero.

8. TAD SEL H - Asserted if SEL DL LB L, SEL BK HB H, or SEL BK LB L is asserted. Also
asserted for valid DL high-byte references and valid references to the boot and diagnostic
ROM addresses.

The various load and read control signals are produced by three 74LS155 decoders and associated log-
ic. The load signals are sent to the SLU registers, the page control register, the read/write maintenance
register, the boot/diagnostic display register, and the line clock logic when the IAD WR L signal from
the bus control logic is asserted.

The read signals are sent to the SLU registers, the boot configuration register, the SLU/CLK vector
assertion logic, and the read/write maintenance register when the RD IDAL H signal from the bus
control logic is asserted. The ROM read decode logic asserts RD ROM L when the RD IDAL H signal
is asserted. The RBUF select logic uses the RD RBUF L signal from the load and read decoders to read
the contents of either the SLU receiver buffer RD RBUFI1 L or RD RBUF2 L.

5.13 BOOTSTRAP/DIAGNOSTIC AND LINE CLOCK LOGIC
Figure 5-11 shows the bootstrap/diagnostic and line clock logic.
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Figure 5-11 Bootstrap/Diagnostic and Line Clock Logic

The boot and diagnostic page control register consists of two bytes, PCR 13-08 (1) H and PCR 05-00
(1) H, each located in a hex register. These registers are loaded from the IDAL lines by —LD PCR LO
H and by —LD PCR LO H, respectively. A pair of quad multiplexers produce the six most significant
ROM address bits, BTRA 13-08 H. If LA 08 (1) H is set, BTRA 13-08 H equals PCR 13-08 (1) H. If
LA 08 (1) H is clear, BTRA 13-08 H equals PCR 05-00 (1) H.



The boot and diagnostic ROM sockets accept pin-compatible 2K, 4K, and 8K ROMs. These ROMs are
addressed by BTRA 13-08 and by latched internal address bits LA <07:01>. A wirewrap jumper can
replace BTRA13 H with +5 V for 2K EPROMs. The ROM data is gated directly onto IDAL
<15:00> by RD ROM L. The KDF11-BA uses 2K ROMs that are compatible with the BDV11.

The boot and diagnostic read/write maintenance register consists of two bytes located in a pair of 8-bit
universal shift/storage registers. These registers are loaded from IDAL <15:00> by —LD RWR HI
H and —LD RWR LO H. RD RWR H gates their contents onto IDAL <15:00>.

The boot and diagnostic write-only display register consists of four bits located in a quad register. —LD
DSPLY LO H loads this register with data from IDAL <03:00>. Clearing one of the four display
register bits lights a corresponding LED mounted at the top of the KDF11-BA module.

The boot and diagnostic read-only switch register consists of eight switches that are gated onto IDAL
<07:00> by RD SWADR L. The remaining IDAL lines are negated by the zero bit logic driven by
the PLA outputs ZB 15-12 L and ZB 11-9 L. (See Figure 5-10.)

5.13.2 Line Clock Register

the line clock register contains a single read-write bit, KW IE (1) H. This bit is loaded from IDAL 06 H
by —LD KW LO H. KW IE (1) H is held set when the LTC ENJ L signal is asserted by a wirewrap
jumper. The LSI-11 bus BEVENT L signal is received as EVENT H. If KW IE (1) H is set, the lead-
ing edge of EVENT H sets EVENT FLG (1) H.

The logic for reading the line clock register consists of a quad multiplexer that gates KW IE (1) H onto
IDAL 06 H and negates IDAL 07, 02, and 00 H. The remaining IDAL lines are negated by the zero bit
logic driven by the PLA outputs ZB 15-12 L, ZB 11-9 L, and ZB 5-3A1 L. (See Figure 5-10.)

5.14 SERIAL-LINE UNITS
Figure 5-12 (Sheets 1 and 2) shows the logic associated with the serial-line units.

5.14.1 Universal Asynchronous Receiver Transmitters
Each serial line unit is based on a universal asynchronous receiver transmitter circuit, contained in a
single 40-pin package (Digital Part No. 21-13937-01). Each UART contains a receiver section and a

transmitter section.

The receiver section contains receiver data buffer bits 07-00 and receiver status register bit 07. Serial
data (SERIAL IN1 H or SERIAL IN2 H) is clocked into a receiver shift register and then transferred
to the data buffer. Loading the data buffer sets the status bit (RX1 DONE H or RX2 DONE H). The
read control signal (RD RBUF1 L or RD RBUF2 L) gates the data buffer onto IDAL 07-00 H and
clears the status bit.

The transmitter section contains transmitter data buffer bits 07-00 and transmitter status register bit
07. The write control signal (LD TBUF1 L or LD TBUF2 L) loads IDAL 07-00 H into the data buffer
and clears the status bit (TBMT1 H or TBMT2 H). The contents of the data buffer is loaded into the
transmitter shift register (as soon as that register is empty) and then clocked out as serial data (SE-
RIAL OUTI1 H or SERIAL OUT2 H). The status bit is set when the data buffer is empty and able to
receive another character.

For each UART the receiver and transmitter clock inputs are driven by the same clocking signal (RT
CLK1 H or RT CLK 2 H). The clock rate is 16 times the serial data rate.

Character formats are selected by wirewrap jumpers and may consist of seven or eight data bits, one or
two stop bits, parity or no parity, and odd or even parity.
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Figure 5-12 Serial-Line Units (Sheet 1 of 2)
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Figure 5-12 Serial-Line Units (Sheet 2 of 2)
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5.14.2 The DCO003 Interrupt Logic Circuits

Each serial-line unit has an associated DC003 interrupt logic circuit that consists of an 18-pin package.
Each DCO003 provides two interrupt channels for receiver and transmitter interrupts. The receiver chan-
nel has a higher priority than the transmitter channel.

The receiver channel contains a read/write interrupt enable bit [RX1 IE (1) H or RX2 IE (1) H] thatis
accessed as bit 06 of the receiver status register. LD RCSR1 H or LD RCSR2 H loads IDALB 06 H

into this interrupt enable bit.

The transmitter channel contains a read/write interrupt enable bit [TX1 IE (1) H or TX2 IE (1) H]
that is accessed as bit 06 of the transmitter status register. LD TCSR1 H or LD TCSR2 H loads K6

IDALB 06 H into the interrupt enable bit.

If the receiver interrupt enable bit and the receiver done bit (RX1 DONE H and RX2 DONE H) are
both set, or if the transmitter interrupt enable bit and the transmitter ready bit (TBMT1 H and TBMT2
H) are both set, the open collector interrupt request output is asserted. The interrupt request outputs of
the two DCO003 circuits are tied together as DL IRQ L.

The F11 chip set and KDF11-BA logic respond to an SLU interrupt request (DL IRQ L asserted) by
reading the vector address. PT2 (1) L drives the DC003 BDIN inputs and activates all channels re-
questing an interrupt at that time. RD VEC L not only gates the vector address onto IDAL 07-00 H,
but also asserts the console DC003’s BIAKI input. If neither of the interrupt channels in this DC003
were activated by PT2 (1) L, the DC003 asserts its BIAKO output, which drives the BIAKI input of
the other DCO003. The actual vector address gated onto IDAL 07-00 H depends upon DL1 VECB H,
DL1 IAKO H, DL2 VECB H, and DL2 ADRJ L. The selected interrupt channel is cleared.

5.14.3 Register Read Operations
Control signal RD RBUF1 L or RD RBUF2 L gates one of the receiver data buffers onto IDAL 07-00
H. Simultaneously, the assertions of ZB 15-12 L and ZB 11-08 L cause the zero bit assertion logic to

negate IDAL 15-08 H.

Control signal RD RCSR L gates either RX1 DONE H and RX1 IE (1) H or RX2 DONE H and RX2
IE (1) H onto IDAL 07-06 H and negates IDAL 02 H and IDAL 00 H. If LA 09 (1) H is asserted, the
console receiver status register signals are selected. In either case, the assertion of ZB 15-12 L, ZB
11-08 L, and K7 ZB 5-3A1 L causes the zero bit assertion logic to negate the remaining IDAL lines.

Control signal RD TCSR L gates either TBMTI1 H and TX1 IE (1) H or TBMT2 H and TX2 IE (1) H
onto IDAL 07-06 H and negates IDAL 02 H and IDAL 00 H. If LA 09 (1) H is asserted, the console
transmitter status register signals are selected. In either case, the assertion of ZB 15-12 L, ZB 11-08 L,
and K7 ZB 5-3A1 L causes the zero bit assertion logic to negate the remaining IDAL lines.

5.14.4 Baud Rate Generator
A dual baud rate generator circuit contained in an 18-pin IC produces the RT CLK1 H and RT CLK2

H clocking signals for the two serial-line units if the J42-J43 and J45-J46 jumpers are installed.

The baud rate generator and — 12 V Charge Pump are shown in Figure 5-13. The baud rate generator is
driven by a signal provided by a 5.0688 MHz crystal oscillator. The baud rate generator divides the
basic crystal oscillator frequency into one of 16 possible SLU receiver-transmitter frequencies. Four
switches for each serial line select the desired RT clock frequency, which is 16 times the desired SLU
baud rate. The switch configurations for selecting the available baud rates are listed in Table 2-10.
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Figure 5-13 Baud Rate Generator and —12 V Charge Pump

5.14.5 Charge Pump Circuit
The serial-line EIA transmitter-receiver drivers require +12 V and —12 V operating power. The
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