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WARNING

This equipment generates, uses and can radiate
radio frequency energy, and if not installed and
used in accordance with instructions in this
technical manual, may cause interference to radio
communications. It has been tested and found to
comply with the limits for a Class A computing
device pursuant to Subpart J of Part 15 of Federal
Communications Commission (FCC) Rules, which are
designed to provide reasonable protection against
such interference when operating in a commercial
environment. Operation of this equipment in a
residential area is likely to cause interference
in which case the user at his own expense will be
required to take whatever measures may be required
to correct the interference.

Copyright (C) 1984, 1991 by Emulex Corporation

The information in this manual is for informational purposes and is
subject to change without notice.

Emulex Corporation assumes no responsibility for any errors which
may appear in this manual.

Printed in U.S.A.
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EMULEX PRODUCT WARRANTY

DISK CONTROLLER WARRANTY: Emulex warrants for a period of twelve
(12) months from the date of shipment that each Emulex disk
controller product supplied shall be free from defects in material
and workmanship.

CABLE WARRANTY: All Emulex provided cables are warranted for
ninety (90) days from the time of shipment.

The above warranties shall not apply to expendable components such
as fuses, bulbs, and the like, nor to connectors, adapters, and
other items not a part of the basic product. Emulex shall have no
obligation to make repairs or to cause replacement required through
normal wear and tear or necessitated in whole or in part by
catastrophe, fault or negligence of the user, improper or
unauthorized use of the product, or use of the product in such a
manner for which it was not designed, or by causes external to the
product, such as but not limited to, power failure or air
conditioning. Emulex’s sole obligation hereunder shall be to repair
or replace any defective product, and unless otherwise stated, pay
return transportation cost for such replacement. Purchaser shall
provide labor for removal of the defective product, shipping
charges for return to Emulex and installation of its replacement.

THE EXPRESSED WARRANTIES SET FORTH IN THIS AGREEMENT ARE IN LIEU OF
ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING WITHOUT
LIMITATION, ANY WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE, AND ALL OTHER WARRANTIES ARE HEREBY DISCLAIMED
AND EXCLUDED BY EMULEX. THE STATED EXPRESS WARRANTIES ARE IN LIEU
OF ALL OBLIGATIONS OR LIABILITIES ON THE PART OF EMULEX FOR
DAMAGES, INCLUDING BUT NOT LIMITED TO SPECIAL, INDIRECT, OR
CONSEQUENTIAL DAMAGES ARISING OUT OF OR IN CONNECTION WITH THE USE
‘OR PERFORMANCE OF THE PRODUCT.

RETURNED MATERIAL: Warranty claims must be received by Emulex
within the applicable warranty period. A replaced product, or part
thereof, shall become the property of Emulex and shall be returned
to Emulex at Purchaser’s expense. All returned material must be
accompanied by a RETURN MATERIALS AUTHORIZATION (RMA) number
assigned by Emulex.
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Section 1
INTRODUCTION

1.1 SCOPE

This manual provides information related to the capabilities,
design, installation, and use of the SC72/BX Disk Controller,
manufactured by Emulex Corporation. In addition, this manual
provides diagnostic and application information.

The contents of the seven sections and two appendices in this
manual are briefly outlined in the following descriptions:

Section 1 Introduction. This section contains an overview of
the sSC72/BX disk controller and includes the
specifications.

Section 2 General Description. This section includes the
description of physical characteristics and
interfaces.

Section 3 Installation. This section contains the information
necessary to set-up and physically install the
§C72/BX disk controller system.

Section 4 Programming, Operation, and Controller Registers.
This section describes programming requirements,
operation techniques, and functions of words, bytes,
fields, and bits contained in all registers.

Section 5 Commands. This section describes all commands used
by the SC72/BX disk controller system.

Section 6 Diagnostics. This section describes the diagnostic
programs, routines, and utilities for the SC72/BX
disk controller system.

Section 7 Troubleshooting. This section describes fault
isolation procedures that can be used to pinpoint
trouble spots.

Appendix A SC72/BX Configuration and Option Selection. This
appendix provides instructions for configuring the
SC72/BX disk controller, and for selecting options by
means of switches.

Appendix B Disk Drive Modifications. This appendix provides

modification instructions to move the Sector and
Index signals from the A-Cable to the B-Cable.
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1.1.1 RELATED DOCUMENTATION

Three other Emulex manuals are related to the SC72/BX Disk
Controller:

® PDP-11 Patch Manual (PD9950902-00). This manual
describes operating system patches which may be
necessary when operating with disk drives that have
nonstandard capacities.

) TRACKR User’s Manual (PD9950905-00). This manual
describes the TRACKR software which can be used to
perform track replacement on RP06 emulations.

° Disk Maintenance Utility (SXBXOD) User’s Guide
(PD9950904-00). This manual describes the SXBXO0D
utility, which is used to prepare a new disk to
contain data or to maintain the integrity of disks
in use.

1.2 OVERVIEW

The SC72/BX Disk Controller is an embedded controller for the PDP-
11/70 computer central processing unit (CPU), manufactured by
Digital Equipment Corporation (DEC). It consists of four printed
circuit board assemblies (PCBAs), and can be used to interface with
any large disk drive subsystem that has a Storage Module Drive
(SMD) interface. The SC72/BX disk controller is capable of
emulating RMO2, RM03, RMOS, RM80, RP04, RP0O5, and RP06 DEC Massbus
disk subsystems, and of operating with disk drives that have
different characteristics from those used in the DEC disk
subsystems. The SC72/BX disk controller provides the capability of
operating with a mixture of disk drives that have storage
capacities ranging upward from five megabytes.

Emulation of these disk drive systems is done by using programmable
read-only memory (PROM) integrated circuits (ICs) that can be
configured and selected for the wide range of disk drive
capacities. One or two logical disk drive units may be mapped on
each physical disk drive, and the logical number of cylinders,
tracks, and sectors may be remapped to suit a different number of
physical cylinders, tracks, and sectors with no correspondence
between physical addresses (see subsection 1.3.6).

1.3 FEATURES

Features that enhance performance and increase versatility are
described in the following subsections.



1.3.1 MICROPROCESSOR DESIGN

The SC72/BX design incorporates a unique (patent pending) l6-bit,
bipolar microprocessor to perform all disk controller functions.
Using the microprocessor reduces the component count, provides high
reliability and easy maintainability, and enables a single set of
hardware to be adapted to a wide range of emulation capabilities
through the flexibility of microprogramming. The SC72/BX disk
controller achieves functional capability that exceeds performance
of emulated DEC controllers by providing enhancement features such
as built-in self-test during power-up, built-in disk formatting,
and ability to work with disk drives of various types, sizes and
capacities.

1.3.2 PACKAGING

The SC72/BX disk controller is constructed on three hex-sized PCBAs
and one dual-width multiple-layer PCBA which plug directly into the
backplane of the PDP-11/70 CPU chassis. No cabling is required
between the PDP-11/70 CPU and the SC72/BX disk controller. The
SC72/BX disk controller obtains its power from the PDP-11/70 CPU.

1.3.3 SELF-TEST

The SC72/BX disk controller incorporates an internal self-test
routine which is executed during power-up. This self test exercises
all parts of the microprocessor, random access memory (RAM) buffer,
and disk data logic circuitry. Although this self-test routine does
not completely test all SC72/BX disk controller circuitry,
successful execution of the self-test routine indicates the SC72/BX
disk controller is probably operational. If the SC72/BX disk
controller fails the self-test routine, the Fault light emitting
diode (LED) on the controller is illuminated (ON) and the
controller cannot be addressed from the CPU.

1.3.4 BUFFERING

The SC72/BX disk controller contains a 4K x 16-bit high-speed RAM
buffer that temporarily stores the contents of the controller's
device ‘registers plus up to 14 sectors of data from the selected
disk drive. Buffer operations eliminate the possibility of a data-
late condition, and permit the SC72/BX disk controller to be
operated at low bus priorities.

1.3.5 ERROR CORRECTION

The SC72/BX disk controller includes a 32-bit error correcting code
(ECC) that is capable of correcting single error bursts up to 11
bits long, and of detecting error bursts of longer length. The
SC72/BX disk controller determines the location of the error and
the error pattern and passes this information to the PDP-11/70 CPU
which performs the actual correction. A 16-bit cyclic redundancy
check character (CRCC) is included in the header of every sector.
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1.3.6 OPTION AND CONFIGURATION SWITCHES

The SC72/BX disk controller has switches in dual in-line package
(DIP) switch packs that can be used to configure the SC72/BX disk
controller for various disk capacities, bus addresses, interrupt
vector addresses, and various firmware options. It is possible to
select one of several possible combinations of disk characteristics
for up to eight physical disk drives that can be handled by the
SC72/BX disk controller, including a mixture of disk capacities and
disk drive type codes.

1.3.7 DUAL PORT CAPACITY

The SC72/BX disk controller can operate with disk drives that have
dual-port capability. This feature allows a second disk controller
to have access to any system disk drive on a priority basis.

1.3.8 DUAL ACCESS CAPABILITY

The Dual Access mode is supported by the SC72/BX disk controller to
provide compatibility with disk drives when the system is
configured for dual-access operation. When in the Dual-Access mode,
the SC72/BX disk controller sets the DPM bit in the Drive Type
Register and the PGM bit in the Drive Status Register. These bits
are set to allow the SC72/BX disk controller to imitate the DEC

neutral state.
l.4 FUNCTIONAL COMPATIBILITY

The SC72/BX disk controller is compatible with media, address
mapping, diagnostics, and operating systems to the extent described
in this subsection.

1.4.1 MEDIA COMPATIBILITY

The SC72/BX disk controller is media compatible with the following
DEC disk drive emulations:

[ RM02 and RM03 disk packs when using a CDC 9762 disk drive
or equivalent

° RMO5 disk packs when using a CDC 9766 disk drive or
~ equivalent .

° RP06 disk packs when using a Memorex 677 (200 megabyte)
disk drive or equivalent.

1.4.2 DISK MAPPING
The SC72/BX emulates one or two logical disk drive units per

physical disk drive. The Unit Select number for any physical disk
drive unit number must be in the range from 0 through 3.



When a physical disk drive has two logical disk drive units mapped
onto it, the first logical disk drive unit is mapped onto the first
half of the heads or cylinders, and has a Unit Select number that
is the same as the Unit Select number of the physical disk drive.
The second logical disk drive unit is mapped onto the second half
of the heads or cylinders, and has a Unit Select number that is
four greater than the Unit Select number of the physical disk drive
unit; thus, 0 and 4, 1 and 5, 2 and 6, and 3 and 7 (see Appendix A,
Tables A-2 and A-5).

When disk drives of different capacities are used, the mapping
varies the cylinders, tracks, and/or sectors, as applicable.

1.4.3 DIAGNOSTICS

The SC72/BX disk controller executes the Emulex diagnostic SXBXOD.
This diagnostic runs with RM and RP drive emulations. For details
on running SXBX0OD, refer to the Disk Maintenance Utility (SXBXOD)
User’s Guide (P/N PD9950904-00). 1In addition to SXBXOD, the
SC72/BX executes the following standard DEC diagnostic routines:

ZRJA - Mechanical and Read/Write Test

ZRJB - Formatter '

ZRJD - Multi-Drive Exerciser .
ZRJG - Diskless Controller Test - Part 1%
ZRJH - Diskless Controller Test - Part 2%
ZRJI - Functional Controller Test - Part 1*
ZRJJ - PFunctional Controller Test - Part 2%
ZRMA - Formatter

ZRMB - Performance Exerciser

ZRMC - Functional Controller, Part 1*

ZRMD - Functional Controller, Part 2*

ZRME - Punctional Controller, Part 3*

ZRMF - Extended Drive Test

ZRMI - Drive Compatibility Test

The diagnostic routine names marked with an asterisk (*) require
certain patches to correct coding problems or to bypass unsupported
Maintenance mode functions. All diagnostic routines require patches
to run with disk drive capacities other than those in standard RM
and RP disk drive emulations. Patches that are required to modify
the standard DEC diagnostic routines are listed and described in
Section 6 of this manual.

1.4.4 OPERATING SYSTEMS

The SC72/BX disk controller is compatible with DEC operating
systems without modification when emulating any standard DEC disk
drive subsystem. Patches to the operating system are required when
operating with disk drives that have nonstandard capacities. These
patches numerically redefine the logical disk drive capacity as
related to the operating system and usually do not involve
modifications to program instructions. '



1.5 SPECIFICATIONS

Specifications for the SC72/BX disk controller are listed and
described in Table 1-1.

Table 1-1. SC72/BX Disk Controller Specifications

Parameter Characteristics
UNCTIONAL
Emulation DEC RMO2, RM03, RM0O5, RM80, RP04, RPOS,

Media Compatibility

Disk Drive Interface

Disk Drive Ports

Error Control

Sector Capacity
Sectors/Track
Tracks/Cylinder
Cylinders/Disk Drive
Disk Drive Type Code
Computer Interfaces
Unibus Address

Interrupt Vector
Address

Priority Level
Data Buffering
Data Transfer

Self-Test

and RPO06

DEC RM02, RM03, RM05, and RP06 when using
appropriate disk drives

Storage Module Drive (SMD)

4 with B-Board P/N SU7210402-xx
8 with B-Board P/N SU7210403-xx

32-bit ECC for data and 16-bit CRCC for
headers. Correction of single data error
burst up to 11 bits long. :

256 words (512 bytes)

‘Selectable for each disk drive

Selectable for each disk drive

Selectable for each disk drive
Selectable for each disk drive
Unibus and Cache Bus

8 switch-selectable address ranges

Sswitch-selectable from 0 to 774
BR5

Up to 14 sectors

32-bit data transfer via Cache Bus

Extensive internal self-test when power
is first applied (Power-Up mode)




Table 1-1. SC72/BX Disk Controller Specifications (continued)

Parameter Characteristics
FUNCTIONAL (cont'd)
Indicators A-Board: SSYN, BBUSY, SACK, and BGIN
B-Board: READ, WRITE, FAULT, and DIAG.
MODE
DESIGN High-speed, bipolar microprocessor with
AMD 2901 bit-slice components
PHYSICAL

Packaging 3 DEC hex-sized PCBAs
1 DEC dual-width PCBA

Mounting Any set of RH70 controller slots in
PDP-11/70 CPU ,

Connectors One 60-pin A-Cable flat-ribbon cable
connector and up to eight 26-pin B-Cable
flat-ribbon cable connectors

ELECTRICAL

Unibus Interface
Disk Drive Interfaces
Power Required

ENVIRONMENTAL
Operating Temperature

Storage Temperature

Relative Humidity

DEC approved line drivers and receivers

Differential line drivers and receivers.
A-Cable cumulative length to 100 feet.
B-Cable cumulative length to 50 feet.

+5 Volts (V);’ll Amperes (A) maximum
-15V, 1A maximum
0° to +55° Celsius (C) - or -

+32° to +131° Fahrenheit (F)

-10° to +70° ¢ - or -
+14° to +158° F

10 to 90 percent, noncondensing
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Section 2
GENERAL DESCRIPTION

2.1 CONTROLLER ORGANIZATION

This section is divided into four subsections, as listed in the
following table:

Subsection' Title
2.1 Controller Organization
2.2 Physical Description
2.3 Interfaces
2.4 Logical Disk Format

The SC72/BX disk controller is organized around a 16-bit, high-
speed, bipolar microprocessor. A simplified block diagram of the
functional elements in the SC72/BX disk controller is shown in
Figure 2-1. The arithmetic and logic unit (ALU) and register file
portion of the microprocessor are implemented with four 2901 bit-
slice components. The microinstruction is 48 bits long and the
control memory of 4K words is implemented with six 4K x 8-bit
PROMs. - -

2.1.1 RAM BUFFER

The SC72/BX disk controller uses a 4K x 16-bit high-speed random
access memory (RAM) buffer to temporarily store the contents of the
device registers in the SC72/BX disk controller and to buffer up to
14 sectors of data.

2.1.2 A-CABLE REGISTER

The A-Cable Register (ACR) provides the storage of all signals'that
are sent to and from the disk drive via the A-Cable. The inputs
from the selected disk drive are testable by the microprocessor.

2.1.3 DATA HANDLING

Serial data from the selected disk drive are converted to l6-bit
parallel data and transferred to the RAM buffer via the
microprocessor. Similarly, the data accessed from the RAM buffer by
the microprocessor are serialized and sent to the selected disk
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drive. The data rate is controlled by the Servo Clock pulse
received from the disk drive. A 32-bit ECC Shift Register is used
to generate and check the ECC logic for the data field. This same
32-bit ECC shift Register is also used to generate the 16-bit CRCC
character for the sector headers. The actual ECC polynomial
operation is done independently of the microprocessor, but the
error position and error pattern is determined under control of th
microprocessor. Maximum serial data rate is 16 megahertz (MHz).

2.1.4 CONFIGURATION PROM

A configuration PROM is a source to the data bus. This PROM
configures the maximum cylinder address, maximum track address,
maximum sector address, and disk drive type code for each of the
logical disk drives.

2.1.5 BUSSES

The Unibus interface consists of a 16-bit bidirectional set of dat
lines and an 18-bit set of address lines. The Unibus interface is
used for programmed input/output (I/0) and for CPU interrupts. The
microprocessor responds to all programmed I/0 and performs the I/O
functions required for the addressed device register in the SC72/B
disk controller. The microprocessor also controls all Data Transfe
operations between the RAM buffer and the PDP-11,/70 CPU memory via
the 32-bit Cache Bus. The Cache bus address and control signal
lines are on the B-Board and the data interface lines are on the
C-Board (see subsections 2.2.3 and 2.3.3, and Table 2-3).

2.2 PHYSICAL DESCRIPTION

The SC72/BX disk controller consists of three hex-size PCBAs and a
small interconnect PCBA; all of which plug directly into the slots
in the PDP-11/70 CPU backplane that are normally allocated for a
DEC RH70 disk controller, which the SC72/BX disk controller
emulates.

The three hex-size PCBAs are the A-Board, the B-Board, and the
C-Board; each is separately described in this subsection.

2.2.1 A-BOARD

The A-Board of the SC72/BX disk controller is Emulex Part Number
(P/N) SU7210401-xx. This PCBA contains the high-speed bipolar
microprocessor, the A-Cable interface and the Unibus interface,
test connectors, four dual in-line package (DIP) switch packs, fou
LED indicators, and 10 PROMs. The A-Board is shown in Figure 2-2.
It is the rear PCBA of the four-PCBA disk controller set and fits
in chassis backplane slot 27, 31, 35, or 39 of the PDP-11/70 CPU.
These slots are used by the BCT PCBA of the DEC RH70 controller.

The A-Board is a four-layer PCBA with power and ground planes in
the inner layers and interconnection on the outer layers. The PCBA
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dimensions are 15.7 inches high by 8.7 inches wide. The 18 pins of
each connector row are designated A through V from right to left,
except letters G, I, O, and Q are not used. The component side is
designated side 1 and the solder side is designated side 2.

2.2.1.1 A-Cable Connector

The A-Board has a 60-pin flat-cable connector that is reference
designated J1. This connector is located near the top edge of the
PCBA and is for the A-Cable which daisy-chains control and status
information to all the disk drives in the system. Pin 1 of
connector J1 is located on the edge nearest to the outside edge of
the PCBA and is identified by an arrow molded into the connector
body.

2.2.1.2 Test Connectors

Connectors J2 and J3 are used with the Emulex test panel during
manufacturing test and factory repair. They have no use in normal
operation.

2.2.1.3 Switches

The four DIP switches are used to select the SC72/BX disk
controller options and configuration, Unibus device register
starting address and range, and interrupt vector address. These
switches are listed and identified in Table 2-1.

Table 2-1. Switch Functions

Switch PCBA Function

SWl A Controller Reset/Unibus Starting Address
SW2 A Interrupt Vector Address

SW3 A Configuration

Sw4 A Options

2.2.1.4 1Indicators

Four LED indicators at the top front edge of the PCBA show the
state of the BBSY, SACK, SSYN, and BGIN Unibus signals. These same
indicators are available on the BCT PCBA of the DEC RH70 controller
and show Unibus hang-up problems.

2.2.1.5 Controller Freeze

When DIP switch SWl-1 is placed in the ON (CLOSED) position, the
SC72/BX disk controller is "frozen" and cannot be accessed by the
PDP-11/70 CPU. For Normal operation, this DIP switch must be placed
in the OFF (OPEN) position.



2.2.1.6 PROMs

The A-Board has integrated circuit (IC) sockets for 10 PROMs. Six
of these PROMs (U29-U34) are 4K X 8-bit data PROMs. The PROM in U4
is the auto-increment PROM for the buffer addressing scheme. The
PROM in U71 is the disk drive configuration PROM. The PROMs in U94
and U95 are Unibus address decode PROMs. DIP switches SW1l-4 throug
SW1-8 are used for address selection; i.e., switch SWl-4 selects
the appropriate address decode PROM (U94 = OFF, U95 = ON) and
switches SW1-5 through SWl1-8 select the output of the PROM selecte
by switch swl-4. - -

2.2.2 B-BOARD

The B-Board of the SC72/BX disk controller is Emulex P/N
SU7210402-xx (four ports) or P/N SU7210403-xx (eight ports). It
contains all the disk data circuitry, four or eight B-Cable disk
drive interfaces, and the Cache Bus address interface. This PCBA
also includes a -5 Vdc power supply for the A-Cable and B-Cable
line transmitter and line receiver circuits.

The B-Board confiqurations are shown in Figure 2-3. Each is a. two-
sided, four-layer, hex-size PCBA with the same dimensions and
backplane connector arrangement as used on the A-Board. The B-Boar
plugs into slot 26, 30, 34, or 38 of the backplane in the
PDP-11/70 CPU. It occupies the same backplane that would be used b
the AWR PCBA of the DEC RH70 controller.

2.2.2.1 B-Cable Connectors

The four-port version of the B-Board contains four 26-pin flat-
cable connectors, reference designated J1, J2, J3, and J4. The
eight-port version of the B-Board contains eight 26-pin flat-cable
connectors, reference designated J1 through J8. These connectors
are for the radial B-Cables to each of the four physical disk
drives which may be attached to the SC72/BX disk controller. Pin 1
of these connectors is at the left end of the connector, adjacent
to the reference designator, and is identified by an arrow molded
into the connector body. All the B-Cable connectors are
interchangeable.
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2.2.2.2 LED Indicators

The B-Board contains four LED indicators which provide the
following information:

Fault - Indicates disk controller fault or no disk
drive connected to SC72/BX disk controlle

Diagnostic Mode Indicates disk controller in Self-Test

mode

Write - Indicates Write activity is occurring on
selected disk

Read - 1Indicates Read activity is occurring on
selected disk.

2.2.3 C-BOARD

The C-Board of the SC72/BX disk controller is Emulex P/N
SU7010406-xx. It contains the Cache Bus data interface which
distributes the Cache control and status information. The C-Board
is shown in Figure 2-4. The C-Board is a two-sided hex-sized PCBA
with dimensions and backplane connector arrangement the same as
used on the A-Board. The C-Board plugs into slot 24, 28, 32, or 3
of the backplane or expansion box in the PDP-11/70 CPU. It occupie
the same backplane as would be used by the MDP PCBA of the DEC RH7
controller. There are no connectors on this PCBA.

2.2.4 CST BOARD

The CST PCBA of the SC72/BX disk controller is Emulex P/N
SU7010404-xx. This small interconnect PCBA is used to intercept
several DEC RH70 controller signals in an otherwise unused DEC RH7
controller slot and to retransmit them to one of the three Hex-
sized PCBAs in the SC72/BX disk controller system. This PCBA is
inserted into the D, E, and F connectors of slot 25, 29, 33, or 37
of the backplane or expansion box in the PDP-11/70 CPU. These slot
connectors are normally used by the CST PCBA of the DEC RH70
controller. The CST PCBA is shown in Figure 2-5.

2.3 INTERFACES

The SC72/BX disk controller has a disk drive interface, a Unibus
interface, and a Cache Bus interface. These interfaces are
described in this subsection. :

2.3.1 DISK DRIVE INTERFACE

The SC72/BX disk controller-to-disk drive interface conforms to th
Flat Cable Interface Specification for the SMD, MMD, and CMD
interface requirements (see Control Data Corporation Document No.
64712400). The SC72/BX disk controller has been tested with most
disk drives that use the SMD interface and is compatible with the
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electrical and timing characteristics of such disk drives. This
interface requires the use of drivers and receivers and the
application of A-Cables and B-Cables.

2.3.1.1 Drivers and Receivers

The line drivers for the A-Cable and B-Cables are MC3453, which are
equivalent to the 75110A line drivers. The line receivers are
MC3450 quad differential receivers, which are equivalent to 75108
line receivers. The lines of the A-Cable are terminated with 82
Ohms to ground and the lines of the B-Cables are terminated with 56

Ohms to ground.

2.3.1.2 A-Cable

The 60-conductor A-Cable is daisy chained to all disk drives in the
system and is terminated at the last disk drive in the system. Pin
assignments and descriptions of signal functions when the control
tag (Tag 3) is asserted are listed in Table 2-2. The A-Cable should
be a flat cable with 30 twisted pairs of wires, an impedance of 100
Ohms, and a cumulative length not more than 100 feet.

2.3.1.3 B=Cable

Each 26-conductor B-Cable is radial to all disk drives and contains
the data and clock signals. Pin assignments and descriptions of
signal functions when the control tag (Tag 3) is asserted are
listed in Table 2-2. The B-Cable should be a 26-conductor flat
cable with ground plane and drain wire, an impedance of 130 Ohms,
and a cumulative length not more than 50 feet.

2.3.2 UNIBUS INTERFACE

The SC72/BX disk controller interfaces with the PDP-11/70 via the
slots allocated for the DEC RH70 controller; not via an SPC slot as
with a Unibus-type controller. The Unibus consists of 18 address
lines and 16 bidirectional data lines, plus control signals for
data and interrupt vector address transfer and for becoming bus
master for sending interrupt messages. Pin assignments and
descriptions of signal functions for the Unibus and Cache Bus
interface are listed in Table 2-3.

2.3.2.1 Bus Reguest (BR) Interrupt Priority Level

The SC72/BX disk controller is hardwired for BR5 priority level.
The other three Bus Grant signals are jumpered through.

2.3.2.2 Interrupt Vector Address

DIP switch SW2 sets the Interrupt Vector Address code. Bits <15:09>
of the address are assumed to be zeros, so that the Interrupt
Vector Address range is from zero to 774. The low-order two bits of
the Interrupt Vector Address code are also assumed to be zero,
since the Interrupt Vector Address must start on a double-word

2-11



Table 2-2. Pin/Signal Assignments, SC72/BX Disk
Controller-to-Disk Drive Interface

A-Cable Pins

Low/High Signal (Tag 3 Function) From/To
22, 52 Unit Select Tag To
23, 53 Unit Select bit O To
24, 54 Unit Select bit 1 To
26, 56 Unit Select bit 2 To
27, 57 Unit Select bit 3 To

1, 31 Tag 1 To
2, 32 Tag 2 To
3, 33 Tag 3 To
4, 34 Bit 0 (Write Gate) To
5, 35 Bit 1 (Read Gate) To
6, 36 Bit 2 (Servo Offset Plus) To
7, 37 Bit 3 (Servo Offset Minus) To
8, 38 Bit 4 (Fault Clear) To
9, 39 Bit 5 (Address Mark Enable) To
10, 40 Bit 6 (Return to Zero) To
11, 41 Bit 7 (Data Strobe Early) . To
12, 42 Bit 8 (Data Strobe Late) To
13, 43 Bit 9 (Release) To
30, 60 Bit 10 To
14, 44 Open Cable Detect To
15, 45 Fault From
16, 46 Seek Error From
17, 47 On Cylinder From'
18, 48 Index From
19, 49 Unit Ready From
20, 50 Address Mark Found From
21, 51 Busy (Dual-Port only) From
25, 55 Sector From
28, 58 Write Protected From
29 Power Sequence Hold To
59 Power Sequence Pick To
B-Cable Pins
Low/High Signal (Tag 3 Function) From/To
8, 20 Write Data To
6, 19 Write Clock To
2, 14 Servo Clock From
3, 16 Read Data From
5, 17 Read Clock From
10, 23 Seek End From
22, 9 Unit Selected From
12, 24 Index From
13, 26 Sector From
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Table 2-3. Pin/Signal Assignments, Unibus/Cache Bus Interface

A-Board Connector A

Component Side Solder Side
Signal High/Low Pin High/Low Signal
BSO L A +5V
-5V B S
BS2 L C ov
BS?7 L D —_—
BD4 L E —
UPROC1 L F e
BD2 L H —_—
BD7 L J —_
UPROC1 H K —_—
ov L -
CLKU1l L M ov
ov N —_—
—_— P —
ov R —_—
ov ] S
ov T H SECTOR
—_ U H CERR
+5V v -
A-Board Connector B
_Component Side | | _Solder Side
Signal High/Low Pin High/Low Signal
ov A +5V
ov B -
ov C ov
—_— D L CLKD1
CKDC L E —_
ov F -
ov H —_—
—_— J N
ov K ov
ov L -
ov M L CKUC
ov N ov
ov P ov
ov R -
—_— S —_—
ov T -
ov U ov
—_— v L BUS ACLO
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Table 2-3. Pin/Signal Assignments, Unibus/Cache Bus
Interface (continued)

A-Board Connector C

Component Side Solder Side
Signal High/Low Pin High/Low Signal
CREQ L A +5V
ov B ov
BS3 L C ov
ov D ov
ov E ov
ov F ov
BS4 L H —_—
BS6 L J oV
BD3 L K ov
ov L H ZECC
ov M L CLKU
BD6 L N H DPF
ov P H DIAGM
CLKD L R H INDEX
ov S H DTICK
ov T H SKEND
ov U H WMODE
+5V v L CLR

A-Board Connector D

Component Side - Solder Side
Signal High/Low Pin High/Low Signal
— A +5V
—_ B H TCX
DSIG H C ov
CBSY H D H P23
ov E H p22
ov F H D21
- H H CEN
—_— J H P20
BUS BR4 L K H BG7 IN
BUS BR5 L L H BG7 OUT
BUS BR6 L M H BG6 IN
ov N H BG6 OUT
DB1O L P H BG5S IN
BUS D03 L R H . BG5S OUT
BUS D05 L S H BG4 1IN
ov T H BG4 OUT
BUS INTR L U L BUS BR7
+5V \' L BUS D07
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Table 2-3. Pin/Signal Assignments, Unibus/Cache Bus
Interface (continued)

A-Board Connector E

Component Side

Solder Side

Signal High/Low Pin High/Low Signal
—_— A +5V
—_ B —
BUS D02 L C ov
BUS D04 L D L BUS D06
BUS D08 L E L BUS D10
DB 12 H F L BUS D09
BUS D13 L H H DB1ll1
BUS D14 L J L BUS D11
BUS D15 L K H DBO1
BUS D00 L L L BUS DOl
DB02 H M H DBO3
DB0 4 H N H DBO05
DBO06 H P H DBO7
BUS DCLO L R H DBO09
DB08 H S H DBO0O
ov T H DBl4
BUS D12 L U H DB15
+5V v —_
A-Board Connector F
u Component Side Solder Side
Signal High/Low Pin High/Low Signal
BUS SACK L A +5V
BUS NPR L B —_
BUS BBSY L C ov
_ D ov
DB13 H E L BUS A00
BUS AQ02 L F L BUS A0l
S ’ H L BUS A03
BUS A0S L J L BUS A(04
BUS A06 L K L BUS A07
BUS A09 L L L BUS INIT
BUS Al0 L M L BUS A0S
BUS Al2 L N L BUS All
BUS Al4 L P L BUS Al3
BUS Alé6 L R L BUS AlS
BUS MSYN L S L BUS Al7
ov T L BUS Cl
BUS SSYN L U L BUS CO
+5V \Y ov
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Table 2-3. Pin/Signal Assignments, Unibus/Cache Bus

Interface (continued)

B-Board Connector A

Component Side

Solder

Side

High/Low

Pin High/Low

Signal

<KCHLIPYWZRRQWIWEBOO P

L&
wng
<

=
9]
|
(o]
el

2] oow
<<l |]]
w

B-Board Connector B

Component Side

Solder

Signal

High/Low

Pin High/Low

wn
.
Te]
o]
V]
[

<cHBULWHWZICRUIDILWEOOE D

+
(8]
<

[ & 1228 3| []]3]
@ <<G§ < <
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Table 2-3. Pin/Signal Assignments, Unibus/Cache Bus

Interface (continued)
B-Board Connector C
Component Side Solder Side
Signal High/Low Pin High/Low Signal
ov A +5V
ov B oV
ov C ov
ov D ov
ov E ov
ov F ov
ov H ov
ov J ov
ov K ov
ov L ov
ov M _—
ov N ov
MBC BUS Al5 L P —_—
MBC BUS Al3 - L R I
MBC BUS Al2 L S ov
ov T L MBC BUS All
BS3 L 4] ov
+5V \Y ov
B-Board Connector D
Component Side Solder Side
Signal High/Low Pin High/Low Signal
—_— A +5V
WMODE H B ov
P21 H C ov
SKEND H D H P20
CEN H E H INDEX
DTICK H F L MBC BUX A09
ov H L MBC BUS Al0
P23 H J L MBC BUS Al4
P22 H K H MBC BUS A08
MBC BUS A0S L L L MBC BUS A07
TCX H M L MBC BUS A06
CLR L N ov
MPC BUS A20 L P L MBC BUS Al9
DPF H R H ZECC
DIAGM H S L CLKU
ov T L MBC BUS AlS8
— U L MBC BUS Al7
+5V v L MBC BUS A2l
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Table 2-3. Pin/Signal Assignments, Unibus/Cache Bus

Interface (continued)

B-Board Connector E

Component Side

Solder Side

Signal High/Low Pin High/Low Signal

— A +5V

BD6 L B —_

DSIG H C ov

MBC BUS Alé6 L D L CNTLX REQ
MBC BUS CX L E H DBO05

DB0 4 H F H DBO3

ov H L MBC BUS A04
MBC REQ ACKN L J L MBC BUS A03
MBC BUS A02 L K H DBOO

DBO6 H L H DBO7

DBO1 H M H DB02

DBl4 H N oV

DB13 H P H DB1l5

DB12 H R H DB10O

DB1l1 H S H DBO9

ov T L MBC BUS A0l
—_ 4] H DBO8

+5V v L CKDC

B-Board Connector F

Component Side °

Solder Side

Signal High/Low Pin High/Low Signal
-— A +5V
—_— B —_—
_ C ov
—_— D —_
— E L MBC BUS Cl
_— F —_
ov H —_—
_ J —_
CREQ L K —_
CEN H L —_—

_ M —_
CARO1 L N ov
—_— P L CLK D
BD6 L R —_
SEL ADRS CNTLX H S —_—
ov T —_—
_— U —_
+5V A" H P19

2-18




Table 2-3. Pin/Signal Assignments, Unibus/Cache Bus
Interface (continued)

C-Board Connector A

n Component Side Solder Side
Signal High/Low Pin High/Low Signal
ov A +5V
ov B ov
ov C ov
ov D ov
ov E ov
ov F L CREQ
oV H L CLR
oV J -
BSO L K L BD2
BD7 L L ov
ov M -
ov N ov
ov P H CERR
- R L CLKD1
AACK L S L BS7
ov T ov
_ U ov
+5V v —
C-Board Connector B

Component Side Solder Side
Signal High/Low Pin High/Low Signal
ov A +5V
ov B ov
ov C ov
ov D ov
CRST L E H WMODE
ov F ov
ov H L BD3
ov J L BD4
BS2 L K H UPROC1
ov L L UPROC1
ov M ov
ov N ov
—_— P ov
—_— R ov
ov S ov
ov T L CLKU1l
ov U ov
- \' ov
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Table 2-3. Pin/Signal Assignments, Unibus/Cache Bus
Interface (continued)

C-Board Connector C

Component Side

Solder Side

[Signal High/Low Pin High/Low Signal
CARO1 L A +5V

_ B ov

CBSY H C ov

CEN H D ov

- E oV

ov F H MEM BYTE 3 PAR
ov H L MBC BUS DO0O
MBC BUS DOl L J L MBC BUS D02
MBC BUS DO3 L K L MBC BUS D04
MBC BUS D05 L L L MBC BUS D06
MBC BUS D07 L M L MBC BUS D08
MBC BUS D09 L N ov

MBC BUS D10 L P L MBC BUS D11
MBC BUS D12 L R L MBC BUS D13
MBC BUS Dl4 L S L MBC BUS D15
ov T —_

MBCTO H U L MBC BUS D16
+5V \Y L MBC BUS D17
C-Board Connector D

‘ Component Side Solder Side

Signal High/Low Pin High/Low Signal

MBC BUS D18 L A +5V

MBC BUS D19 L B L MBC BUS D20
MBC BUS D21 L C ov

MBC BUS D22 L D L MBC BUS D23
MBC BUS D24 L E L MBC BUS D25
MBC. BUS D26 L F L MBC BUS D27
ov H L MBC BUS D28
MBC BUS D29 L J L MBC BUS D30
MBC BUS D31 L K L MBC BUS BlPA
MBC BUS BOPA L L L MBC BUS B2PA
MBC BUS B3PA L M ov

ov N ov

ADRS PE H P ov

MEM DOO H R H MEM DOl

MEM D02 H S H MEM DO3

ov T H MEM D04

MEM DOS H U H MEM DO6

+5V v H MEM D07
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Table 2-3., Pin/Signal Assignments, Unibus/Cache Bus
Interface (continued)

C-Board Connector E

Component Side

Solder Side

Signal High/Low Pin High/Low Signal

— A +5V

—_— B ‘H MEM D08

MEM D09 H C ov

MEM D10 H D H MEM D11

MEM D14 H E H MEM D13

MEM D12 H F H MEM D15

ov H H MEM D19

MEM D17 H J H MEM D18

MEM D16 H K H MEM D20

MEM D21 H L H MEM D22

MEM D23 H M H MEM D24

MEM D28 H N ov

MEM D25 H P H MEM D27

MEM D26 H R H MEM D29

MEM D30 H S H MEM D31

ov T H MEM BYTE 1 PAR
DATA RDY CNTLX H 4] H SEL DATA CNTY
+5V \' H MEM BYTE 0 PAR

C-Board Connector F

Component Side

Solder Side

Signal High/Low Pin High/Low Signal
DBl3 H A +5V
DBl12 H B H DB0S
DB1O H C ov
DB0O9 H D H DB04
DB08 H E H DB02
DBl1l H F H DB15
ov H H DBO1l
DBl4 H J H DBOO
BD6 L K H DB03
DBO7 H L —_—
DB06 H M —_
N N ov
CKC L P —_—
oV 'R -
MEM BYTE2 PAR H S —
ov T ov
ov U oV
+5V A" ov
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Table 2-3. Pin/Signal Assignments, Unibus/Cache Bus
Interface (continued)

CST PCBA Connector D

Component Side Solder Side
Signal High/Low Pin High/Low Signal
_— A _
_— B —_
- C ov
—_— D —_—
_ E _
_ F _
ov H —_
ov J —_
—_— K _
—_— L ov
_— M _
_— N ov
_— P —_
ov R —_
_ s L MBC ADRS ACKN
ov T ov
- e U - -
o —— V - -

CST PCBA Connector E

Component Side older Side
Signal High/Low Pin High/Low . Signal
—_ A +5V
MBCTO H B —_—
ov C ov
_— D ov
_— E ov
ov F —_
_ H _
_ J I
—_— K ov
SELDATA CNTLX H L L AACK
—_ M L ADRS PAR ERR
MBC TIMEOUT H N ov
ov P ov
ov R —_
_ S _
ov T ov
—_ U —_
+5V \' —
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Table 2-3. Pin/Signal Assignments, Unibus/Cache Bus
Interface (continued)

CST PCBA Connector F

Component Side Solder Side
Signal High/Low Pin High/Low Signal

ov
ov
ov
ov
ov
ov
ov
ov
ov
ov

ov
ov
ov

SCcHUuWYWZRDROUDEIEOOD P

address. Switch settings for the Interrupt Vector Address are
described in subsection 3.5.2.

2.3.2.3 DCLO and INIT Signals

The DCLO and INIT signals both perform a Controller Clear function
The Self-Test routine is 