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1.1 GENERAL

This manual contains technical data that will enable
LSI-11 and PDP-11/03 microcomputer users to inter-
face and use LSI-11 system components effectively.
Before reading the detailed technical content of this
manual, the user should become familiar with the basic
characteristics of the LSI-11 processor, as described in
the LSI-11, PDP-11/03 Microprocessor Handbook.

1.2 SCOPE

This manual contains hardware descriptions and in-
formation for using LSI-11 system modules, including
system configuration, installation, and interfacing.
The manual is organized as follows:

Chapter 1 Introduction

Chapter 2 LSI-11 and PDP-11/03 System
Overview

Chapter 3 LSI-11 Bus

Chapter 4 LSI-11 Module Descriptions

(including functional theory of
operation)
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CHAPTERI1
INTRODUCTION

Chapters 5—9 Use of the Various LSI-11
Modules (including jumper
configurations, interfacing,
and programming information)

Chapter 10 User-Designed Interfaces

Chapter 11 System Configuration and In-
stallation

Chapter 12 Peripherals (including the basic

devices available and the re-
quired LSI-11 interface mod-
ule, and cables required for
each)

In addition, quick reference information is included in
appendixes. This information includes a memory map,
LSI-11 bus pin assignments, the 7-bit ASCII code, and
asummary of LSI-11 instructions.

1.3 REFERENCES

The LSI-11, PDP-11/03 Processor Handbook is a re-
quired reference manual for using LSI-11 system com-
ponents. In addition, standard hardware and interface
components are listed and described in the Hardware/
Accessories Catalog and the Logic Handbook.






2.1 GENERAL

All LSI-11 and PDP-11/03 systems are configured by
selecting various LSI-11 module options which can be
installed in a backplane. Although individual system
requirements (in which the LSI-11 system functions as
acontroller and/or data processor) may vary greatly in
each application, LSI-11’s modular concept allows for
efficient use of the microcomputer in a compact, cost-
effective, flexible system design. The PDP-11/03 is a
packaged LSI-11 system, including a processor, 4K
memory, enclosure, H9270 backplane, and H780 power

supply.

In general, all LSI-11 and PDP-11/03 systems include
the KD11-F or KD11-J microcomputer. The KD11-F
is a single §.5 by 10 inch module that contains the
LSI-11 microprocessor and a 4K by 16-bit
semiconductor read/write memory. The KD11-J uses
the same microcomputer module as the KD11-F; how-
ever, it is supplied with the MMV11-A 4K by 16-bit
core memory instead of the semiconductor memory.
Either type of basic LSI-11 or PDP-11/03 system can
be expanded by adding various memory and peripheral
device interface options.

2.2 SYSTEM CONFIGURATIONS
LSI-11 systems can be configured using one of three
general approaches:

1. Modules only: The user purchases only the
basic module(s).

2. Modules and backplane: The user purchases
an LSI-11 subsystem that is easily mounted
in a larger system.

3. LSI-11 systemin a box: The user purchases a
PDP-11/03 system. It includes the KD11-F
or KD11-J processor and 4K memory, an
H9270 backplane, and an H780 power sup-
ply installed in a rack-mountable enclosure.
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Systems are configured using the basic modules de-
scribed in the following paragraphs.

2.3 LSI-11 MICROCOMPUTER

This paragraph focuses on the KD11-F (processor and
4K semiconductor memory), which is the basic LSI-11
microcomputer. The KD11-J has all of the basic fea-
tures of the KD11-F, except for the semiconductor
memory; the MMV 11-A core memory is included as a
separate module.

Each KD11-F features:

* A low-cost, powerful processor for integra-
tion into any small- or medium-sized
computer system.

® Direct addressing of 32K 16-bit words or
64K 8-bit bytes (K = 1024).

* Efficient processing of 8-bit characters with-
out the need to rotate, swap, or mask.

® Asynchronous operation that allows system
components to run at their highest possible
speed; replacement with faster devices means
faster operation without other hardware or
software changes.

* A modular component design that provides
ease and flexibility in configuring systems.

¢ Hardware memory stack for handling struc-
tured data, subroutines, and interrupts.

® Direct memory access for high data rate
devices inherent in the bus architecture.

* Eight general-purpose registers that are
available for data storage, pointers, and
accumulators. Two are dedicated: SP and
PC.

® A bus structure that provides position-
" dependent priority as peripheral device inter-
faces are connected to the I/0 bus.



e Fast interrupt response without device
polling.

* A powerful and convenient set of program-
ming instructions.

e A jumper-selected power-up mode that
enables restart through a power-up vector,
console Octal Debugging Technique (ODT)
microcode subset, or a bootstrap program.

¢ On-board 4K RAM

¢ An ODT microprogram that controls all
manual entry/display functions previously
performed by a control panel through a
serial ASCII device (optional) which is
capable of transmitting and receiving ODT
commands and data.

®  Compactsize (only 8.5 by 101in.).

2.4 1/0 BUS CONCEPT

The LSI-11 170 bus is simple, fast, and easy to use as
an interface between the LSI-11 microcomputer,
memory, and peripheral interface modules. It
comprises 17 control lines and a 16-line data/address
bus. All modules connected to this bus receive the same
interface signals.

Address/data and control lines are open-collector lines
which are asserted low. The microcomputer module is
capable of driving six device locations along the bus.
Peripheral interface or memory modules can be in-
stalled in any location along this bus.

Both address and data words (or bytes) are time multi-
plexed over 16 bus lines. For example, during a pro-
grammed data transfer, the LSI-11 microcomputer
first asserts an address on the bus for a fixed time.
After the address time has been completed, the proces-
sor performs either an input or output data transfer;
the actual data transfer is asynchronous and requires a
response from the addressed device. Bus synchroniza-
tion and control signals provide this function.

Control signal lines include two daisy-chained grant
signals which provide a priority-structured 1/0 system.
The highest priority device is the module electrically
closest to the KD11-F (or KD11-J) module. Higher
priority devices pass a grant signal to lower priority
devices only when not requesting service. (Memory
options or devices which do not use these signals must
connect the chain.)

The KD11-F contains a memory address register and
4K bank address decoder for its resident memory,
which can be assigned to bank O or bank 1. Bank 7 is
also decoded when addresses ranging from 160000 to
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177777 are placed on the bus. These addresses are
normally used for addressing nonmemory devices, thus
eliminating the need for bank address decoding on
peripheral device interface modules.

The bus provides a vectored interrupt capability for
any interface device. Hence, device polling is not re-
quired in interrupt processing routines. This results in
a considerable savings in processing time when many
devices requiring interrupt service are intérfaced along
the bus. When a device receives an interrupt grant
(acknowledge), the KD11-F inputs the device’s inter-
rupt vector. The vector points to two addresses which
contain a new processor status word and the starting
address of the interrupt service routine for the device.

One bus signal line functions as an external event inter-
rupt input to the KD11-F module. This signal line can
be connected to a frequency source, such as a line fre-
quency, and used as a line time clock (LTC) interrupt.
A jumper on the KD11-F module enables or inhibits
this function. When enabled, the device connected to
this line has the highest interrupt priority external to
the processor. Interrupt vector 100 is reserved for this
function, and an interrupt request via the BEVNT line
causes new PC and PS words to be loaded from
locations 100, and 102,.

Memory refresh of dynamic MOS read/write memory
is accomplished by bus signals. Refresh operation is
controlled by either the processor module microcode or
a user-supplied intelligent DMA device.

The processor can be placed in the Halt mode by as-
serting one bus signal. This allows peripheral devices
or a separate switch to invoke console ODT microcode
operation.

Power-up/power-down sequencing is controlled by two
bus signals. One signal, when in its true state, implies
that primary power is normal. The second signal is in
its true state when sufficient dc power is available (and
voltages are normal) for normal system logic operation.
These signals are produced by circuits contained in the
H780 power supply (PDP-11/03 only) or by the user’s
system (circuits external to the LSI-11 system
components).

Direct memory access (DMA) operation is controlled
by three bus signals. Logic on the processor module,
which is normally bus master, arbitrates DMA requests
and grants bus mastership to the highest priority device
requesting the bus. Priority is position-dependent
through the use of a daisy-chained DMA grant signal.



2.5 MEMORY OPTIONS

Memory options are available for expanding memory
to 28K. The basic LSI-11 microcomputer is supplied
with read/write memory. KD11-F’s memory consists of
a 4K dynamic MOS array which is physically located
on the processor module. KD11-J’s memory is a 4K
magnetic core array contained on a separate module;
the processor module supplied with the KD11-J con-
tains no semiconductor memory components.

Optional memory modules include:

MRVI{I-AA — 4K by 16-bit programmable read-
only memory on an 8.5 by 5 inch module. Re-
quires one device location on the I/O bus. Can be
configured using either 256 by 4-bit or 512 by 4-
bit field programmable or masked ROMs for a
maximum capacity of 2048 or 4096 16-bit words.

MSVII-A — 1K by 16-bit static read/write
memory on an 8.5 by 5 inch module. Requires
one device location on the 170 bus.

MMVI1I-A — 4K by 16-bit core memory on an
8.5 by 10 by 0.9 inch module. Requires two de-
vice locations on the I/0 bus when installed in
the backplane (preferred location slots A4-D4).
This allows a daughterboard (part of the MMV-
11-A) to extend slightly beyond the backplane
without using additional device locations. If not
installed in this location, the MMV11-A requires
four device locations because of the additional
modaule thickness (0.9 inch instead of 0.5 inch for
all other modules).

MSViI-B — 4K by 16-bit dynamic MOS read/
write memory on an 8.5 by S inch module. Re-
quiresonedevice locationonthel/O bus. Refresh
is automatically performed by the KD11-F proc-
essor microcode or by an external device.

2.6 PERIPHERAL INTERFACE OPTIONS

Two basic interface modules are used for serial and
parallel programmed 1/0 transfer between the LSI-11
bus and peripheral devices. The DLV11 is a serial line
unit used for serial S- to 8-bit data transfers between a
device and the bus. It interfaces either EIA-compatible
or 20 mA current loop devices to the bus using optional
cables which select the type of serial interface desired.
The cables are completely connector- and pin-
compatible with available modems, DECwriter, DEC-
scope, and teletypewriter options. The DRV11 is a
general-purpose parallel line unit interface which is
capable of 16-bit input and 16-bit output parallel
transfers to/from user devices.

2-3

Both interface units contain all required control/status
registers, interrupt control logic, and bus interface
logic. The user can easily assign unique device and
vector addresses for each device by changing the
jumpers on each interface module.

Peripheral interface options include:

DL V11— Serial line unit interfaceonan 8.5 by 5
inch module. Requires one device location on the
bus. Jumpers select crystal-controlled baud rates
(50—9600 baud) and serial word format, in-
cluding number of stop bits, number of data
bits, and even, odd, or no parity bit. Optional
interface cables include the BCOSM, which con-
nects the DLV11 to 20 mA current loop peri-
pheral devices, and the BCO5C, which connects
the DLV11 to EIA-compatible devices (modems)
via a Cinch DB-25P connector.

DRVI1I— General-purpose parallel line unit in-
terface on an 8.5 by 5 inch module. Requires one
devicelocation on the bus. Two 40-pin connectors
are included on the module for user interface
application. One is the 16-bit input and the other
is the 16-bit output. Optional interface cables
are described in the Hardware/Accessories
Catalog.

2.7 BACKPLANE, POWER SUPPLY, AND
HARDWARE OPTIONS

Backplane, power supply, and hardware options pro-
vide a convenient means for configuring the LSI-11
system. An LSI-11 system usually requires an inter-
connection scheme. The H9270 backplane assembly is
the most convenient to use. It is prewired for the LSI-11
1/0 bus pinning and can accept one KD11-F micro-
computer and up to six LSI-11 interface or memory
modules. It includes a card guide assembly which
provides mechanical stability for the modules. Power
and ground are applied to the backplane via a screw-
terminal block.

Power can be obtained from the system in which the
LSI-11 subsystem is installed, or the H780 (115 or 230
Vac input) power supply (included in PDP-11/03 sys-
tems) can be used. The power supply provides the re-
quired regulated voltages for all LSI-11 modules con-
nected to the backplane. In addition, it generates the
necessary bus signals to initiate the KD11-F or KD11-J
power-up or power-fail processor sequence. Hardware
options include standard hardware accessories listed in
DIGITAL’s Hardware/Accessories Catalog.



2.8 POWER REQUIREMENTS MSV11-A
The power requirements for LSI-11 system modules 5%8.50%0.5
are given in Table 2-1. MSV11-B
Table2-1 5x8.50%0.5
LSI-11 Modules Power Requirements MRVI11-AA
5x8.50%0.5
Designation SV £5% | +12V £3%  pivqviga
Typ| Max| Typ | Max 10x8.50%0.9
KD11-F 1.8A |2.4A |0.8A |[1.6A DLV11
KD11-] 6.4A |9.0A |1.2A |[1.5A 5x8.50%0.5
DLV11 1.0A | 1.6A |180 mA{250 mA
DRV11 0.9A | 1.6A DRVlslx8 50%0.5
MRV11-AA (with- : :
out memory chips) |0.4A |0.6A
MRV11 (with4K Electrical .
memory chips) 2.8A |4.1A Input Logic Levels
MSV11-A 0.8A |1.8A |0.1A [0.1A TTL Logical Low: 0.8 Vdc max
MSV11-B 0.6A |1.2A |0.3A [0.7A TTL Logical High: 2.0 Vdc min
MMV11-A (standby) | 3.0A 0.2A Output Logic Levels
MMV11-A TTL Logical Low: 0.4 Vdc max
(operating) 7.0A 0.6A TTL Logical High: 2.4 Vdc min

The input power requirements for PDP-11/03 systems

are:

PDP-11/03-AA or-BA
100-127 Vac (115 Vac nominal), 50 + 1 Hz or
60 + 1 Hz, single phase, 400 W maximum (in-
cluding options) (190 W typical)

PDP-11/03-AB or-BB
200-254 Vac (230 Vac nominal), 50 = 1 Hz or
60 =z 1 Hz, single phase, 400 W maximum (in-
cluding options) (190 W typical)

2.9 GENERAL SPECIFICATIONS
Dimensions (in.)
KD11-F

10.5 % 8.50 x 0.5

Bus Receivers
Logical Low: 1.3 Vdcmax,-10uA max atOV
Logical High: 1.7 Vdc min, 80uA max at 2.5V

Bus Drivers
Logical Low: 0.8 Vdcmaxat 70 mA
Logical High: 25,A maxat 3.5V

Environmental
Ambient Temperature, PDP-11/03 System:
Operating: 5° to40° C

Ambient Temperature, LSI-11 modules:
Operating: 5° to 50° C (41° to 122° F)
Nonoperating: —40° t0 66° C (—40° to
+ 150°F)

Derate at 60° C/1000 ft. above 8000 ft.

Humidity
10 to 90 percent, noncondensing

Air Flow
200 linear ft./minute min. (modules only)

24



3.1 CHOOSING AN 1/0 TRANSFER TYPE
Before interfacing the processor with any peripheral
device, the designer must determine the type of 1/0
transfer that would be best suited for the application:
programmed 1/0 transfers, DMA, or interrupt-driven
transfers.

Programmed 1/0 transfers are executed by single- or
double-operand instructions. The instruction can be
used to input or output a 16-bit data word or an 8-bit
byte. By including the device’s address as the effective
source or destination address, the user selects the input
or output operation. In many instances, the program-
mer inputs a byte from the device’s CSR to determine
that the device has input data ready or that it is ready to
accept the processor’s output data.

DMA transfers are the fastest method of transferring
data between memory and a device. They can occur
between processor bus cycles and do not alter processor
status in any way. Addressing, controlling the size of
the data block (number of word or byte transfers in the
operation), and type of transfer are under the control of
the requesting device. The processor does not modify
data being moved in the DMA mode. Thus, blocks of
data can be moved at memory speeds via the DMA
transfer mode. The processor sets up these conditions
before the DMA transfer is executed.

Interrupts allow the processor to continue a
programmed operation (sometimes called a back-
ground program) without waiting for a device to be-
come ready to transfer data. When the device does
becomeready, it interrupts the processor’s background
program execution and causes execution of a device
interrupt service routine. After the device’s service
routine has been executed, the background program is
restored and program execution resumes at the point
where it was interrupted.
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CHAPTER3
THE LSI-11 BUS

3.2 DEVICE PRIORITY

Each device has an 1/0 priority based on its distance
from the processor. When two or more devices request
interrupt service, the device electrically closer to the
microcomputer will receive the interrupt grant
(acknowledge). The microcomputer can be inhibited
from issuing more grants by setting the processor’s
priority to 4 in the PS word. Bit 7 in the new PS word
should be a 1. If further interrupts are to be serviced,
the processot’s priority should be 0, and bit 7 in the new
PS word should be a 0. Consequently, interrupts can be
nested to any level. Factors to consider when assigning
device priorities are:

1. Device Operating Speed — Data from a
fastdeviceisavailablefor only a short period;
highest priorities are usually assigned to fast
devices to prevent loss of data and to prevent
the bus from being tied up by slower devices.

2. Ease of Data Recovery — If data from a de-
vice is lost, recovery may be automatic, may
require manual intervention, or may be im-
possible to recover; highest priorities are as-
signed to devices whose data cannot be
recovered.

3. Service Requirements — Some devices can-
not function without help from the proces-
sor, while DMA devices can operate in-
dependently and require only minimal proc-
essor intervention; devices requiring con-
tinual help from the processor for servicing
are assigned to lowest priorities to prevent
tyjing up the processor.

Both address and data are multiplexed onto the 16
BDAL lines. In addition, individual control signals se-
quence programmed 1/0 operations, direct memory
access (DMA), and processor interrupts. Any bus-



compatible modulecan be inserted into anybus location
and still receive interface signals; however, the
module’s priority, which is position-dependent along
the bus, will change.

3.3 MODULE CONTACT FINGER
IDENTIFICATION

DIGITAL plug-in (FLIP CHIP) modules, including
LSI-11 modules, all use the same contact finger (pin)
identification system. The LSI-11 I/O bus is based on
the use of double-height modules. These modules plug
into a two-slot bus connector, each containing 36 lines
per slot (18 each on component and solder sides of the
circuit board). Although the LSI-11 processor module
and core memory module are quad-height modules
that plug into four connector slots, only two slots (A
and B) are used for interface purposes on the processor
module. Etched circuit jumpers on the unused portion

PIN AA1

PIN AV

PIN BAt

COMPONENT SIDE

PIN BV1

ROW A

ROW B

of the module maintain continuity of grant signals
BIAKI L to BIAKO L and BDMGI L to BDMGO L.
These daisy-chained signals are described later.

Slots, shown as ROW A and ROW B in Figure 3-1, in-
clude 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 a
particular pin on a side of a slot. Hence, a typical pin is
designated as:

BE2
Slot (Row) t It Module Side Identifier
Identifier ‘“‘solder side”’
“Slot B” Pin Identifier

“Pin E”

.
f
A
s
;
1
b
o

4
o
4
ﬁ
1 0
-
:

SOLDER SIDE

PIN BV2
CP-1403

Figure3-1 Module Contact Finger Identification

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

Quad-height modules are similarly pin numbered.
They are identified in Figure 3-2.

3-2

Individual connector pins, viewed from the underside
(wiring side) of a backplane, are identified as shown in
Figure 3-3. Only the pins for one bus location (two
slots) are shown in detail. This pattern of pins is re-
peated eight times on the H9270 backplane, allowing
the user to install one LSI-11 microcomputer module
(four slots) and up to six additional two-slot modules.
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Figure3-3 LSI-11, PDP-11/03 Backplane Module Pin Identification
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3.4 BUS SIGNALS

H9270 backplane pin assignments are listed and

respeétively. Applicable bus cycle timing and specifi-
cations are discussed in Paragraphs 3.12, 3.13, and

described in Table 3-1. Only slots A and B are listed. 3.14.
However, they are identical to slots C and D,

Table 3-1
Backplane Pin Assignments

Bus

Pin Mnemeonic Description

AA1l BSPARE1

ABI1 BSPARE2 .

AC1 BSPARE3 Bus Spare (Not assigned. Reserved for DIGITAL use.)

AD1 BSPARE4

AE1 SSPAREL1

AF1 SSPARE2 Special Spare (Not assigned, not bused. Available for user interconnections.)

AH1 SSPARE3 |- Spum~ « o~ (RICSSIR

All GND Ground — System signal ground and dc return.

AK1 MSPAREA Maintenance Spare — Normally connected on the backplane at each option

AL1 MSPAREA location (not bused connection).

AM1 GND Ground — System signal ground and dc return.

AN1 BDMRL Direct Memory Access (DMA) Request — A device asserts this signal to request
bus mastership. The processor arbitrates bus mastership between itself and all
DMA devices on the bus. If the processor is not bus master (it has completed a
bus cycle and BSYNC L is not being asserted by the processor), it grants bus
mastership to the requesting device by asserting BDMGO L. The device re-
sponds by negating BDMR L and asserting BSACK L.

AP1 BHALTL ProcessorHalt—When BHALT L is asserted, the processor responds by halting
normal program execution. External interrupts are ignored but memory refresh
interrupts (enabled if W4 on the processor module is removed) and DMA re-
quest/grant sequences are enabled. When in the halt state, the processor exe-
cutes the ODT microcode and the console device operation is invoked.

AR1 BREFL Memory Refresh — Asserted by a processor microcode-generated refresh in-
terrupt sequence (when enabled) or by an external device. This signal forces all
dynamic MOS memory units to be activated for each BSYNC L/BDIN L bus
transaction.

CAUTION
The user should avoid using multiple DMA data transfers [Burst or
“hog”” mode] during a processor-generated refresh operation so
that a complete refresh cycle can occur once every 1.6 ms.

AS1 PSPARE3 Spare (Not assigned. Customer usage not recommended.)

AT1 GND Ground — System signal ground and dc return.

AUl PSPAREL Spare (Not assigned. Customer usage not recommended.)

AV1 +5B +35 V Battery Power — Secondary +35 V power connection. Battery power can
be used with certain devices.

BA1 BDCOKH DC Power OK — Power supply-generated signal that is asserted when there is

sufficient dc voltage available to sustain reliable system operation.
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Table 3-1 (Cont)

Backplane Pin Assignments
Bus
Pin Mnemonic Description

BB1 BPOKH Power OK — Asserted by the power supply when primary power is normal.
When negated during processor operation, a power fail trap sequence is ini-
tiated.

BC1 SSPARE4

BD1 SSPARES

BE1 SSPARE6 Special Spare (Not assigned, not bused. Available for user interconnections.)

BF1 SSPARE7

BH1 SSPARES

BJ1 GND Ground — System signal ground and dc return.

BK1 MSPAREB Maintenance Spare —— Normally connected on the backplane at each option

BL1 MSPAREB location (not a bused connection).

BM1 GND Ground — System signal ground and dc return.

BN1 BSACKL This signal is asserted by a DMA device in response to the processor’s BDMGO
L signal, indicating that the DMA device is bus master.

BP1 BSPARES6 Bus Spare (Not assigned. Reserved for DIGITAL use.)

BR1 BEVNTL External Event Interrupt Request — When asserted, the processor responds
(if PS bit 7 is 0) by entering a service routine via vector address 100,4. A typical
use of this signal is a line time clock interrupt.

BS1 PSPARE4 Spare (Not assigned. Customer usage not recommended.)

BT1 GND Ground — System signal ground and dc return.

BU1 PSPARE2 Spare (Not assigned. Customer usage not recommended.)

BV1 +5 +S5V Power — +5 Vdc system power.

AA2 +5 +5V Power-—Normal +5 Vdc system power.

AB2 -12 -12V Power —-12 Vdc (optional) power for devices requiring this voltage.

NOTE
LSI-11 modules which require negative voltages contain an in-
verter circuit (on ench module) which generates the required volt-
age(s); hence, -12 V power is not required with DIGITAL-supplied
options.

AC2 GND Ground — System signal ground and dc return.

AD2 +12 +12V Power — +12 Vdcsystem power.

AE2 BDOUTL Data Output-— BDOUT, when asserted, implies that valid data is available on
BDALO—15 L and that an output transfer, with respect to the bus master de-
vice, is taking place. BDOUT L is deskewed with respect to data on the bus. The
slave device responding to the BDOUT L signal must assert BRPLY L to
complete the transfer.

AF2 BRPLYL Reply — BRPLY L is asserted in response to BDIN L or BDOUT L and during

IAK transactions. It is generated by a slave device to indicate that it has input
dataavailable onthe BDAL bus or that it has accepted output data from the bus.
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Table 3-1 (Cont)
Backplane Pin Assignments

Bus
Pin

Mnemonic

Description

AH2

AJ2

AK2

AL2

AM2
AN2

AP2

AR2
AS2

AT2

BDINL

BSYNCL

BWTBTL

BIRQL

BIAKIL
BIAKOL

BBS7L

BDMGIL
BDMGOL

BINITL

Data Input — BDIN L is used for two types of bus operations:

1. When asserted during BSYNC L time, BDIN L implies an input transfer
with respect to the current bus master, and requires a response (BRPLY L).
BDIN L is asserted when the master device is ready to accept data from a
slave device.

2. When asserted without BSYNC L, it indicates that an interrupt operation
is occurring.

The master device must deskew input data from BRPLY L.

Synchronize — BSYNC L is asserted by the bus master device to indicate that it
has placed an address on BDALO—15 L. The transfer is in process until
BSYNCL is negated.

Write/Byte — BWTBT L is used in two ways to control a bus cycle:

1. Ttisasserted during the leading edge of BSYNC L to indicate that an output
sequence is to follow (DATO or DATOB), rather than an input sequence.

2. Itisasserted duringBDOUT L, in a DATOB bus cycle, for byte addressing.

Interrupt Request— A device asserts this signal when its Interrupt Enable and
Interrupt Request flip-flops are set. This signal informs the processor that a
device has data to input to the processor or it is ready to accept output data. If
the processor’s PS word bit 7 is 0, the processor responds by acknowledging the
request by asserting BDINL and BIAKO L.

Interrupt Acknowledge Input and Interrupt Acknowledge Output — This is
an interrupt acknowledge signal which is generated by the processor in response
to an interrupt request (BIRQ L). The processor asserts BIAKO L, which is
routed to the BIAKI L pin of the first device on the bus. If it is requesting an in-
terrupt, it will inhibit passing BIAKO L. If it is not asserting BIRQ L, the device
will pass BIAKI L to the next (lower priority) device via its BIAKO L pin and the
lower priority device’s BIAKI L pin.

Bank 7 Select — The bus master asserts BBS7 L when an address in the upper
4K bank (address in the 28-32K range) is placed on the bus. BSYNC L is then
asserted and BBS7 L remains active for the duration of the addressing portion
of the bus cycle.

DMA Grant-Input and DMA Grant-Output— This is the processot-generated
daisy-chained signal which grants bus mastership to the highest priority DMA
device along the bus. The processor generates BDMGO L, which is routed to
the BDMGI L pin of the first device on the bus. If it is requesting the bus, it will
inhibit passing BDMGO L. If it is not requesting the bus, it will pass the
BDMGI L signal to the next (lower priority) device via itt BDMGO L pin. The
device asserting BDMR L is the device requesting the bus, and it responds to the
BDMGI L signal by negating BDMR, asserting BSACK L, assuming bus
mastership, and executing the required bus cycle.

CAUTION
DMA device transfers must be single transfers and must not in-
terfere with the memory refresh cycle.

Initialize — BINIT is asserted by the processor to initialize or clear all devices
connected to the I/0 bus. The signal is generated in response to a power-up
condition (the negated condition of BDCOK H).
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Table 3-1 (Cont)

Backplane Pin Assignments

Bus

Pin Mnemonic Description

AU2 BDALOL Data/Address Lines-— These two lines are part of the 16-line data/address bus

AV2 BDALIL over which address and data information are communicated. Address informa-
tion is first placed on the bus by the bus master device. The same device then
either receives input data from, or outputs data to the addressed slave device or
memory over the same bus lines.

BA2 +5 +5V Power — Normal +5 Vdc system power.

BB2 -12 -12'V Power — -12 Vdc (optional) power for devices requiring this voltage.

BC2 GND Ground — System signal ground and dc return.

BD2 +12 +12V Power— +12 V system power

BE2 BDAL2L

BF2 BDAL3L

BH2 BDAL4L

B2 BDALSL

BK2 BDAL6L

BL2 BDAL7L

BM2 BDALSL Data/Address Lines -— These 14 lines are part of the 16-line data/address bus

BN2 BDAL9L previously described.

BP2 BDALI10L

BR2 BDALI11L

BS2 BDAL12L

BT2 BDAL13L

BU2 BDAL14L

BV2 BDALISL

3.5 BUS CYCLES

3.5.1 General

Every processor instruction requires one or more 1/0
operations. The first operation required is a data input
transfer (DATI), which fetches an instruction from the
location addressed by the program counter (PC or R7).
This operation is called a DATI bus cycle. If no addi-
tional operands are referenced in memory or in an 1/0
device, no additional bus cycles are required for in-
struction execution. However, if memory or a device is
referenced, additional DATI, data input/ output
(DATIO or DATIOB), or data output transfer (DATO
or DATOB) bus cycles are required. Between these bus
cycles, the processor can service DMA requests. In
addition, the processor can service interrupt requests
only prior to an instruction fetch (DATI bus cycle) if
the processor’s priority is zero. (PS word bit 7 is 0.)

The following paragraphs describe the types of bus
cycles. Note that the sequences for 1/0 operations be-
tween processor and memoty or between processor and
I/0 device are identical. DATO (or DATOB) cycles are
equivalent to write operations, and DATI cycles are
equivalent to read operations. In addition, DATIO
cycles include an input transfer followed by an output
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transfer. The DATIO cycle provides an efficient means
ofexecuting an equivalent read-modify-write operation
by making it unnecessary to assert an address a second
time.

3.5.2 Input Operations

The sequence for a DATI operation is shown in Figure
3-4. DATI cycles are asynchronous and require a re-
sponse from the addressed device or memory. The ad-
dressed memory or device responds to its input request
(BDIN L) by asserting BRPLY L. If BRPLY is not
asserted within 10us (max) after BDIN L is asserted,
the processor terminates the cycle and traps through
location 4.

Note that BWTBT L is not asserted during the address
time, indicating that an input data transfer is to be
executed.

A DATIO cycle is equivalent to a read-modify-write
operation. An addressing operation and an input word
transfer are first executed in a manner similar to the
DATI cycle; however, BSYNC L remains in the active
state after completing the input data transfer. This
causes the addressed device or memory to remain



BUS MASTER
(PROCESSOR OR DEVICE)

ADDRESS DEVICE/MEMORY
® Assert BDALO-15 L with
address and
® Assert BBS7 if the
address is in the 28 - 32K range
e Assert BSYNC L

SLAVE
(MEMORY OR DEVICE)

\ \
~
\
\ \
DECODE ADDRESS
e Store “‘device selected’”
operation
REQUEST DATA
¢ Remove the address
from BDALO-S L
and negate BBS7 L
\
e Assert BDIN L S~
\
\
INPUT DATA
® Place data on BDALO-15 L
® Assert BRPLY L

TERMINATE INPUT TRANSFER
® Accept data and respond by
negating BDIN L

TERMINATE BUS CYCLE

o Negate BSYNC L -—

OPERATION COMPLETED

~a

® Terminate BRPLY L 11-3138

Figure 3-4 DATI BusCycle

selected, and an output data transfer follows without
any further addressing. After completing the output
transfer, the device terminates BSYNC L, completing
the DATIO cycle. The actual sequence required for a
DATIO cycle is shown in Figure 3-5. Note that the
output data transfer portion of the bus cycle can be a
byte transfer; hence, this cycle is shown as DATIOB.

3.5.3 Output Operations
The sequence required for a DATO or the equivalent
output byte (DATOB) bus cycle is shown in Figure 3-6.
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Like the input operations, failure to receive BRPLY L
within 10us after asserting BDOUT L is an error, and
results in a processor time-out trap through location 4.

Note that BWTBT L is asserted during the addressing
portion of the cycle to indicate that an output data
transfer is to follow. If a DATOB is to be executed,
BWTBT L remains active for the duration of the bus
cycle; however, if a DATO (word transfer) is to be exe-
cuted, BWTBT L is negated during the remainder of
the cycle.



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

ADDRESS DEVICE/MEMORY
® Assert BDALO-15 L with
address
® Assert BBS7 L and if the
address is in the 28 - 32K range
® Assert BSYNC L

—
—
—_——
DECODE ADDRESS
® Store “'device selected”’
operation
I e
/ -
- —_—
REQUEST DATA
® Remove the address from
BDALO-15L
and negate BBS7 L~~~ __ —
e Assert BDIN L ——
—— —— -
INPUT DATA
® Place data on BDALO-15 L
® Assert BRPLY L
— /
3 /
—"
/
TERMINATE INPUT TRANSFER
® Accept data and respond by
terminating BDIN L
\
\
~—
~—
-~
'COMPLETE INPUT TRANSFER
® Remove data
® Terminate BRPLY L
/
/
/
/ /
OUTPUT DATA
® Place output data on BDALO-15 L
o (Assert BWTBT L if an output
byte transfer)
® Assert BDOUT L
\
——
— ——————
TAKE DATA
® Receive data from BDAL lines
® Assert BRPLY L
e e
—/
-— e
TERMINATE OUTPUT TRANSFER
o Terminate BDOUT L, and remove
data from BDAL lines
——
— ——
T ——
OPERATION COMPLETED
— — ¢ Terminate BRPLY L
TERMINATE BUS CYCLE e —
® Negate BSYNC L -’
(and BWTBT L if in 11-3139

a DATIOB bus cycle)

Figure 3-5 DATIO or DATIOB Bus Cycle



SLAVE

BUS MASTER
(MEMORY OR DEVICE)

(PROCESSOR OR DEVICE)

ADDRESS DEVICE/MEMORY

® Assoert BDALO-15 L with
address and

® Assert BBS7 L (if address
is in the 28 - 32K range)

® Assert BAWTBT L (write
cycle)
Assert BSYNC L

~—
S~ ~
\
DECODE ADDRESS
e Store “‘device selected”
operation
OUTPUT DATA

e Remove the address from

BDALO- 151

and negate BBS7 L and BWTBT L

(BWTBT L remains active if

DATOB cycle}
e Place data on BDALO-15 L \
e Assert BDOUTL \

TAKE DATA

® Receive data from BDAL lines
® Assert BRPLY L

/

TERMINATE OUTPUT TRANSFER
® Remove data from BDALO-15L

and negate BDOUT L

OPERATION COMPLETED
e Terminate BRPLY L

/
‘/

TERMINATE BUS CYCLE
e Negate BSYNC L (and BWTBT L
if a DATOB bus cycle)

11-3140

Figure 3-6 DATO or DATIOB Bus Cycle
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3.6 DMA OPERATIONS

DMA 1/0 operations involve a peripheral device and
system memory. A device can transfer data to or from
the 4K memory on the processor module or any read/
write memory module along the bus. The actual se-
quence of operations for executing the data transfer
once a device has been granted DMA bus control is as
previously described for input and output I/O bus
cycles, except the DMA device, not the processor, is
bus master (controls the operation). Memory ad-

LSI-11 PROCESSOR

dressing, timing, and control signal generation/
response are provided by logic contained on the
device’s DMA interface module; the processor is not
involved with address and data transfers during a
DMA operation.

The required DMA sequence is shown in Figure 3-7. A
device requests the I/0 bus by asserting BDMR L.
After completing the present bus cycle, the processor
responds by asserting BDMGO L, allowing the device

{MEMORY IS SLAVE) DEVICE
REQUEST BUS
® Assert BDMR L
/ /
—
/ —
GRANT BUS CONTROL
® Near the end of the current
bus cycle (BRPLY L is negated),
assert BDMGO L and inhibit
new processor generated
BSYNC L for the duration
of the DMA operation. \
\
~—
\ ACKNOWLEDGE BUS MASTERSHIP
® Wait for negation of
~—a BSYNC L and BRPLY L
® Assert BSACK L
/ ® Negate BOMR L
/
//
TERMINATE GRANT SEQUENCE /
® Negate BDMGO L and
wait for DMA operation
to be completed
—~—
\ \
— ~a EXECUTE A DMA DATA
TRANSFER (DEVICE IS
BUS MASTER)
e Address memory and transfer
data as described for DATI,
DATIO, DATIOB, DATO,
DATOB bus cycles
o Release the bus by
terminating BSACK L
/ (no sooner than negation
_— of last BRPLY L) and
/ BSYNC L.
/'
RESUME PROCESSOR
OPERATION /
o Enable pr "

k-
BSYNC L (Processor is
Bus master) Or issue
another grant if BDMR L
is asserted,

Figure3-7 DMA Request/Grant Sequence

11-3141
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to become bus master. It also inhibits further processor
generation of BSYNC L, preventing processor-
initiation of a new bus cycle. The device responds by
asserting BSACK L and negating BDMR L, causing
the processor to terminate BDMGO L; the device is
now bus master and it can execute the required data
transfer in the same manner described for a DATI,
DATIO, DATIOB, DATO, or DATOB bus cycle.
When the data transfer is completed, the device
returns bus master control to the processor by termi-
nating the BSACK L and BSYNC Lsignals.

3.7 INTERRUPTS

Interrupts are requests made by peripheral devices
which cause the processor to temporarily suspend its
present (background) program execution to service the
requesting device. Each device which is capable of
requesting an interrupt has a service routine which is
automatically entered when the processor acknowl-
edges the interrupt request. After completing the
service routine execution, program control is returned
to the interrupted program. This type of operation is
especially useful for the slower peripheral devices.

A device can interrupt the processor only when inter-
rupts are enabled and the device is the closest device to
the processor along the I/0 bus. The processor’s
priority in the PS word is 4 when external interrupts are
disabled and O when external interrupts are enabled.
Device priority is highest for devices electrically closest
to the processor along the bus.

Any device that can interrupt the processor can also
interrupt the service routine execution of a lower
priority device if the processor’s priority is O during that
execution; hence, interrupt nesting to any level is
possible with this interrupt structure. Each device
normally contains a control status register (CSR),
which includes an interrupt enable bit. A program
must set this bit before an interrupt request can
actually be granted to a device.

An interrupt vector associated with each device is
hard-wired into the device’s interface/control logic.
This vector is an address pointer that allows automatic
entry into the service routine without device polling.

When an interrupt request is issued via the external
event signal line, the processor automatically services
the request via location 100, ; it does not input a vector
address as done for other external interrupt devices.
This interrupt function is normally used for a line time
clock input based on the frequency of the local ac
power (50 or 60 Hz).
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The interface control and data signal sequence
required for interrupts is shown in Figure 3-8. A device
requests interrupt service by asserting BIRQ L. The
processor can acknowledge interrupt requests only
between instruction executions by generating an active
(low) BDIN L signal, enabling the device’s vector re-
sponse. The processor then asserts the BIAKO L signal.
The first device on the bus receives this daisy-chained
signal at its BIAKI L input. If it is not requesting ser-
vice, it passes the signal via its BIAKO L output to the
next device, and so on, until the requesting device re-
ceives the signal. The device that did not pass the
BIAKO L signal responds by asserting BRPLY L (low)
and placing its interrupt vector on data/address bus
lines BDALO—1S L. Automatic entry to the service
routine is then executed by the processor as previously
described.

NOTE
If a device fails to assert BRPLY L in response
to BDIN L within 10 u sec, the processor enters
the Halt state.

3.8 BUS INITIALIZATION

Devices along the I/0 bus are initialized whenever the
system dc voltages are cycled on or off, or when a
RESET instruction is executed. Initialization during
the power-on/power-off sequence is described in Para-
graph 3.9. When the RESET instruction is executed,
the processor responds by asserting BINIT L for ap-
proximately 10us. Devices along the bus respond to the
BINIT L signal, as appropriate, by clearing registers
and presetting or clearing flip-flops.

3.9 POWER-UP/POWER-DOWN SEQUENCE
Power status signals BPOK H and BDCOK H must be
asserted or negated in a particular sequence as dc
operating power is applied or removed. Initially,
BDCOK H and BPOK H are passive (low). As dc
voltages rise to operating levels, BINIT L is asserted by
the processor module. Approximately 3 ms (min) after
+5V and +12V power are normal, an external signal
source, or the H780 power supply in PDP-11/03
systems, produces an active BDCOK H signal; the
processor responds by negating BINIT, and waits for
BPOK H. The BPOK H signal, produced by an ex-
ternal signal source or the H780 power supply, goes
true (high) 70 ms (min) after BDCOK H goes high. The
processor responds by executing the user-selected
power-up routine (Chapter 5); if BHALT L is asserted,
the console microcode is executed.

During a power-down sequence, the external signal
source first negates BPOK H, causing the processor to
execute the power-fail trap (PC at 024, PS at 026).



PROCESSOR

STROBE INTERRUPTS

DEVICE

INITIATE REQUEST

e Assert BDIN L -— — — ® Assert BIRQ L
I ~
| -
~ .
. RECEIVE BDIN L
l e Store ‘‘interrupt selected”’
in device
GRANT REQUEST
® Pause and assert
BIAKO L
RECEIVE BIAKI L
¢ Receive BIAK | L and inhibit
BIAKOL
® Place vector on BDAL 0-15 L
® Assert BRPLY L
® Terminate BIRQ L
e
b
Ve
yd
r 4
RECEIVE VECTOR & TERMINATE
REQUEST

¢ Input vector address
® Terminate BDIN L and BIAKO L

AN

\

PROCESS THE INTERRUPT

® Save interrupted program PC
and PS on stack '
Load new PC and PS from
vector addressed location
Execute interrupt service
routine for the device

AN

N

COMPLETE VECTOR TRANSFER
® Terminate BRPLY L

11-3142

Figure 3-8 Interrupt Request/Acknowledge Sequence

Approximately 3 ms (max) later, the processor
initializes the bus by asserting BINIT L in response to
the external signal negation of BDCOK H.

3.10 HALT MODE

The BHALT L bus signal can be asserted low to place
the processor in the Halt mode. When in the Halt
mode, the RUN indicator (PDP-11/03 only) is ex-
tinguished, interrupts external to the processor module
are ignored, and the processor executes the console
ODT microcode. Although the user could assert this
line by a separate switch or a custom module, it is
normally asserted by the HALT/ENABLE switch
(PDP-11/03 only) or the user-designated device’s SLU
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interface module when the Framing Error Halt is
enabled (Paragraph 6.2.2.8). Note that when in the
Halt mode, the processor arbitrates DMA requests,
and refresh operations. Thus, in addition to bus trans-
actions between the processor and the console device,
bus transactions can occur for DMA and refresh.

3.11 MEMORY REFRESH

Memory refresh operations are required when any
dynamic MOS memory devices are used in a system.
These memory devices are included on KD11-F and
MSV11-B modules. Memory refresh is normally con-
trolled by the processor microcode, which is auto-
matically executed once every 1.6 ms. However, refresh



could be controlled by a user-supplied DMA device on
the bus. (For example, when used in an intelligent
terminal application, the refresh logic could be in-
cluded on the user’s DMA interface module.)

A complete refresh operation requires 64 BSYNC/
BDIN transactions which must be completed within 2
ms. The processor (or other device controlling the re-
fresh operation) first asserts BREF L for each BSYNC/
BDIN transaction during the addressing portion of
each refresh operation. BREF L causes all dynamic
MOS memory devices to be simultaneously enabled
and addressed, overriding local bank selection circuits.
Refresh is then accomplished by executing 64 BSYNC/
BDIN transactions, in a manner similar to the DATI
bus cycle, incrementing the “row’’ address (bits. 1—6)
once for each transaction. Address bit O is not signifi-
cant in the refresh operation. When refresh is con-
trolled by processor microcode, the operation takes ap-
proximately 130us.

Note that only one dynamic MOS memory device is re-
quired to assert BRPLY L during the refresh BSYNC/
BDIN transactions. This should be performed by the
slowest device on the bus. MSV11-B modules each
contain a jumper which the user can insert to prevent
the module from asserting BRPLY L during refresh
operations. The slowest memory device will normally
bethe MSV11-B module located the greatest electrical
distance from the processor module along the bus.

3.12 BUS SPECIFICATIONS
Electrical

Refer to electrical specifications listed in Paragraph 2.9.

NOTE
All bus lines are open-collector, resistor-
terminated to a 3.4 V nominal.

BACKPLANE WIRE
l' 10"MAK

Bus Drivers and Receivers

Recommended Bus Drivers
Type 957, P/N DEC 8881-1, quad 2-input
NAND pates (Refer to specifications in the
Hardware/Accessories Catalog.)

Recommended Bus Receivers
Type 956, P/N DEC 8640, quad 2-input NOR
gates (Refer to the specifications in the Hard-
ware/Accessories Catalog.)

Recommended Bus Transceivers
Type DEC 8641, quad unified bus transceiver.

3.13 BUS CONFIGURATIONS
In the following descriptions, a unit load is equal to one
bus receiver and two bus drivers and less than 10 pF of

circuit board etch. Bus terminations are shown in
Figure 3-9.
+5V +5V
3300 17848
1%
2500 1208
BUS LINE BUS LINE
TERMINATION TERMINATION
6800 3830
1%
= = CcP-1828

Figure 3-9 Bus Line Terminations

Minimum

1.

Configuration (Figure 3-10)

The processor terminates the bus lines to Zt
=250 Q.

Ten-inch maximum backplane wire (each
bus line for a 4 by 4 backplane), 6 unit loads
or less.

Intermediate Configuration (Figure 3-11)

1.

The processor terminates the bus lines to

Zt = 250 Q.

—

]

{
) J

|

ONE
UNIT
LOAD

ONE
UNIT
LOAD

L ONE
UNIT
2500 UOAE
-+
3.4V .
PROCESSOR

Y
6 UNIT LOADS

CP-1829

Figure3-10 Minimum Configurations
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3.

L BACKPLANE WIRE |
|l 14" MAX. ]
L
1R}
ONE ONE ONE Or\l‘\lE
UNIT UNIT UNIT UNIT
2504 LOAD LOAD LOAD LOAD 1208
+ +
3.4v . y s 3.4v
- 15 UNIT LOADS -
PROCESSOR TERM
. . . . . CP-1830
Figure3-11 Intermediate Configuration
BACKPLANE WIRE 'l
I 8" MAX.
L
]
ONE ONE
2508 UNIT UNIT 2500
LOAD LOAD
+ +
3.4V < — , 3.4V
5 UNIT LOADS MAX.
PROCESSOR CABLE/TERM
BACKPLANE WIRE I
8"MAX.
4
l '
ONE ONE
UNIT UNIT
LOAD LOAD
CABLE . v __ CABLE
ADDITIONAL 6 UNIT LOADS MAX.
CABLES
8 BACKPLANES }‘____BACKPLANE W|RE—’|
8"MAX.
]
ONE ONE
UNIT UNIT 1200
LOAD LOAD
+
CABLE N > 3.4V
6 UNIT LOADS MAX.
NOTES :
1. THREE CABLES (MAX.),15ft. (MAX.)
TOTAL LENGTH. TERM
2.15 UNIT LOADS TOTAL (MAX.)
cP-1831

Figure 3-12 Maximum Configuration

Fourteen-inch maximum backplane wire
(each bus line for a 9 by 4 backplane), 15
unit loads or less.

Anadditional 120 @ termination s required.

Maximum Configuration (Figure 3-12)

1.

2.

The processor terminates the bus lines to
Zt =250 Q.

Eight-inch maximum backplane wire on
each backplane (each bus line for 4 by 4

3.

backplanes); 6 unit loads maximum each
backplane, 15 unit loads total (maximum);
daisy-chained on 2 ft (minimum) 120 Q
cable, three cables maximum, total cable
length not exceeding 15 ft.

Two additional terminations (one 250 @
and one 120 Q ) are required.

3.14 BUS SIGNAL TIMING
Bus signal timing requirements at master and slave
devices are shown in Figures 3-13 through 3-18.
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T/R DAL

T SYNC

R RPLY

T BS?7

T WTBT

R/T DAL

R SYNC

R DIN

T RPLY

R BS7

R WTBT

le— 200 ns MAX,

(4) } DATA K (4)

/ ——

200ns MIN —»

—b‘ 150 ns MIN _ je—

300ns MIN

I-—too:as MIN

(4) >< (4)
(a) /< 4)
TIMING AT MASTER DEVICE
@) X ADDR X @) )L DATA X (4)
—sf 2008 |~— — l-l—|25ns MAX — Ltoo ns MAX
4 \__ /
75ns | [¢————150ns MIN
MIN \ 150ns MIN -»
\ I-—3oo ns MIN —
——i «— 75ns MIN
@ X | X @
> L— 25ns MIN
(4) /< (4)
TIMING AT SLAVE DEVICE
NOTES:
I. Timing shown ot Master and Slave Device
Bus Driver inputs and Bus Receiver Outputs.
2. Signal name prefixes are defined below:
T = Bus Driver Input
R = Bus Receiver Qutput
3. Bus Driver Output and Bus Receiver Input
signal names include a "8"' prefix .
4. Don't care condition.
cP-1774

Figure3-13 DATI Bus Cycle Timi

3-16

ng



T DAL

T SYNC

T DOUT

R RPLY

T B8S7

T WTBT

R DAL

R SYNC

R DOUT

T RPLY

R BS7

R WTBT

ADDR DATA

@ X X

—DI Ons MIN r——

(4)

>l&

150ns, 100ns 100ns
MIN "I MIN ™ miN
|-—-100ns MIN l@—175 ns MIN L—ZOOns MIN ———»
150ns MIN L— El 300ns MIN ————»
-» ‘o— 100ns MIN
@ X X @
—-I 150 nsMIN f—
(4) \ ASSERTION = BYTE X 4)
Lwo ns M| 1900 L— —| 100ns MIN L—
TIMING AT MASTER DEVICE
(4) X ADDR X DATA >( (4)

|~—25nsMIN

- 25ns MIN —
/ ,‘ 25 ]
ns
76ns MIN r—100nsM|N 150 ns MIN —
MIN [ —\
2505 ) ——| 150 ns MIN A 300ns MIN ——————»
MIN \\
—P| 75 ns MIN  [¢—
(4) )( (4)
25ns MIN » L — l-—zsns MIN
4 / \/ ASSERTION = BYTE X (4)
L—75n5 —»] 25ns MIN

TIMING AT SLAVE DEVICE

NOTES:

. Timing shown at Master and Slave 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 core condition.

Figure 3-14

CP-1775

DATO or DATOB Bus Cycle Timing
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Iﬂ—isons MIN

Iﬂ—Om MIN

& ADDR )(

—-I

R/T DAL (4) X DATA X (4) X DATA X (4)

i I e ey ' | — L—106 ns MIN
T SYNC ‘J

100 ns MIN r— IR L R PR AT
T DOUT 7/ X 200 ns MIN—»]
1508 MIN—’l
T DIN _/
i
R RPLY /
N [
T 887 & ><
—»| |+—100ns MIN —»{ 100 ns MIN
T WTBT (4>\L (4) X ASSERTION = BYTE X (4)
——I [— 150 ns MIN

TIMING AT MASTER DEVICE

R/T DAL (4) ADDR)( 4) X DATA x 4) >< DATA x (4)
—> '4-25ns MIN l — 40ns MIN l — L—25ns MiIN
R SYNC / J \ /
«— 75ns MIN 25 25ns MIN r— —» 100 ns MIN
ns
R DOUT ™ MAX e~ 150ns MIN fe
re— 150 ns MIN —
R DIN \“
) "-—150ns MIN—™ le— 300 ns MIN—
T RPLY Q\ \5\
—-| fe—75ns MIN
R BS7 x X
4-| le— 75ns MIN a‘ le— 25ns MIN —» 25ns MIN
R WTBT (4>\ f (4) X ASSERTION = BYTE X (4)
— 25ns MIN
TIMING AT SLAVE DEVICE
NOTES:
. Timing shown at Requesting Device
Bus Driver Inputs and Bus Receiver Qutputs.
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.
CP-1776

Figure 3-15 DATIO Bus Cycle Timing
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MINUS SERVICE TIME

T IRQ /
—-l 150 ns MIN. (¢—

TS

R TAKI

T RPLY N _J\

'l INTERRUPT LATENCY .

— 125 ns MAX. I'— 100 ns
-.I MAX.
T DAL K VECTOR
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.
CP-1777
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