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This manual contains operating theory and maintenance information for the Model DS10 Disk Con-
troller, part number 937505-1 or 2262100-1 (fine line), a major component of the Model DS10 Car-
tridge Disk System, part number 937500-xxxx.

PREFACE

The maintenance philosophy of this manual is based on an operating 990 computer with associated
peripherals (hot mock-up) and a diagnostic program. The test configuration allows the use of
standard test equipment, such as oscilloscopes and logic analiyzers, as weli as special test equipment,
such as the state board.

This manual contains three major sections and seven appendixes as follows:

Section

1  General Description — Standard equipment configurations, physical description, control
and status word summary, disk formats.

2  Theory of Operation — Detailed theory of operation, proceeding from the basic block
diagram level to the logic diagrams. Includes descriptions of microinstruction formats and
internal control firmware routines.

3 Maintenance — Checkout, troubleshooting, and fault isolation based on the hot mock-up
system, diagnostic program, and controller self-test provisions.

Appendix
A Installation Data and Switch Settings
B PWB Signal Dictionary
Fine Line Signal Dictionary
Microcode Flowcharts
Microcode Listing

Controller I70 Connector P3 and P4 Pin Connections and Signal Flow

 m m o O

Logic and Assembly Drawings

Other manuals which are related to the Model DS10 Disk Controller and the Model DS10 Cartridge
Disk System are:

Title Part Number

Model 990 Computer Model DS10 Cartridge Disk 946261-9701
System Installation and Operation

Model 990 Computer Model DS10 Cartridge 945419-9702
Disk System Field Maintenance Manual '

iii Digital Systems Division
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Model 990/10 Computer System Hardware
Reference Manual

Model 990 Computer Unit Diagnostics Handbook
Volume 1, General 990 Unit Diagnostic
Information
Volume 3, Diagnostics for 990 Mass Storage
Devices

945417-9701

945400-9701

945400-9703

iv
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SECTION 1

GENERAL DESCRIPTION

1.1 GENERAL

The Model DS10 Cartridge Disk Controller (part number 937505-1) and Fine Line Disk Controller
(part number 2262100-1) described in this manual are major components of the Model DS10 Car-
tridge Disk System. This system is compatible with any Model 990 Computer which incorporates
Texas Instruments high-speed TILINE* data bus. The Model DS10 Cartridge Disk System provides
high-speed, nonvolatile mass storage to supplement the semiconductor main memory in the Model
990 Computer.

A Model DS10 Cartridge Disk System consists of a Model DS10 Cartridge Disk Controller or Fine
Line Disk Controller, one or two DS10 dual disk drives, and the necessary interconnecting cables.
Each DS10 dual disk drive uses two disk platters for data recording. One of the platters is built into
the disk drive; the other is contained in a 5440-type removable disk cartridge. Each platter has an
unformatted storage capacity of 6.3 megabytes, and a formatted storage capacity of 4.7 megabytes
(at one sector per record).

The disk system features include:
e  Single-board controller that occupies one slot in the 990 chassis.

e  One fixed and one removable cartridge disk platter per drive unit for a total of 9.4
megabytes (formatted) or 12.6 megabytes (unformatted) per disk drive.

e Up to two disk drives per controller.
®  Automatic track-switching across head and cylinder boundaries.

®  Variable record formats, from one sector per record to one track (20 sectors) per record,
for most efficient disk utilization.

® 312K byte per second data transfer rate.
e  Controller automatic self-test prior to data transfer.

Figure 1-1 is a functional block diagram that illustrates the relationship between the major
functional blocks of the Model DS10 Cartridge Disk System.

The TILINE data bus is the control and data path between the 990 memory, the 990 central
processor, and the disk controller. The 990 central processor initiates a disk operation by sending a
block of eight control and parameter words to the disk controller. The disk controller performs the
specified operation, including data transfers to and from the 990 memory, without additional
control.

The fixed and removable disk platters within a disk drive are treated as separate logical units; i.e., a
separate block of control words is used to control data transfers to each platter. There is no
automatic “spillover” of data from one platter to another. Also, because of the common read/write
head carriage shared by the two platters, there is no independent overlapped seek operation in a
DSI0 system.

* TILINE is a registered trademark of Texas Instruments Incorporated.

1-1 Digital Systems Division
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'
I
|

(A) 138650
Figure 1-1. DS10 Cartridge Disk System Functional Diagram

1.2 TILINE )

The powerful TILINE high-speed data bus architecture is used to incorporate the disk controller
directly into the addressable memory space of the 990 computer. The TILINE is an asynchronous,
high-speed, 16-bit data transfer bus that transfers data between high-speed system elements. These
elements include the CPU, the memory, the disk files, and the magnetic tape transports.

Data is transferred along the TILINE data bus as 16-bit parallel words, accompanied by 20-bit word
addresses. The TILINE is capable of transferring approximately 50 million bits per second. This
speed helps minimize the overhead time for data transfer to and from the disk drive.

Two classes of TILINE devices interface with the TILINE bus. Users of the bus are called TILINE
masters and the respondents are called TILINE slaves. The disk controller is both a master and a
slave. It is a slave when receiving commands from the CPU, and a master when contending for the
TILINE bus to transfer data to or from the memory.

Multiple users of the TILINE contend for access to the bus in a positional priority scheme. When a
device controller has data to transfer over the TILINE, the TILINE master logic of the controller
must gain access to the TILINE and then may address a slave device, such as memory, and read or
write data.

1.3 DS10 CARTRIDGE DISK CONTROLLERS

The Model DS10 Cartridge Disk Controllers, figures 1-2 and 1-3, are single circuit boards which
occupy full-slot positions in a 990 computer chassis or TILINE expansion chassis. The controllers
operate one or two disk units, each with a fixed and a removable platter which are assigned
individual logical unit numbers.

i-2 Digital Systems Division
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Figure 1-2. Model DS10 Moving-Head Disk Controller (PWB)
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The disk controller performs the following major functions:

e  Acts as a TILINE slave device to accept setup commands from the 990 processor and to
supply status information to the processor.

e  Acts as a TILINE master device to acquire control of the bus and transfer data between
the selected disk and the memory.

e  Issues the disk drive control signals and monitors the disk drive status output signals.

e  Performs serial/parallel data format conversions, data rate buffering and error checking
on data transferred between the computer memory and the disk drive.

®  Performs extensive self-testing to ensure data transfer integrity.

1.3.1 DS10 CARTRIDGE DISK CONTROLLER PHYSICAL DESCRIPTION. Edge connectors
P2 and P1 at the bottom of the logic board mate with the 990 motherboard connectors. The 100 mil
grid molded plastic connectors P3 and P4 at the top edge of the board mate with the controller/disk
drive cables.

IC device locations on the board are organized into 12 columns and 15 rows. Neglecting the
oversized sockets for the 3002 devices, the row-column organization (component side) is:

1 2 3 4 5 6 7 8 9 10 11 12

R

P

N

M ’
L

K

J

H

G

F

E * * * * * *
D * * * * * *
Cc * * * * * *
B

A
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On the fine line board, the row-column organization is as follows:
KK
KA
JA
HA
GA
FA
EA
DA
CA
BA
o

AA 000 010 020 030 040 050 060 070 080 09 100 110 120 130 140

AK

datum zéro

On the vertical axis, there is one inch between AA and BA, and the second letter in the designation
increments each tenth of an inch. Thus, the starting point (datum zero) is AA, 0.1 inch equals AB,
0.2 inch equals AC, etc. (Note that the letter I is omitted; the counting moves from H to J.) On the
horizontal axis, the columns are marked in tenths of an inch, so that the starting point (datum zero)
is 000, 0.1 inch is 010, 0.2 inch is 020, and so on. The reference designator for a device (for example
UDEQ73) begins with the device code (for instance, U for integrated chip or R for resistor), followed
by two letters locating the row occupied by the bottom pins of the device, and ending with three
numbers indicating the column occupied by the leftmost pin of the device.

The asterisks represent the bbard space occupied by the 28-pin double-width sockets for the 3002
central processing element (CPE) devices. These devices are organized as follows:

EO1 E02 EO03 EM4 UCC006 UCC021 UCC036 UCCO051

—-—— —— —— —— Or —— —-— ——— ——

C01 CO2 CO03 C04 UBE006 UBE021 UBE036 UBEOSI
(PWB) (Fine Line)

1-8 Digital Systems Division
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The TILINE base address selection switch, B02, is located below CPE device CO1 (lower left corner
of board). On the fine line board, the TILINE base address seicction switch, located at UAE104, at
the lower right corner. Switch setting information is given in Section 2 with the TILINE slave logic

description.

Resistive line terminators are located in the space between the P3, P4 1/0 connectors and the upper
stiffener bar.

A group of light-emitting diode (LED) indicators in the upper right corner display the operational
status of the board. Interpretation of these indicators is described in Section 3 of this manual.

Disk controller physical dimensions are 362 millimetres (14.25 inches) by 266.7 millimetres (10.5
inches) by 12.7 millimetres (0.5 inch). The controller draws 5.5 amperes at 5 volts dc and 0.03
amperes at —-12 volts dc from the 990 chassis power supply via the 990 motherboard.

1.4 DISK DRIVE

The DS10 disk drive is available in a rack-mount version, figure 1-4, or in a quietized (acoustically
suppressed) pedestal-mounted version, figure 1-5. The rack-mount version mounts on slides in any
standard 19-inch EIA cabinet, such as the office-style desk enclosure supplied with Texas
Instruments DS990 commercial computer systems. The slides are a necessity because the 5440-type
removable disk cartridge is installed and removed from the top of the unit.

The quietized pedestal supports the DS10 disk drive at a convenient height for changing disk packs.
A hinged dust cover protects the disk cartridge from environmental contamination. The quietized
pedestal features acoustic noise suppression measures which make it particularly suitable for the

office environment.

17.25 IN
(43.82 CM)

1.19IN.
) (3.02 CM)

10.31 IN,
(26.15 CM)

S

-

e
18.94 IN”
(48,11 CM)

~

(A) 137228 /

Figure 1-4. Rack-Mount Disk Drive
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(18.00 N
45T2 M —
—— 10.00 IN
— (25.4 CM)
/
U —T.25 1IN
18 CM)
34.00 IN
(86.3% CM)
19.75 IN
(50.17 CM)
1.
= e | —
|
3.00 IN
{7.63 CM)

(A) 137229
Figure 1-5. Cabinet-Mount Disk Drive

Six operating controls and indicators are located on the front panel of the disk drive, as shown in
figure 1-6 and described in table 1-1. A brush automatically extends to sweep the disk surfaces when
the disk drive is turned on. A slot indicator on top of the drive indicates whether the brush is ex-
tended into the disk area or retracted. The brush must be in the retracted position when changing
disk cartridges.

Table 1-2 is a summary of the disk drive specifications.

1.5 DISK SYSTEM CONFIGURATION AND INTERCONNECTION
Table 1-3 lists the part number assignments for the components of a Model DS10 cartridge disk
system. Both rack-mount and quietized pedestal-mounted versions are listed in the table.

A cable adapter is required at the input to each disk drive. The cable adapter adapts the 3M-type
cable connectors to the Winchester-type connectors on the disk drive. Figure 1-7, the rear view of
the rack-mount disk drive, clearly shows the Winchester 1/0 board.

1-10 Digital Systems Division
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WRITE PROTECT

START FAULT T
STOP READY ACTIVE RESET CART

FIXED

(A) 137350

Figure 1-6. DS10 Front Panel Switches and Indicators

Figure 1-8 is a detail view of the Winchester connectors and the Winchester I/0 board. The resistive
terminators, XRM1 - XRM12, must be installed in the last disk drive on the bus. They must be
removed from drive A if the bus is extended to drive B.

The switches on the Winchester I/ O board select various optional features of the drive. These switch
settings are given in Model 990 Computer, Model DS10 Cartridge Disk System Installation and
Operation, part number 946261-9701. They are also included in the documentation package supplied
with the disk drive.

Table 1-1. DS10 Disk Drive Controls and Indicators
Control/Indicator Description

START/STOP This control permits starting and stopping of the disk drive
motor to initiate or stop disk operation. The push button is
lighted when the disk drive motor is running.

READY This indicator lights to show that the disk drive motor has
reached operating speed, the heads are loaded, and the drive is
ready for data transfer.

ACTIVE This indicator lights when the disk drive is actively engaged in
any operation.

FAULT The FAULT indicator lights to indicate the occurrence of a
nondamaging fault such as more than one read/write head
selected simultaneously, simultaneous read and write instruction,
or other fault. Pressing the lighted FAULT indicator clears the
fault logic and extinguishes the indicator.

W/PROT CART and These switches allow the operator to protect either the fixed or
W/PROT FIXED cartridge disk against writing of data. The active indicator lights
to indicate the condition.

1-11 Digital Systems Division
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Table 1-2. Disk Drive Specifications

Item

Spindle speed

Cylinders per drive
Tracks per drive
Tracks per cylinder
Sectors per drive
Sectors per track
Heads per cylinder
Heads per drive
Recording surfaces per drive
Recording mode
Track density
Recording density

Bits per disk platter
Bits per cylinder

Bits per track

Bits per sector
Capacity (unformatted)
Words per sector
Format overhead

Bit rate

Average access time
Average latency time
Track-to-track access time

Maximum access time

Specification

2400 rpm with 2% speed variation with input
frequency 3-0.5 hertz and input voltage +10% - 15%

408, numbered 0 through 407
1,632

4

32,640

20

2

4

4

Double frequency (FM)

200 tracks per inch

1524 bits per inch (outer track)
2200 bits per inch (inner track)

50,000,000 nominal
250,000 nominal
62,500 nominal
3,125

12.6 megabytes
144

48 words

2.5 megahertz
35 milliseconds
12.5 milliseconds
7 milliseconds

60 milliseconds

Table 1-3. Model DS10 Cartridge Disk System Components

Component

Model DS10 disk controller (PWB)
Model DS10 disk controller (fine line)
Model DS10 disk drive, rack mount

Model DS10 disk drive, pedestal mount

Disk cartridge

40-pin, 20-foot bus cable assembly
50-pin, 20-foot bus cable assembly

Cable adapter

40-pin, 6-foot daisy chain cable assembly
50-pin, 6-foot daisy chain cable assembly

Part Number

937505-0001
2262100-0001
937513-0001

937513-0005
937507-0001
937515-0001
937516-0001
937510-0001
937515-0002
9375160002

1-12 Digital Systems Division
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Figure 1-9 is a detail view of the cable adapter, part number 937510-0001, mounted on the
Winchester connectors at the back of a rack-mount disk drive. The cable adapter schematic, drawing
number 937512, shows that the 50-pin connectors are wired in parallel, as are the 40-pin connectors.

A jumper option on the cable adapter board makes it possible to reverse the logical unit numbers
assigned to the fixed and to the removable cartridge disk. For the first disk drive (drive A), the
normal configuration is unit 0, fixed and unit 1, removable. Installing the jumper from J1 to J3
reverses this assignment.

For the second drive (drive B), the normal configuration is unit 2, fixed and unit 3, removable. In-.
stalling the jumper from J1 to J4 reverses this designation.

CAUTION

Exchanging cable adapters (with reversing jumpers) between drives
may cause inadvertent changes in system configuration.

1.5.1 DISK SYSTEM CABLING. Figure 1-10 shows the cabling configuration for a single DS10
rack-mount disk drive and controller. The cable adapter is mounted to the Winchester connectors at
the rear of the disk drive, and the terminator IC networks are installed in the Winchester 1/0 board.

Figure 1-11 shows the cabling for two rack-mount disk drives and a controller board. Note that the
terminator IC networks are removed from the drive in the middle of the bus, and installed in the
second drive.

CAUTION

The 3M-type cable connectors use an embossed arrowhead as a
polarity symbol. When installing any 3M-type cable connector, verify
that the arrowheads on jack and plug match before applying mating
pressure.

Figure 1-12 is a cutaway view of a pedestal-mounted DS10 disk drive. Unlike the rack-mounting ver-
sion, the pedestal-mounting disk drive has 3M connectors and a 3M 1/0 board. Flat 3M cables from
the rear of the disk drive are connected to a 3M-Winchester adapter in the lower bay of the pedestal.
The 937510 cable adapter mounts on the Winchester connectors in the lower bay. The mounting
position is 90 degrees clockwise from that used with rack-mount disk drives.

1.6 PROGRAMMING THE DISK CONTROLLER

Texas Instruments disk-based operating systems contain device service routines which manage the
interaction between the Model 990 computer and the Model DS10 Cartridge Disk System. The
operating system presents the programmer with a standard set of displays and data which are more
characteristic of the operating system software than the disk system hardware. Users who need this
type of information should refer to the operating system documentation.

The programming information presented in this section is useful to three main groups of users: those
who wish to write their own 990 assembly-language device service routines, those who wish to
control disk system operations from the Model 990 control panel, and anyone who needs to
understand the basic operating concepts of the disk system.

The Model 990 computer sets up the disk controller by writing a group of eight control words, W0-
W7, over the TILINE to the disk controller. These control words specify the operation to be
performed, precondition the controller, and supply parameters to the controller. These parameters
include the disk logical unit number, the number of words to be read or written, cylinder, head and
starting sector address, and the starting address of the assigned 990 memory buffer area.
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The last control word, W7, initiates disk controller operations. The disk controller operates under
control of an internal microprogram to perform the specified operation. The controller rejects any
attempt to write or read back control words while an operation is in progress.

For a disk write operation, the controller TILINE master logic acquires control of the bus and reads
data from the specified area of 990 memory. Other controller logic converts the data to serial form
and transmits it to the disk drive for recording. For a disk read operation, the controller reads data
back from the selected disk platter, checks data integrity, and converts the data back to 16-bit
parallel form. The controller TILINE master logic acquires control of the TILINE and transfers the
data to 990 memory.

The control words initially supplied to the controller are modified during the course of the operation.
At the completion of the operation, the control words contain status information which may be read
back by the 990 computer to determine if the operation completed normally. If the operation did not
complete normally, the status words identify the errors detected during the attempted operation.

1.6.1 CONTROL WORD ADDRESSES. Standard conventions built into the hardware and
software of the Model 990 computer reserve CPU byte addresses F800,6 to FBFF ¢ for control and
status communication with TILINE peripheral controllers, such as the magnetic tape and disk
controllers. This range is called the TILINE peripheral control space (TPCS). Addresses in this
range may be mapped by the processor hardware to TILINE addresses in the range FFC00;¢ to
FFDFF 6. This mapping requires the 990 processor to be operating in map file 0. The TPCS can also
be addressed through alternate map files if the mapping bias value is chosen to yield the correct
TILINE address.

The disk controller is assigned a block of eight consecutive TILINE word addresses. These addresses
run from a base address to base address + 7 word addresses. The base address is dedicated to control
and status word WO, base address +1 is dedicated to W1, and so on through base address +7,
dedicated to W7.

The base address is selected by a four-section switch on the disk controller board, allowing multiple
controllers in one system. Base address selection must be coordinated with the operating system
software. Texas Instruments standard operating system software includes specific operator entries at
system generation to inform the operating system of the disk controller base address.

The preferred base address for use as the system disk with Texas Instruments standard software is
FFCO00,s, which corresponds to CPU byte address F800,s. Table 2-3 in Section 2 supplies the details
of base address switch setting.

Any 990 instruction which reads or modifies memory can be used to communicate with the
controller, using the proper CPU byte address. One simple way to send a block of control words to
the controller is to store the eight control words at sequential addresses in 990 memory, and then to
use an auto-incrementing move (MOYV) instruction to transfer the control words to the disk
controller. The programmer panel may be used for manual entry via the MA ENTER, MD, MDE,
and MALI controls.

1.6.2 COMMAND INITIATION. A three-bit command field in control word W1 (figure 1-13)
specifies the basic operation which the controller is to perform. The commands are: STORE
REGISTERS, WRITE FORMAT, READ DATA, WRITE DATA, READ UNFORMATTED,
WRITE UNFORMATTED, SEEK, and RESTORE. The operation is not initiated until control
word W7 is loaded into the controller. W7, bit 0 is the controller Idle/Busy bit. A zero in this posi-
tion forces the controller out of the idle mode, to decode and execute the command.
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CONTROL  CPU TILINE
WORD ALLKESS ADDRESS | ONCTION o 1 2 3 4 5 6 7 8 9 10 1oa2 i3 14 15
0 F800 FFCO0  DISK STATUS o ! nr| wp | us |seare} s1 | RESERVED ATTN(0-3) ATTMSK(0-3)
OL - OFF-LINE WP - WRITE PROTECT SI -~ SEEK INCOMPLETE
NR = NOT READY US - UNSAFE ATTN(N) X ATTMSK(N) = INTERRUPT
o 1 2 3 a 5 6 7 8 9 10 112 13 14 15
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0 1 WRITE FORMAT
o 1 o | reap paTa
o i i WRIiTE DATA
10 0 | READ UNFORMATTED @ (SEE BELOW)
1 o] 1 WRITE UNFORMATTED
1 1 o | sEEk
1o 1 RESTORE
o 7 8 IE
2 F804 FFCO2  FORMAT AND | SECTORS PER RECORD SECTOR NUMBER ADDRESS
0 15
3 F806 FFCO3  CYLINDER CYLINDER ADDRESS
0 15
4 F808 FFCO4  COUNT BITS 0—14 = WORD COUNT
BITS 0-15 = EVEN BYTE COUNT o
0 15
5 FBOA FFCO5  ADDRESS MEMORY ADDRESS (LS8) o
0 3 4 7 8 10 i is
6 F80C FFCO6  SELECT AND RESERVED UNIT SEL RESERVED MEMORY ADDRESS (MSB)
MSB ADDRESS
o 1 2 3 4 s 6 7 8 9 10 11 12 13 14 15
7 F80E FFCO7  CONTROLLER iDLEjcomMP] ERR | INT { LOCK reszrvep| ac [ me o | tT L e | re | o7 | sE | uE
STATUS
COMP ~ COMPLETE ME - MEMORY ERROR RE - RATE ERROR
ERR - ERROR DE - DATA ERROR CT - COMMAND TIMER
INT = INFERRUPT ENABLE TT - TILINE TIMEOUT SE ~ SEARCH ERROR
AC - ABNORMAL COMPLETION IE - ID ERROR UE - UNIT ERROR
0-CONTROLLER
OR DISK BUSY
0 15
( l WORDS PER TRACK l
o 7 8 15
@ STORE REGISTER
DATA FORMAT < SECTORS/TRACK OVERHEAD/RECORD
0 4 5 15
[ TRACKS/CYL | CYLINDER/AUNIT I
/ 0 4 s 15
[ HEAD | CYLINDER l
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R
@ BERSER FormAT I SECTORS/RECORD SECTOR ADDRESS ]
0 15
I WORD COUNT ]

2282589

Figure 1-13. Model DS10 Disk System Status and Control Word Formats
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Any attempt to write a control word to the controller after the operation has been started will be
rejected with an immediate TILINE terminate signal from the TILINE slave logic in the controller.
The attempt will not disturb the operation in progress.

Any attempt to read any status word from a busy controller will be answered by a simulated W7
word in which bits 1-15 are meaningless, and bit 0 is a logic zero, indicating that the controller is
busy. The attempt to read from a busy controller does not interfere with controller operations. In
fact, common programming practice is to read or attempt to read W7 before issuing any command
words to the controller. If the returned status word has a one in the MSB position, the controller is
idle, bits 1-15 are meaningful status from the previous operation, and the controller is available to
accept control words. The act of reading W7 from an idle controller sets a lockout bit which informs
any other processor (in multiprocessor systems) that the next disk operation has been reserved.

1.6.3 COMMAND COMPLETION WITHOUT INTERRUPTS. One of the parameters deter-
mined by the control words is whether or not an interrupt (to the 990 computer) is to be issued upon
completion of the operation. If interrupts are not used, the 990 computer program can determine if
the controller has finished by periodically reading control/status word W7. When the command is
complete, W7 bit 0 (Idle) is set, and either the normal completion bit (W7, bit 1) or the abnormal
completion bit (W7, bit 7) is set.

Normally a programmer would initiate a software timing loop when starting the disk operation, and
would read W7 at time expiration. If the Idle bit is still zero, the timer may be restarted and the
sequence repeated for a preselected number of attempts. This method involves a considerable larger
amount of CPU overhead time than using an interrupt would entail.

1.6.4 COMMAND COMPLETION WITH INTERRUPTS. An operation complete interrupt may
be enabled by putting a one in W7, bit 3 when the operation is initiated. At completion, an interrupt
is sent to the Model 990 computer, which may read W7 to verify successful completion of the
operation.

There are other conditions which can cause the controller to generate an interrupt. The seek com-
plete and restore complete interrupts are incorporated in the DS10 disk controller primarily for soft-
ware compatibility with other disk storage systems. For example, a DS31 disk storage system may
have four drive units, each with an independent head carriage assembly and cylinder address control
electronics. With the DS31, it is possible to have multiple, independent seek operations occurring
simultaneously. That is, the head carriages are commanded to seek to specified cylinder addresses,
and the DS31 controller operation stops while the electromechanical carriage assemblies are moving.
Individual attention signals from the drives notify the controller when the seek operation is com-
plete. Attention mask bits (12-15) in control word WO specify whether an interrupt should be
generated when the corresponding attention line goes high. The same description applies to the
DS31 return to zero seek (restore) operations, which can be overlapped among four drives. Again,
an attention line from each drive notifies the DS31 controller when the physical movement is com-
plete, and an interrupt is generated if the corresponding interrupt mask bit is set.

Independent seek operations are not possible in a DS10 disk drive because logical units share
common head carriages. The DSI10 disk controller accepts attention interrupt mask bits, and
supplies simulated attention bits only for software compatibility with the other drives. An attention
interrupt will occur any time the disk controller is IDLE and one or more attention mask bits are set.

The RESTORE command initiates a disk drive clear operation which includes clearing all fault
latches in the drive, and driving the head carriage to the fully extended and then the track 0 position.
The restore operation is performed on the drive if either of the two logical units in the drive is the
selected unit. The controller allots about one-half second for the physical operation, issues an
interrupt (if any attention mask bit is set), and returns to the idle mode.
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The SEEK command is a dummy command for the DS10 disk controller. The disk controller
performs a self-test and if any attention mask bit is set, generaies aii interrupt. No disk drive

operations are performed.

1.7 CONTROL AND STATUS WORD FORMATS

Figure 1-13 shows the formats of the disk controller’s control and status words. The CPU addresses
and TILINE addresses shown along the left side assume a TILINE base address of FFC00,s. This
preferred base address corresponds to all sections of the TILINE slave address selection switch being

in the OFF position.

Data formats for the store regisiers operation and the record header are shown at the bottom of the
figure.

1.7.1 DISK STATUS, W0. When the controller is not busy, the disk status of W0 can be used.
Figure 1-14 shows the bits of WO (disk status). The only bits of W0 which can be written into by the
990 computer are the attention mask bits (12-15).

) 1 2 3 4 5 6 7 8 112 15
RES- ATTN INTERRUPT
oL| NR | wP | US |ggven| S' |RESERVED| 1 1 1 1 MASK (0 3)

(A) 133992A
Figure i-14. Control Word W0

Bits 0 through 5 of WO contains individual status indicators from the selected disk drive. Bits 8
through 11 are forced to logic 1. The bits are defined as follows:

Bit 0 — Offline

Bit 1 — Not ready

Bit 2 — Write protect
Bit 3 — Unsafe

Bit 4 — Spare (reserved)
Bit 5 — Seek incomplete

1.7.1.1 Bit 0, Offline (OL). When bit 0 is set, it indicates that there is no power to the selected disk
drive, that the drive is not at the proper speed, that a disk cartridge is not loaded, no drive
corresponds to the selected unit number, or that an unsafe condition exists.

1.7.1.2 Bit 1, Not Ready (NR). When bit 1 is set, it indicates that the selected disk drive is in the
process of performing a seek operation, or that the heads are not loaded.

1.7.1.3 Bit 2, Write Protect (WP). When bit 2 is set, it indicates that the write protect status
(W/PROT CART switch or W/PROT FIXED switch) of the selected disk drive is on. When this
switch is on, it inhibits the write logic within the disk drive.

1.7.1.4 Bit 3, Unsafe (US). When bit 3 is set, it indicates that the selected disk drive is unsafe. This
means that the safety circuits that protect the recorded information are unsafe, and the unsafe
condition must be removed before any more commands are attempted. If an unsafe condition
occurs, the FAULT switch on the selected disk drive can be used to clear the fault condition provided
the condition has ceased. A RESTORE command can also be issued to clear the fault condition. The
RESTORE command may be manually entered from the programmers panel, or it may be issued by
the program running in the 990 computer.
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1.7.1.5 Bit 5, Seek Incomplete (SI). When bit 5 is set, it indicates that the selected disk drive has
failed to complete a seek operation because of a disk malfunction or detection of an illegal cylinder
address (illegal address interlock). When this status is detected, the software must initiate a
RESTORE command before attempting to execute any other command.

1.7.1.6 Bits 8 through 11. Bits 8 through 11 are not used and are forced to logic 1.
1.7.1.7 Bits 12 through 15, Attention Interrupt Mask (0 - 3). These bits cause an interrupt when set
to logic 1. The TILINE interrupt is set when any attention interrupt mask bit is on and the controller

is idle. Software can disable this interrupt source by clearing the interrupt mask bits.

1.7.2 COMMAND CONTROL, W1. Control word W1 is used for disk commands and surface
selection. Figure 1-15 shows the bits of W1. The bits of W1 are defined in the following paragraphs.

) 1 2 3 4 s 6 7 8 9 10 11 12 13 14 15

0 ) 0 o | Tn DISK RESERVED HEAD/SURFACE ADDRESS
COMMANDS

(A) 133993

Figure 1-15. Control Word W1

1.7.2.1 Bits 0 through 3. Bits 0 through 3 are reserved, and should be logic 0.

1.7.2.2 Bit 4, Transfer Inhibit (TIH). When bit 4 is set, the controller will not transfer any disk words
into memory when a READ DATA command is specified. The purpose of this bit is to allow data
verification by relying on the cyclical redundancy check (CRC) without having to provide a buffer in
memory for the specified block. After the READ DATA command is completed, this bit is reset by
the controller.

1.7.2.3 Bits 5 through 7, Command. These three bits designate a command (one of the eight com-
mands illustrated in figure 1-13). The bits and the commands they specify are listed in table 1-4 and
described in detail in the following paragraphs.

NOTE
Details of the contents, format, and programming procedures for the
disk commands are provided later in this section. Refer to paragraph

1.8.

Table 1-4. Disk Command Bits

Bits

567 Command
000 STORE REGISTERS
001 WRITE FORMAT

010 READ DATA

011 WRITE DATA

100 READ UNFORMATTED
101 WRITE UNFORMATTED
110 SEEK

11 RESTORE
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STORE REGISTERS (000). The STORE REGISTERS command is used to supply disk
system parameters to the Model 990 computer.

WRITE FORMAT (001). This command formats or reformats a single track.

READ DATA (010). This READ DATA command reads formatted data from disk and
transfers the data to the specified TILINE address.

WRITE DATA (011). Data is transferred from a TILINE address and formatted data being
written on disk is controlled by the WRITE DATA command.

READ UNFORMATTED (100). This command reads data from disk without regard to record
ID or record boundaries and transfers the data to the specified TILINE address.

WRITE UNFORMATTED (101). The UNFORMAT WRITE command transfers data froma
TILINE address and writes the data on the disk without regard to record boundaries.

SEEK (110). The SEEK command is a dummy command that is accepted and completed
normally but does not actually move heads.

RESTORE (111). Positions the head over cylinder 0. A restore is implemented by a full stroke
movement by the head carriage.

1.7.2.4 Bits 8 and 9. Bits 8 and 9 are reserved and should be logic 0.

1.7.2.5 Bits 10 through 15, Head Address. The field consisting of bits 10 through 15 selects one of
the two read/write heads.

1.7.3 FORMAT AND SECTOR, W2. Control word W2 is used to indicate the number of sectors
per record and the address of the sector. The bits of this control word are shown in figure 1-16 and

defined in the following paragraphs.
0 7 8 15

SECTORS PER RECORD SECTOR NUMBER ADDRESS

(A) 133994
Figure 1-16. Control Word W2

1.7.3.1 Bits 0 through 7, Sectors Per Record. A disk can be formatted into variable length data
records with a fixed number of sectors per record for a given track. Bits 0 through 7 specify the
number of sectors per record. The number of sectors per record multiplied by the number of records
per track will not exceed the fixed number of sectors per track of a particular disk drive.

1.7.3.2 Bits 8 through 15, Sector Address. This field selects the sector number at which the controller
starts a read or write operation. The controller adds the sectors per record (bits 0 through 7) to the
starting record address to calculate the address of subsequent data records on a track when multiple
records are transferred. The range of sector addresses is 00;6 through 136.

NOTE

If the sectors per record for a track does not equal one, then the
programmer must be sure that sector addresses that correspond to
record boundaries are used.
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A sector address larger than the maximum sector address results in a timeout status because the
controller cannot find a starting sector number at which to start executing the command. A
SECTORS PER RECORD command exceeding maximum track size will be detected on
initialization and will cause the controller to trap to command timeout status.

1.7.4 CYLINDERS, W3. The cylinder address is selected by bits 0 through 15 of W3. Figure 1-17
illustrates W3. The valid number range is 0000, through 0197,s. An invalid cylinder address results
in a termination and unit error controller status being set. The disk status (W0) will indicate seek
incomplete.

0 15

CYLINDER ADDRESS

(A) 133995 Figure 1-17 Control Word W3

1.7.5 WORD COUNT, W4. The word count is controlled by control word W4 as shown in figure
1-18. For data commands, this field selects the number of 16-bit data words to be transferred be-
tween the disk and the TILINE. The number of words is limited by the available TILINE memory
and the disk memory from the starting disk address to the last sector of the last track. An attempt to
transfer from a nonexistent TILINE memory results in a TILINE timeout status for the controiler.
For a WRITE FORMAT command, this field specifies the record word count.

8] 14 15

BITS 0—14 = WORD COUNT o
(BITS 0-15 = EVEN BYTE COUNT)

(A) 133996
Figure 1-18. Control Word W4

1.7.6 LSB MEMORY ADDRESS, W5. The LSB memory address is determined by W5 (figure
1-19). By the use of this control word, the software selects the 15 least significant bits (LSBs) of the
TILINE memory address for the starting address of a data transfer. The controller fetches or stores
data through the TILINE bus at sequential addresses until the word count decrements to zero. The
CPU byte selection bit (bit 15) is ignored by the controller.

0 14 15

LSB TILINE MEMORY ADDRESS (o]

(A) 133997
Figure 1-19. Control Word W5

1.7.7 UNIT SELECT AND MSB MEMORY ADDRESS, W6. Refer to figure 1-20. A disk con-
troller may operate two drives, each with two disk platters (one fixed, one removable cartridge).
Each platter is assigned an individual logical unit number. Even though the two platters in one disk
drive share the same spindle, head carriage, and disk drive electronics, they are treated as distinct
units from a programming point of view. Thus, there is no spillover of records from one platter to
another, though there is automatic surface and cylinder switching within each platter. Record
spillover between a fixed and a removable platter would inhibit transportability of programs and
data.
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(A) 133998
: Figure 1-20. Control Word W6

1.7.7.1 Bits 4 through 7, Unit Select. The position-coded bits in the unit select field (W6, bits 4-7)
specify the platter selected for the current operation. Only one platter can be selected at a time, as
follows:

Logical Unit Number Bit Selected Disk Platter*
0 4 Disk drive A, fixed disk
1 5 Disk drive A, cartridge disk
2 6 Disk drive B, fixed disk

3 7 Disk drive B, cartridge disk

*These are the standard assignments. A jumper option allows logical unit
number reversal between the two platters of a drive.

1.7.7.2 Bits 11 through 15, MSB Memory Address. This field selects the five most significant bits
(MSBS) of the TILINE memory address. These five bits are prefixed to the 15 LSBs of memory ad-
dress in W5 to complete the 20-bit TILINE address.

1.7.8 INTERRUPT AND CONTROLLER STATUS, W7. The interrupt and controller status
field, shown in figure 1-21, provides error information and controller status information to the
TILINE bus. Bits 0 through 4 are used primarily to report controller completion and error informa-
tion. Bits 7 through 15 are used to convey the error status information about the controller. The
following paragraphs describe individual bits and their functions.

. 1.7.8.1 Bit 0, Idle. Bit 0 is logic zero when the controller is busy (performing a sequence, etc.). The
software clears bit 0 to activate the disk controller and to start execution of the command bits (bits 5
through 7) of W1. When a command is successfully completed, or terminated because of an error
condition, the disk controller sets bit 0 to logic one. At the same time, the controller sets bit 1 of this
field for a successful completion, or sets bit 2 if the operation is terminated as the result of an error
condition.

1.7.8.2 Bit 1, Complete. Bit 1 is set when a command is completed without encountering an error.
The bit may be reset by the software when servicing the interrupt.

T T T T T RESERVED| AC ME DE TT 1E RE CT SE UE

1 I I

IDLE ERROR |LOCK OUT AC - ABNORMAL COMPLETION  RE - RATE ERROR
fe- B Lk £3 - SRR T
- - SEARCH ERROR
COMPLETE  INTERRUPT TT - TILINE TIMEOUT UE - UNIT ERROR
IE - ID ERROR
(A) 133999

Figure 1-21. Control Word W7
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1.7.8.3 Bit 2, Error. Bit 2 is set by the controller when an operation is terminated as the result of an
error condition. This bit may be reset by software when servicing the interrupt or the status that was
generated.

1.7.8.4 Bit 3, Interrupt. Bit 3 enables the controller interrupt when the complete bit (bit 1) or the
error bit (bit 2) is set. This interrupt enable does not affect the unit attention interrupts which are
controlled by the attention mask of WO0.

1.7.8.5 Bit 4, Lockout. Bit 4 is set to logic one by the controller after W7 is read while the con-:
troller is idle. This bit is intended for use with multiprocessor systems, to notify other processors:
that the next disk operation is reserved.

Bits 5 and 6 are reserved.

1.7.8.6 Bits 7 through 15, Controller Status. Bits 7 through 15 of W7 are controller status bits that.
represent the status of the controller after a command has been executed. The bits contain valid in-
formation when the error bit (bit 2) is set. A special case exists when a self-test error is detected.
When a self-test error occurs, all error status bits of R7 (bits 7 through 15) are set.

Bit 7, Abnormal Completion Error (AC). Bit 7 is set if a disk operation is terminated because an I/ O
reset, power failure warning, or master power reset was detected on the TILINE bus. (This bit is set
when the 990 computer is powered-up.)

Bit 8, TILINE Memory Error (ME). This bit is set after completion of one of three disk commands:
WRITE DATA, WRITE FORMAT, or WRITE UNFORMATTED, when it has been determined
that a memory error occurred during the time that data was being transferred from the TILINE bus
to the disk controller. (This is normally a parity error.)

Bit 9, Data Error (DE). This bit is set during a disk read operation if any of the calculated cyclic
redundancy check (CRC) characters do not match the check character read from the disk data
record(s). This means the CRC did not compare because of a parity error on the disk. All data
transfer operations are terminated after a data error is encountered.

Bit 10, TILINE Timeout Error (TT). This bit is set if the controller addresses a nonexistent memory
address, if a slave fails to respond or the controller cannot get bus access. TILINE timeout causes
command termination. The timeout period is 20 + 2 microseconds from the time TILINE access is
requested.

Bit 11, ID Word Error (IE). This bit is set when an ID word comparison error occurs during ID
verification of a READ DATA or WRITE DATA command. Verification includes comparison of
ID words 1 and 2 and CRC checking of the three words. One hardware retry is attempted if an ID
error occurs. If the retry fails, the command is aborted and error status is set.

Bit 12, Rate Error (RE). This bit is set when a timing error is encountered in the transfer of data
between the TILINE master control and the disk interface:

I.  During a read operation, the disk interface exceeds the capacity of the first-in, first-out
(FIFO) data buffer.

2. During a write operation, the disk interface empties the FIFO data buffer before
completing the writing of a data sector.

Bit 13, Command Timer Timeout (CT). This bit is set when the 200 £ 20 millisecond command timer
expires before an operation is completed. The timer acts as a dead-man timer which is reset by the
controller during normal execution of lengthy operations or while cycling in the IDLE loop.
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Bit 14, Search Error (SE). Bit 14 is set when the controller does not detect a sync character (6Ei¢)

rotru

within one physical sector while attempting to read from the disk. The conirolier attempts one retry
before commanding abortion.

Bit 15, Unit Error (UE). The unit error status bit (bit 15) is set when an operation is termina?ed
because of a disk drive error. The disk status word, W7, can be examined by software to determine
the cause of the unit error. The following may cause a unit error:

a. Unit not ready

b. Unit off-line

¢.  Unit unsafe

d. Seek incomplete

e. Write operation is attempted on write-protected unit.
1.8 DISK CONTROLLER BASIC COMMANDS
A three-bit field in control word W1 specifies the basic operation which the controller is to perform.
The basic commands are:

e STORE REGISTERS

e WRITE FORMAT

e READ DATA

e WRITE DATA

e READ UNFORMATTED

e WRITE UNFORMATTED

e SEEK

¢ RESTORE

These commands are not actually executed until the last word (W7) of the control block is loaded
into the disk controller, and a controller self-test is performed.

1.8.1 STORE REGISTERS. The device service routines in Texas Instruments standard operating
systems have been generalized to work with a number of different disk storage systems including the
DS31, DS10, DS25, DS50, and DS200. Although the control word structure for all these systems is
basically the same, disk operating parameters, such as words per track and cylinders available per
logical unit, vary from system to system. The operating system needs access to these operating
parameters in order to properly format records and manage the task roll-in and roll-out sequences.

The STORE REGISTERS command provides a means for the operating system software to
interrogate a disk system to determine the critical parameters of the system.
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A STORE REGISTERS command causes the disk controller to perform an extended self-test and
then send three words to 990 memory, starting at a memory address specified by the control words.
The three words, figure 1-22, contain the following information:

. Word 1. This word contains the total number of formatted words that can be recorded on
a disk track. The number is 3840;0 = 0F00s.

e  Word 2. This word contains the sectors per track and the number of words of overhead per
record to be used in the calculations of the format parameters. Bits 8 through 15 of this
word specify the number of overhead words per record. This is equal to 4810 = 301 for the
disk drive. Bits 0 through 7 of this word specify the number of sectors per track, which is
2010 = 1446.

For a DS10 disk system then, store registers - word 2 is 1430ss.
e  Word 3. This word contains the number of tracks per cylinder and the number of cylinders

per logical unit. A logical unit is equivalent to one fixed disk platter or one removable disk
cartridge. Each DS10 disk drive contains two logical units.

Item Bits Value for DS10
Tracks/Cylinder 04 0210 = 0256
Cylinders/logical unit 5-15 4080 = 19846

The composite content of word 3 is 1198;s.

Table 1-5 is an example of an eight-word control block which will cause the disk controller to
perform a store registers operation.

(o) 15
WORDS PER TRACK
[} 7 8 15
SECTORS/TRACK OVERHEAD/RECORD
8] 4 S 15
TRACKS/CYL CYLINDER/U&IT
(A) 134001

Figure 1-22. Store Registers Data Format
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Table 1-5. Example of Controi Words for STORE REGISTERS Command

Word Data Comments
0 0000 Clears the attention mask bits
1 0000 Command = STORE REGISTERS
2 0000 Not used
3 0000 Not used
4 0006 Three words
5 1000 Put three words into memory starting at TILINE address 008006
6 0800 Unit 0'
7 0800 Set lockout. Reset idie and ali status bits (1800, may be used if a

command termination interrupt is desired.)

Note:
'A unit does not have to be selected; but if no unit is selected, the disk status after the command
is complete will have the Not Ready and Off Line status bits set.

1.8.2 WRITE FORMAT COMMAND. The WRITE FORMAT command is used for formatting a
new disk or for reformatting an existing disk. One complete track is formatted per command.

Formatting a track consists of writing record identification headers and temporary filler data on the
track. A sector is the smallest unit of storage which can be assigned to a record. If the sectors per
record parameter (W2, bits 0-8) specifies one sector per record, then the write format operation
records a record identification header at the beginning of every sector on the track. If two sectors per
record are specified, the operation writes headers at the beginning of alternate sectors, and so on.

The selection of a sectors-per-record parameter is a trade-off between the amount of disk overhead,
which is a maximum at one sector per record, and the amount of disk space which is wasted by
records which are shorter than the allocated storage space.

The head address (0 or 1), cylinder address (0-407), sectors per record (1-20), and maximum record
size (word count) are supplied to the controller in the block of control words. A write format
operation always starts at sector 0, so the sector address (W2, bits 8-15) is ignored.

The TILINE memory address (WS and part of W6) gives the controller a memory location for the
filler word which is to be written into all the data record areas.

Figure 1-23 shows the format of the three-word record identification headers. The sector address is
derived dynamically from the drive as the disk rotates, and a different value is placed in each header.
The head address, cylinder address, sectors per record parameter and word count are the same for
all identification headers for a track.

The disk controller records a gap of all clock pulses and a synchronization character before each
identification header and data record. It also appends a cyclic redundancy check (CRC) character to
the end of each header and data record.

The controller automatically reads back the record identification header and verifies it against the
CRC character and the current record parameters before performing a read data or write data
operation in the specified sector(s).
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o 4 s 15
HEAD CYLINDER
o 7 8 15
SECTORS/RECORD SECTOR ADDRESS
o 15
WORD COUNT
(A) 134002

Figure 1-23. Record Header Data Format

Table 1-6 is an example of the control words required for a WRITE FORMAT command.

Table 1-6. WRITE FORMAT Command Example

Word Data
0 0000
1 0101
2 0300
3 00CA
4 03D8
5 1000
6 0800
7 1800

Comments

The command is WRITE FORMAT:; the surface address is = 1

The record will be three sectors long. The sector address is zero
(0000) ‘

Cylinder address selected is CAyg

Word count = Maximum for three sectors/record
Memory address

Unit 0

Use interrupts and leave lockout set.

1.8.3 READ DATA COMMAND. The READ DATA command identifies a record location,
specifies how many words are to be transferred from this record, and gives the starting address of a
memory buffer area that is to receive the data read from the disk.

After performing the self-test, the controller checks disk drive status, seeks to the specified cylinder
address (W3), selects the head (W1, bits 10-15), and searches for the starting sector address (W2, bits
8-15). When the starting sector comes under the heads, the controller reads the record identification
header, verifies the CRC character, checks the first two header identification words against the
parameters in the READ command, and stores the record word count (ID header word 3).

The read head is turned off during the gap period following the header, and is reenabled preceding
the data area. When the synchronization character is detected, the controller starts assembling 16-bit
data words and transmitting them to 990 memory, starting at the address specified in W5 and part of

Wé.

NOTE

The data transfer to memory may be suppressed by the transfer
inhibit (TIH) bit in W1,

1-32 Digital Systems Division



946262-9701

As each word is transferred, the record word count originally supplied in W4 is decremented.

When the controller encounters the end of a record but the remaining transfer word count is
nonzero, the controller automatically continues reading data on the next sequential record of the
track if it exists. The new record ID is checked before continuation of data gathering.

When the remaining transfer word count is zero but the controller has not encountered the end of a
record, the controller stops transferring data words across the TILINE bus but continues to read
data from the disk until the end-of-record is encountered so that the CRC character can be checked
before loading status.

When the controller encounters the end of a track and the remaining transfer word count is
nonzero, the controller automatically increments the head address to the next track; reads the ID
words for the first sector (00) of that track; verifies the contents of ID words 1 and 2; stores the con-
tents of ID word 3; and verifies the CRC character following the ID words. It then iooks for the sync
character, continues reading data from disk, and begins transferring data over the TILINE bus
again.

When the controller encounters the end of a cylinder and the remaining transfer word count is
nonzero, the controller automatically seeks to the next cylinder and selects head address zero for the
new track. It then reads the ID words for sector 00, verifies the contents of ID words 1 and 2, and
stores the contents of ID word 3. Next it verifies the CRC character following the ID words, looks
for the sync character and continues to read words from the disk and transfer them to the TILINE
bus if Transfer Inhibit is not specified. If the end of the last cylinder is reached, and the remaining
word count is nonzero, the operation will terminate with Unit Error.

Table 1-7 is an example of the control words associated with a read data command.

Table 1-7. Example of READ DATA Command

Word Data Comments

0 0000 Clear the attention mask bits

1 0200 Read surface 0

2 0300 Three sectors/record, start on sector 0

3 0000 Cylinder 0

4 2000 10006 words

5 0000 TILINE memory address = F8000,¢

6 021F Unit 2

7 0 Do not use interrupts or lockout
Note:

In this example, the format of all of the tracks read must be three sectors per record or an
error will be flagged.

1.8.4 WRITE DATA COMMAND. The WRITE DATA command causes the controller to record
data on a previously formatted track, or to write over a previous record.

After self-test, the controller uses the unit select, head address, cylinder address and sector address
parameters from the control words to locate the starting sector of the record.
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The controller reads the three-word record ID header and checks the header CRC character. The
address and sectors per record parameters in header words one and two are checked against the
parameters supplied with the WRITE DATA command. The record word count is stored for later
use. If the 1D words fail to compare, the operation is terminated with an ID error status bit.

Assuming that the ID comparison is correct, the controller disables the read head, and after a delay,
enables the write and straddle erase heads. A predetermined gap of all clock pulses is recorded
followed by a synchronization character which identifies the beginning of the data area. Then the
data is written on the disk.

The data words are read from 990 memory, starting at the TILINE address supplied in W5 and part
of W6. The word count specified by W4 is decremented each time a 16-bit data word is transferred
from memory to the disk controller. The record word count read from header ID word 3 is also
decremented.

Data is written on the disk until the specified number of words have been transferred unless a
terminate condition is encountered. When the number of words to be transferred is greater than the
number of words per record, the controller continues to the next sequential record. The next
sequential record starts at the sector number whose value is equal to the beginning sector number of
the last record plus the number of sectors per record.

When the transfer word count is less than the record word count, the controiier fills the remainder of
the record with zeros until the record word count has been decremented to zero.

When the controller encounters the end of a track for a cylinder and the remaining transfer word
count is nonzero, it automatically increments the head address to the next track, starts reading ID of
sector zero, verifies the contents of ID words 1 and 2, and stores the contents of ID word 3. It then
verifies the CRC character following the ID words and continues the write operation after the ap-
propriate delay.

When the controller encounters the end of a cylinder and the remaining transfer word count is
nonzero, it automatically seeks to the next cylinder and selects head address zero for the new track.
The controller starts reading the ID for sector zero, verifies the ID words, and continues the write
operation at sector zero.

1.8.5 READ UNFORMATTED COMMAND. The READ UNFORMATTED command allows
the 990 computer to read whatever is recorded on the disk, without regard to sector boundaries,
record formats, record boundaries, or end of track boundaries. READ UNFORMATTED is
primarily a diagnostic tool.

Starting at a disk address specified in the control words, the READ UNFORMATTED command
causes the controller to read data and transfer it to main memory until the word count (W4) is
decremented to zero. A check for the CRC character is performed at the end of the operation. If the
CRC is not correct, error status will be reported.

One useful application of the READ UNFORMATTED command is in determining the format of
an unknown track. For this case, the command words should specify the track address and select
sector 0 with a word count of three. If a write format operation has ever been performed on that
track, there will be a three-word record ID header and a CRC character at the beginning of sector 0.
The READ UNFORMATTED command will transfer the three header words to 990 memory and
correctly perform the CRC check.
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A CRC erraris to be expected duringa READ UNFORMATTED operation, except for two special
cases. These cases are:

e  If the track was recorded with a WRITE UNFORMATTED command with parameters
corresponding exactly to the read unformatted operation

e  The special case of record-header checking previously described above.

Table 1-8 shows an example of a READ UNFORMATTED command used to read the three header
words and the header CRC character to 990 memory.

Table 1-8. READ UNFORMATTED Command Example

READ UNFORMATTED Command

Word Data Comments
0 0000
1 0400 Unformatted read
2 0001 Sector/record not used. Sector address = 1
3 0000 Cylinder 0
4 0006 310 words
5 1000 TILINE memory address = 008006
6 0400 Unit = 1
7 1800 Use interrupts and lockout

Data Received from Command

Word Data Comments
0 0000 Track 0
1 0101 Sector/record = 1, sector = 1
2 0002 4 bytes, 2 words

1.8.6 WRITE UNFORMATTED COMMAND. A WRITE UNFORMATTED command transfers
data onto the disk, starting at the specified sector, without regard to the record header formats
described previously. That is, the controller does not read or check any record headers. This
operation is not used with Texas Instruments standard operating system software. The WRITE
UNFORMATTED command could be used in disk track verification. In this case, the programmer
would use a WRITE UNFORMATTED command to write on the entire track, and a READ
UNFORMATTED command to verify that the data can be recovered without any errors.

A data CRC character is recorded during a WRITE UNFORMATTED operation.

1.8.7 SEEK COMMAND. The SEEK command causes the disk controller to implement
initialization and run a short diagnostic self-test. The command does not issue the new cylinder

address to the disk drive. Instead, the command executes to termination and completes normally if

no error conditions are detected. The actual seek is not performed because the heads for the fixed

and removable disks move together as a unit on the same head carriage assembly. Independent seeks

that would be issued in the overlapped mode between the two head assemblies are a physical

impossibility. By accepting the command but not issuing it to the disk drive, the software command

structure remains compatible with other disk systems. Table 1-9 is an example of the SEEK

command.
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Table 1-9. Example of a SEEK Command

Word Data Comments
0 0000
1 0600 Seek surface is not used
2 0000 Sector/record and sector and address are not used
3 0003 Cylinder = 3
4 0000 Word count is not used
5 0000 Memory address is not used
6 0100 Unit = 3
7 1800 Use controller interrupts and lockout

1.8.8 RESTORE COMMAND. The RESTORE command is required if a seek incomplete disk
status is detected by software or if an unsafe disk status occurs. The RESTORE command positions
the heads of the selected disk drive over cylinder zero, and clears the fault logic in the drive.

Before issuing the RESTORE command, the off-line status is checked. If the drive is off-line, the
RESTORE command is aborted and the unit error status in R7 is set. If the drive is on-line, the
RESTORE command is issued to the drive and the controller executes a 0.5-second delay loop.
Following the delay, the controller issues an interrupt to the computer if either the interrupt bit is set
or one of the attention mask bits is set. Overlapped restores are not allowed between the fixed and
cartridge disks because the heads are attached to the same carriage assembly and move together as a
unit.

1.9 DISK DATA CONFIGURATION

Each disk platter has two surfaces for data recording, as shown in figure 1-24. The upper platter is
the top-loading 5440-type disk cartridge and the lower platter is the fixed disk which is built into the
DS10 disk drive.

Figure 1-25 shows the organization of one recording surface. A sector/index transducer provides the
disk drive electronics with one index mark and 20 sector marks per revolution. The disk drive elec-
tronics uses the sector and index marks to develop a sector address which identifies the sector which
is under the read/write heads. The sector mark, index mark, and sector address are supplied to the
disk controller, which uses these inputs for organizing and locating disk data.

A track is the data path which rotates under a read/ write head, with the head carriage stationary.
Head carriage motion toward and away from the spindle divides the recording surface into 408
tracks (0-407) with empty guard bands between tracks to prevent crosstalk. The head carriage
follows a precision scale to determine track location.

HEAD LOGICAL UNIT
SELECTION NUMBER %
= O DRIVE A DRIVE B

[

% LOGICAL UNIT NUMBERS
WITHIN A DRIVE MAY
BE REVERSED BY CARTRIDGE 1 3
JUMPER SELECTION

] P

FIXED ) 2

]

(A) 138694

1

Figure 1-24. Disk Platter and Read/Write Head Organization
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ROTATION 19 o
1
TRACK
[0)
16 3

15 4

14 5
TOP VIEW NOTE: SECTOR/INDEX

MARKS ARE DERIVED
SEPARATELY FOR THE FIXED
AND THE REMOVABLE DISK
PLATTERS,

(A) 138695

Figure 1-25. Sector and Track Organization

The term “track” refers to a single surface. The term “cylinder” refers to all the tracks which could be
recorded by electrically switching heads without moving the head carriage. For the DS10 disk drive,
a cylinder consists of two tracks, one on the upper surface of the platter, and one on the lower

surface.

A track number and a sector number specify the smallest unit of disk storage which can be allocated
to a data record. With the track organized into one sector per record, 288 data bytes may be recorded
in one sector, and 5760 data bytes may be recorded on the track.

There is some formatting “overhead” associated with each record. The total space devoted to track
overhead may be reduced by organizing the data into several sectors (20 maximum) per record.
Sector per record formats may vary from track to track, but they remain constant within a track.
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Figure 1-26 shows the organization of a record which is formatted as one sector per record. All
records must start at a sector mark, no matter what the sector per record organization may be. The
first 78 microseconds is devoted to the preidentification gap (gap 1), also referred to as the pre-
amble. An all-zeros pattern (clock with no data pulses) is recorded in this gap. The gap compensates
for any mechanical variations in sector transducer positioning or read/write head skew due to mis-
alignment. The clock pattern synchronizes the phase-locked clock/data separator in the disk drive
electronics. A 6E,s (01101110) synchronization character notifies the controller that the gap has
ended and that valid data has started. The controller starts grouping serial read data into 16-bit
words upon detection of the synchronization character. Three record identification words and an
error check word follow the synchronization character. This record identification header was placed
on the disk when the disk was formatted. It is not changed during read data or write data opera-
tions. It is read in order to verify that the controller, disk drive, and the disk agree on the parameters
of the record.

Another gap (gap 2) separates the header and the beginning of the data record. Gap 2 consists of 88
zeros, approximately 35.2 microseconds of all clock pulses. Write head turn-on transients may be
picked up in this gap, so there is a window in which the read circuits are inhibited.

The clock pulses at the end of gap 2 are rerecorded during a write operation, in order to properly
synchronize the clock/data separator during.a future read operation.

Another 6E ;¢ synchronization character identifies the start of the data. At one sector per record, 144
words may be recorded. Much larger records may be stored if the record spans multiple sectors. The
last word is a cyclic redundancy check character, which is used during read operations to verify the
integrity of the entire data storage and recovery operation.

A third gap, called gap 3 or the post-record gap, follows the data record. Gap 3 compensates for
possible sector transducer and read/write head misalignment. Gap 3 prevents the end of the current
record from overlapping the start of the next record.
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SECTION 2
THEORY OF OPERATION

This section describes the theory of operation for the Model DS10 Cartridge Disk Controller, part
number 937505-1 (PWB) or part number 2262100-1 (fine line). Detailed circuit descriptions in this
chapter are based on logic drawings 937502 (PWB) and 2262102 (fine line), which are included in
Appendix G.

2.1 DISK CONTROLLER INTERFACES

Figure 2-1 shows the disk controller interface signals, grouped according to function. The left side of
the figure shows the interface between the disk controller and the TILINE bus that runs through the
990 computer chassis.

The TILINE master and slave data transfer signals include:

e TILINE Address. Twenty bidirectional address lines used to define the location of data
during a read or write operation.

o TILINE Data. Sixteen bidirectional data lines used to transfer data between the TILINE
and the controller.

e  TILINE Read. This signal is a read control signal when high, and a write control signal
when low. It is developed by the TILINE master device that is in control of the bus.

e  TILINE Go. Initiates data transfers between the TILINE and the controller on the high to
low transition.

e TILINE Terminate. Indicates the operation of a TILINE slave has been completed.

e TILINE Memory Error. Indicates that a nonrecoverable error has occurred during a
memory read operation.

The TILINE access control signals are used to coordinate the orderly sharing of bus resources
among competing TILINE master devices. These signals include:

e TILINE Wait. Temporarily suspends the controller from using the TILINE.

e TILINE Acknowledge. When low, this signal indicates that some device has requested
access to the TILINE, has acquired the next available access cycle, and is waiting for the
bus to become available. When high, this signal indicates the next TILINE access is not
reserved.

e TILINE Available. When low, this signal indicates that the TILINE is busy. When high, it
indicates that no device is using the TILINE.

e TILINE Access Granted In. When high, this signal indicates that no higher priority
TILINE master has requested use of the TILINE. When low, this signal prevents the
controller from using the TILINE.

e  TILINE Access Granted Out. This signal, when low, indicates the controller is requesting
use of the TILINE and prevents all lower priority master devices from using the bus.
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Figure 2-1. DS10 Disk Controller Interface Signals
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There is one data interrupt related to controller operation:

¢  TILINE Interrupt. This is the general interrupt from the controlier siot location to the 990
processor.

The peripheral reset signals clear the controller and the disk drive to safe states in the event of an I/ O
reset instruction or a power shutdown. These signals are:

e TILINE Power Failure Warning Pulse. A signal preceding TLPWRES- that indicates a
computer power-down sequence is in progress.

e TILINE Power Reset. This signal line goes low to reset the controller and all other
TILINE devices. It is generated as part of the computer power-down and power-up
sequences.

e TILINE I/O Reset. When this signal is low, it halts and resets all TILINE I/ O devices.
This signal is developed by the 990 processor.

The signals exchanged between the disk controller and the disk drive(s) fall into five categories;
write, read, access control, disk platter rotational position, and drive status.

The write signals include:

e  Write Data and Clock. Serial double-frequency (FM) waveform in which data and clock
pulses are multiplexed on one signal line.

e  Write Gate. An enabling command that allows the drive to supply write current to the
specified read/write head.

e  FErase Gate. An enabling command that turns on erase current to the straddle erase heads.
The read enabling signals include:

e Read Data. A serial bit stream separated from the clock bit stream by a clock/data
separator circuit in the disk drive electronics.

e Read Clock. Clock pulses from the previously recorded write data and clock bit stream.
e Read Gate. Enables the disk drive read heads and read electronics.

The access control signals include all the signals necessary to select a drive unit, platter, head and
track. These signals include:

e  Cylinder Address. Nine lines that specify the required position of the head carriage.

e  Cylinder Address Strobe. A pulse that loads the cylinder address into the disk drive
electronics.

®  Address acknowledge. Confirmation by the drive that a valid (0-407) cylinder address was
accepted.

e  Restore. A master clear command that clears the disk drive fault latches and address
register, and runs the head carriage through a full stroke (forward to track 407, back to
track 0).
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e  Drive Unit Select A and B. Lines that specify the first or second disk drive.
e  Disk Select. Specifies the fixed or the removable disk drive.
o  Head Select. Specifies the upper or lower surface of the disk platter.

The rotational position signals are used to keep track of the disk position as it rotates under the
heads. It is important to note that the sector/index marks are sensed separately on the fixed and on
the removable platter. The sector encoder for the fixed disk is hard-mounted on the spindle. The
sector slots for the removable cartridge are built into a ring within the individual cartridge. The
rotational position signals (which apply to the platter currently selected) are:

e Index Mark. Pulse that occurs once per revolution, at the beginning of sector 0.

e  Sector mark. Pulse that occurs at the start of each sector (20 times per revolution). Serves
as a timing reference and indicates that the current sector address is stable and valid.

e  Sector address. Five-bit binary sector address supplied by the disk drive electronics
derived from sector pulses.

The status signals from the selected disk are:

®  On-Line. Drive power applied, disk up to speed, and other conditions (described with the
disk interface logic).

®  Seek Error. Fault detected in head carriage positioning.
e  Fault. Generalized fault indication.

e  Write Protect. Selected disk platter protected from write operations by WRITE
PROTECT-FIXED or WRITE PROTECT-CART switch on disk drive front panel.

e  Ready. Ready to start read or write with head carriage at specified cylinder, no faults
detected.

The interface figure (figure 2-1) also shows the logical unit number reversing jumpers on the cable
adapters.

2.2 DISK CONTROLLER BASIC BLOCK DIAGRAM DESCRIPTION

The Model DS10 Cartridge Disk Controller is a microprocessor-based “smart” controller that
manages disk control and data transfers independently of the Model 990 computer after accepting a
group of control parameters.

Figure 2-2 shows that the disk controller logic may be partitioned into three major functional
groups: the TILINE interface, the microprocessor-based sequence controller (microcontroller), and
the disk interface logic.

2.2.1 TILINE INTERFACE. The TILINE interface consists of the TILINE slave logic, the TILINE
master logic, and the line drivers and receivers. The slave logic is activated when the 990 processor
addresses one of the eight TILINE slave addresses that are assigned to the controller. These eight
TILINE slave addresses are dedicated to control and status words W0-W7, and are used to load
control words (TILINE slave write operation) or to request status words (TILINE slave read
operation). The term “slave” is applied to these operations because the controller responds to an
externally-supplied address and to a read/write command, much like a memory.
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The TILINE master logic is activated to transfer data between the disk drive and a specified (by
control words) buffer area of 990 memory. The TILINE master logic requests and attains bus .
control, and manages the “handshaking” exchange of signals necessary to transfer each word. -

2.2.2 MICROCONTROLLER. The microcontroller uses a 16-bit processor and a permanent on-
board microprogram to control execution of the operations specified by control words W0-W7.

The processor is an array of eight 3002 central processing element (CPE) devices. Each high-speed,
bipolar CPE is organized as a two-bit slice of a complete processor, including input buses, output
buses, internal storage registers, and an arithmetic/logic unit. The CPEs are connected with external
shift and look-ahead carry logic, in an array that can process eight-bit bytes or 16-bit words. The
CPEs perform the add, subtract, complement, shift, store, mask and logical operations required by
the microprogram.

The CPE array uses internal registers for storage of control word W0-W7 and also for the scratchpad
storage necessary to maintain loop counters and store other operands and intermediate results. The
CPE array does not have access to an external read/write memory for scratch pad purposes.

The main data transfer path through the disk controller is the 16-bit processor bus (P-bus), which
links the TILINE line drivers/receivers, the CPE array and the disk interface. The CPE array can
accept data from the processor bus or place CPE accumulator data on the bus, as commanded by the
microprogram.

Disk controller internal status and disk drive status are supplied to the CPE array on the external
input (I-bus) lines. The masking and bit-testing capabilities of the CPE array are used by the
-microprogram to sense the progress of ongoing operations and steer microprogram execution based
on current conditions. A separate disk status word is available over the processor bus for the same
purposes.

The mask input (K-bus) of the CPE array is used by the microprogram to load constants and masks
into the CPE array.

The CPE address (A-bus) outputs are used to supply 16 bits of the 20-bit TILINE address during
TILINE master cycles; i.e., when the controller is acting as a master to control data transfers to and
from 990 memory.

The disk controller microprogram is burned into a group of 512-word read-only-memory (ROM)
devices. Each microprogram instruction or microinstruction is 40 bits wide. The microinstruction is
divided into multiple fields, each of which controls some aspect of TILINE interface,
microcontroller, or disk interface operation. Fields within the microinstruction select processor bus
sources and destinations, clock generation, CPE array left byte/right byte/full word mode, CPE
function code, CPE mask inputs, disk drive control signals, and microinstruction address selection.
This is only a partial list, but serves to emphasize the fact that the microinstructions are intimately
involved in all aspects of disk controller operation.

The microprogram address generator selects each microinstruction from read-only-memory. The
address generator can step through sequential addresses, branch conditionally or unconditionally,
link to subroutines, and return conditionally or unconditionally to addresses stored in a four-word
stack, or branch to predefined interrupt trap locations.

2.2.3 DISK INTERFACE. The disk interface logic performs the operations necessary to convert
between the serial recording format required by the disk drive and the parallel formats imposed by
the processor bus and TILINE bus, compensates for clock and data rate differences, checks data
integrity, supplies drive control signals and monitors drive status and rotational position signals.
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Figure 2-3 shows the major functional blocks of the disk interface. The 16-word first-in, first-out
(FIFO) buffer compensates for the differences in data transfer rates between the TILINE {or ihe
CPE array) and the disk. This is necessary because the TILINE is shared between multiple users and
is not always instantly available, while the disk data rate is inflexibly fixed by the inertia of a rotating
mass.

The serial/parallel shift register, like the FIFO, is used on both read and write operations. During
disk read, the shift register assembles serial data into 16-bit parallel words. During disk write, the
shift register accepts 16-bit parallel data from the FIFO and converts it to serial form.

The cyclic redundancy check (CRC) generator calculates a data integrity code during write
operations, and transmits that code following the last data word of the record. During read
operations, the CRC code is recalculated and checked against the previously recorded value. If they
compare, the integrity of the entire write, store, and read operation is verified.

2.3 BASIC DATA FLOW
The following paragraphs describe data flow through the disk controller for five important cases.

2.3.1 DATA FLOW — LOADING COMMAND WORDS INTO THE DISK CONTROLLER.
Refer to figure 24, which shows the data flow involved in loading command words W0-W7 into the
disk controller. Each command word is sent from the 990 processor to the controller as a TILINE
data word. The 990 processor acts as a TILINE master during these operations. It acquires control of
the TILINE, supplies the TILINE address, the read/write control signal and the word to be sent to
the controller. The controller acts as a TILINE slave, decoding the address and responding to the
read/write signal by accepting a 16-bit word.

Each of the eight command words is assigned a unique TILINE address ranging from the TILINE
base address to the base address +7 word addresses. The addresses are assigned in order; i.e., control
word WO is assigned the base address, W1 is assigned the base address +1 word address, and so on.

The disk controller microprogram has eight unique trap addresses assigned to write operations on
control words W0-W7. The decoded TILINE address initiates the slave write trap for the particular
command word. The microinstructions in the trap routine steer the TILINE data word onto the
processor bus and command the CPE array to store the control word in the correct CPE scratch pad
register. CPE scratch pad registers R0-R7 are assigned to store control words W0-W7, respectively.

The microprogram disables the TILINE slave logic after receiving a control word W7 with a zero in
the idle bit, which initiates decoding and execution of the command.

The slave logic remains disabled until the controller has completed the commanded operation.
Therefore, control words W0-W6 may be transmitted in any order, but W7 must be the last word.

2.3.2 DATA FLOW FOR DISK WRITE OPERATIONS. Refer to figure 2-5, which shows the
simplified data flow for the disk write operations, write data and write unformatted. During a write
data or a write unformatted operation, the disk controller is operating under its internal
microprogram, using previously stored command words W0-W7 as parameters.

NOTE

During a write data operation, the controller reads back and verifies
the record header prior to recording any data. That data flow is
shown in figure 2-8. The data flow in this paragraph also does not
apply to the write format operation.

2-7 Digital Systems Division



a swejsAg eybig

Ead]

UOISIAL

TO CPE
I1-BUS
INPUTS

TILINE LINE
DRIVERS AND
RECEIVERS,
CPE D-BUS
OUTPUTS,
M-BUS INPUTS

2282591

FROM MICRO- > »
INSTRUCTION bl
FROM MICRO-

DECODE {NSTRUCTION DRIVE
A DECODE SELECT [ ——————————%
AND
l l { "} CONTROL »
DISK I/F
CONTROL.
CPE (-BUS
sTATUS |¢&—m————
RECEIVERS
PROCESSOR BUS (PBUS00- THRU 15-) I
-
FROM MICRO- TEST CLOCK
INSTRUCTION
DR'EEST DECODE l
— Al
REGISTER
READ CLOCK DISK CLOCK WRITE |
DISTRIBUTION CLOCK
WRITE I
READ |
SERIAL
WRITE
DATA ENCODE
— — WRITE DATA
1 6-BIT ENé:g/STOR WRITE DATA AND CLOCK
AL o T
X P
16=-WORD CHECKER
FIFO
BUFFER
FLAGS
——p] —» FLAGS l
PARALLEL READ DATA |
SERIAL
READ DATA I READ DATA
READ DATA
SYNC AND CLOCK
DETECT TO DISK BUFFERS READ CLOCK
cLocK
DISTRIBUTION -

Figure 2-3. Disk Interface Simplified Block Diagram

DS10
DISK
DRIVE(S)

10L6-T979v6



67

1g swejsAg 1eybig

UOISIA

MICROPROGRAM MICROPROGRAM '

OTHER

ADDRESS -

GENERATOR ROM CONTROLS
——

SLAVE TRAP

| ADDRESS CPE FUNCTION
CONTROL
| — —» F
LEFT BYTE
TILINE ADDRESS 0-19 | ; CPE ARRAY
TILINE 0-7
SLAVE LOGIC M=~ = DP‘
| .
l 3
L Y. __ .
' | RO________ - i
RY -t T
| I
L B3 L]
| - R4 _ ]
9290 L RS o ]
SYSTEM /F | L e e e m o ]
l TILINE LINE »
RECEIVERS RIGHT BYTE
TILINE DATAO-I S I PROCESSOR BUS 0-15 8~15 CPE ARRAY
M ===1 D feme——f
| !
| -
L RO o ]
| RI__ T T
| R2 _ . _ _ . _
| R3S _ ___°°°17
| L R4 _ _ __ _ _ _J
DISK CONTROLLER --§§6 —————————
l CR7 -~ — — T —

2282584

Figure 2-4. Simplified Data Flow — Loading Command Words Into the Disk Controller

10L6-T929V6



01-¢

a swejsAs (eybia

UOISIAl

TILINE ADDRESS 0-1 9

990 MAIN
MEMORY

TILINE
DATAO-16

(B) 138626

TILINE
ADDRESS 16—19

TILINE
ADDRESS 0-15

PROCESSOR
BUS DATA 0-15

TILINE DATA TO
PROCESSOR BUS
ENABLE

READ/WRITE
SELECTION

DISK CONTROLLER

TILINE MSB ADDRESS REGISTER

CPE ADDRESS (A) BUS OUTPUTS

OPERATION AT

OPERATION AT
DISK 1/F

cycLic
REDUNDANCY
CHECK (CRC)

-

TILINE I/F
D

ATA RATE DATA RATE

1 6—WORD

(FIFO) BUFFER

PARALLEL
TO SERIAL

FIFO OUTPUT 0-15

CONVERSION

SERIAL DATA

CRC CHARACTER (END OF RECORD)

DISK WRITE
CLOCK

DATA/CRC
SELECTION

Figure 2-5. Simplified Data Flow for Disk Write Operation

DOUBLE-FREQUENCY
WRITE DATA AND
CLOCK

TO SELECTED DISK
(LOGICAL UNIT 0-3)

10L6-T979%6



@ 9462629701

The disk controller acts as a TILINE master to read the data from 990 memory and load it into the
16-word FIFO buffer. The initial TILINE address and the transfer word count for this operation are
parameters supplied by the control words. The CPE array updates the TILINE address and
decrements the word count as the operation proceeds.

The operation of requesting and obtaining access to the TILINE, transferring data, and
relinquishing control of the TILINE, is called a TILINE master cycle. One TILINE master read cycle
is performed for each data word that is to be recorded. Master cycles are initiated by the
microprogram, based on such conditions as whether there is space available in the FIFO and
whether the word count has been decremented to zero.

The FIFO serves as a buffer to adapt the variable data rate of the TILINE to the fixed data rate of
the disk. All operations from the FIFO output to the encoded write data and clock output are syn-
chronized to a crystal-controlled write clock oscillator.

The parallel-to-serial conversion occurs in the serial/parallel shift register. The CRC logic operates
on this serial bit stream and, at the end of the transmission, the 16-bit CRC character is shifted out
instead of serial data.

2.3.3 DATA FLOW FOR DISK READ OPERATION. Figure 2-6 shows the simplified data flow
for the disk read operations, read data and read unformatted.

NOTE

The data flow in this paragraph does not apply to reading and
verifying a record header prior to reading the record.

After the specified track and sector are located by the drive and the record header is checked against
parameters supplied in the control words, the disk controller turns off the read gate for a short time
to eliminate transient pickup, and then reenables it.

Read data and clock are supplied to the disk interface on separate lines by a phase-locked clock/data
separator in the disk drive electronics. The all-clock (data zeros) waveform in the prerecord gap locks
in the clock/data separator.

Read clock from the disk is used to clock all data operations between the read data buffer F/Fsand
the FIFO input.

The shift register shifts serial data in, but no additional operations occur until the 6E;s
synchronization character is recognized. At that point, the CRC generator is preset, a 16-bit counter
is cleared, and the FIFO accepts the next 16-bit word assembled by the serial/ parallel shift register.

The microprogram is notified (via the CPE I-bus) that data is available for transmission to 990
memory. The microprogram initiates a TILINE master write cycle each time there is a data word
available in the FIFO when the I-bus bit is checked, as long as the transfer word count has not been
decremented to zero.

If the transfer word count reaches zero before the end of the record, the controller microprogram
stops requesting TILINE master cycles, but continues to read the complete record in order to verify
the CRC character.

If the transfer inhibit bit (W1, bit 4) were set, the controller would read the entire record, but would
not request any TILINE master cycles, preventing any data flow to the 990 memory. The CRC
would be checked at the end of the operation. This is a means of checking a previously recorded
record without tying up the TILINE with unnecessary data transfers.

2-11 Digital Systems Division
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2.3.4 DATA FLOW FOR A WRITE FORMAT OPERATION. Refer to figure 2-7, which shows
data flow for a write format operation.

The write format operation is performed on every eligible sector of the specified track starting at
sector 0. If the specified format is one sector per record, every sector is eligible to serve as the start of
a record. For a two sectors per record format, sectors 0, 2, 4 . . . 18 are eligible.

The write format operation records an all-zeros preamble, a synchronization character; a three-word
record identification header, and a CRC character at the beginning of every eligible sector.

The data necessary to select the sectors and deveiop the record identification headers is included in
control words W0-W7 so that information is stored in the CPE internal registers.

The write format operation also requires that the controller fill each prerecord gap with clock pulses,
record a synchronization character, fill each data area with repeated copies of a filler word, and store
the CRC character at the end of each record.

The control words include a TILINE address which is the location of the filler word. The first data
flow cycle of a write format operation retrieves the filler word from 990 memory (with a TILINE
master read cycle) and gates it into the direct read register for temporary storage. It is then gated
onto the processor bus and stored in one of the CPE internal scratch pad registers.

The remaining data transfer cycles involve data flow from the CPE accumulator (D-bus) output to
the FIFO input via the processor bus, and from the FIFO output to the disk over the same data path
described in paragraph 2.3.3.

2.3.5 DATA FLOW FOR A VERIFY RECORD HEADER OPERATION. The read data and
.write data operations require that the record identification header be checked before reading or
writing the data record. This operation provides a 3-way check between the format recorded on the
disk, the record parameters specified by the control words, and the physical track and sector location
of the read/write heads.

The desired track location is supplied by the control words, and the disk controller commands the
disk drive to move the head carriage to that physical location and select the proper recording surface.
When the seek is complete, the disk controller monitors for sector marks, and reads each sector
address, waiting for the specified sector to rotate under the read/write heads. It is important to note
that this sector address supplied to the controller is not read from the record identification headers.
It is developed by the disk drive electronics by tallying sector marks from index mark to index mark.

When the sector address supplied in the control words agrees with the sector address sampled from
the disk drive, the controller enables the read gate, monitors for the synchronization character, and
then reads the three-word header into the CPE array and checks the CRC character.

If the record header compares correctly to the parameters supplied in the control words, it indicates
that the format previously recorded on the disk is correct and recoverable, that the disk drive
accessing electromechanical and electronic components are working, and that the parameters of the
record as specified for the read/write operation agree with the parameters of the physical record on
the disk platter.

Figure 2-8 shows the data flow for reading a record header. Between the disk drive and the output of
the serial/parallel shift register, the data flow is identical to a read data or read unformatted
operation.
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The FIFO buffer is not used while reading record headers. Instead, each word is loaded into the
direct read register and then transferred over the processor bus to the M-bus inputs of the CPE
array. The data and clock inputs to the direct read register are wired in parallel with the FIFO input.

The FIFO buffer is not required when reading record headers because there are no TILINE data
transfers required. It is the variable data rate of the TILINE, which is shared by multiple, competing
masters, which imposes the need for a FIFO in the disk controller. The microprogram and the CPE
array operate much faster than the disk data rate, so the FIFO is not needed for this operation.

2.4 DISK CONTROLLER MICROPROGRAM CONTROL

The 512-word microprogram is always running when power is applied to the controller. The
microprogram consists of 40 routines and subroutines which perform internal “housekeeping”
operations, control the acceptance of W0-W7, run controller self-tests, and execute the operations
specified by the control words.

2.4.1 MICROINSTRUCTION FORMAT. The 40 output bits of the microprogram read-only
memory, ROMO00-39 are collectively called the ROM bus. These microinstruction bits control every
aspect of disk controller operations, including clock control, bus source/destination control,
initiation of TILINE master cycles, initiation of disk interface operations, control of CPE array
arithmetic, and logical and bit testing functions, among others.

NOTE

Because the microinstructions control so many functions distributed
throughout the controller logic, and because of their critical
importance in directing operations, a thorough understanding of
microinstruction capabilities and format is necessary to understand
the disk controller logic.

The microinstruction format is shown in figure 2-9. The first sheet of this drawing shows the overall
functional grouping of microinstruction bits into 12 main fields and six subfields (special fields).
Detailed breakdowns of each field describe the function performed by each possible bit combination
within the field.

Each microinstruction field is briefly described below.

24.1.1 CPE Conditional Clock — ROMAJ. Bit 0 is the CPE conditional clock control. It may be
used to stop the CPE clock so the CPE can perform nondestructive testing of data. No CPE register
contents are changed in the absence of the clock pulse. The CPE clock is stopped as part of a
conditional branch or conditional return instruction. The test bit is checked during the interval that
the CPE clock is stopped, and the test bit determines the next microprogram address. Note that only
the clock input to the CPE array is stopped. Clock pulses to the other microcontroller logic,
including the microprogram address generator, remain enabled.

2.4.1.2 CPE Function Control Field (F and R Fields) — ROMO01-07. The CPE function control
field controls the function code inputs, F6-F0, of the 3002 CPEs. The function code consists of a
three-bit function field and a four-bit register field. The function field selects one of the eight F-
groups, or function groups, of the 3002 CPE. The F-group determines the type of CPE operation.
The four-bit register field selects one of the 12 CPE internal registers for the operation. The CPE
registers are divided into three R-groups, R-Groups I, II and III. The transfer and accumulator
registers are the only registers in R-Group II and R- Group IIL. They are also mcludcd in R-Group L.
Refer to the detailed 3002 CPE data for the CPE instruction set.

’,
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CPE LEFT BYTE TO PBUS00-07, RIGHT BYTE TO PBUS08-15
FLOATING BUS — NO DATA TRANSFER VIA PBUS

TILINE DATA TO PROCESSOR BUS

DISK DATA FROM FIF0O TO PROCESSOR BUS (FRO DIR CT READ
REGISTER IF DIRECT MODE SET BY SPE CI Al. FIELD O

STATUS BITS FROM DISK DRIVE TO PROCESSOFI aus

BC
BITS N
L AR FUNCTIO COMMENT
0 0 O | UNCONDITIONAL INCRE—
MENT TO CURRENT
ADDRESS + 1
0 0 1 | UNCONDITIONAL BRANCH
TO NEXT ROM ADDRESS
(NRA)
0 1 0 | CONDITIONAL BRANCH IF | TESTBITQ TRUE TO ENABLE BRANCH, OTHERWISE
TRUE TO NEXT ROM INCREMENT ADDRESS
ADDRESS (NRA)
0 1 1 | CONDITIONAL BRANCH IF | TESTBITQ FALSE TO ENABLE BRANCH, OTHERWISE
FALSE TO NEXT ROM INCREMENT ADDRESS
ADDRESS (NRA)
1 0 O | UNCONDITIONAL BRANCH | CURRENT ADDRESS +1 TO STACK

AND LINK TO NEXT ROM
ADDRESS (NRA)

CONDITIONAL RETURN IF
TRUE , BRANCH TO NRA
IF FALSE

CONDITIONAL RETURN IF
fF' I__rSE E RANCH TO NRA

UNCONDITIONAL RETURN

RETURN TO THE ADDRESS STORED IN THE STACK OF
THE SN745482 MCU ADDRESS GENERATOR IF
;CE)S’;I'RBAITQ IS TRUE, FOR TESTBITQ FALSE, BRANCH

RETURN TO THE ADDRESS STORED IN THE STACK OF
THE _SN74S482 MCU ADDRESS GENERATOR
;gSJRBAITQ IS FALSE., FOR TESTBITQ TRUE BRANCH

RETURN TO THE ADDRESS STORED IN THE STACK OF
THE SN745482 MCU ADDRESS GENERATOR.

I TILINE SLAVE CONTROL ]
ENSLV
BT FUNCTION COMMENT
o NoP DISABLE TILINE SLAVE )
1 ENSLV ENABLE SLAVE FLIP-FLOPS TO EXECUTE A SLAVE CYCLE

IF REQUESTED BY AN EXTERNAL TILINE MASTER SUCH
AS THE 990 PROCESSOR,

(B) 138252 (2/4)

THE MICRO—-PROGRAM ADDRESS

MCUADR1 -9 ) IS DETERMINED BY SN74S5482 NEXT ABIDE$SS

GENERATOR DEVICES, THE DEV ICE CONTAINS A 4—WORD PUSH/POP STACK , ADDER

PLEXER AND OUTPUT REGISTER,

DESCRIPTIONS,

THE OCCURRENCE OF A TRAP WILL STORE THE BRANCH ADDRESS DETERMINED
STACK AND CAUSE A JUMP

REFER TO THE SN74S5482 AND BRANCH CONTROL ROM

A OVE IN THE

TO THE TRAP ADDRESS, WHICH REPLACES THE NRA FIEL!

[ PROCESSOR BUS DESTINATION FIELD J

81Ts
20 21 FUNCTION COMMENT
0o o NOP NO FUNCTION
o 1 UNITLOAD % LOAD DISK UNIT SELECT SIGNALS INTO THE UNIT
SELECT REGISTER
1 0 FIFO* LOADS.CPE OUTPUT WORD INTO FIFO FOR TRANS—
MISSION TO DISK, NOT REQUIRED FOR TILINE
TO DISK TRANSFER
1 1 CYL. ADDR¥ LOADS CPE OUTPUT WORD INTO DISK ADDRESS

SELECT REGISTER

# COMMAND IS STROEED ON NEXT MICROPROCESSOR CLOCK

(MPCK—

Figure 2-9. Microinstruction Format (Sheet 2 of 4)

) PULSE
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[nExT ROM ADDRESS FiELD]

L

tMMEDIATE OPERAND FIELD l

KC = 1 00R 1 1

™ FIELD

B8ITS
32 —39

COMMENT

THE 8= BlTS OF THE 1 ME 1A’
0 THE K-BUS

EACH BIT OF T

INPUTS.

E

PERAND FIELD ARE APPLIED
INPU S F THE ACTIVE CPE B
1ELD 1S INVERTED BY THE CPE K~BUS

NRA

22 23 24 25 26 27 28 29 30 31

THE NEXT ROM ADDRESS FIELD, ROM22-31, 1|
AS DESCRIBED WITH THE BRANCH CONTROL FIELD
WHEN A TILINE SLAVE TRAP OCCURS, THE NRA

USED TO SUPPLY BRANCH ADDRESSES
BIT 22 IS A SPARE,

BITS ARE REPLACED AS ‘FOLLOWS ;

NRA 23 24 25 26 27 28 29 30 31
TILINE
0 SLAVE 1 1 1 READ~ TILINE ADDRESS, 3 LSB
ACTIVE(1)

WHEN AN INTERRUPT TRAP OCCURS, THE NRA BITS ARE REPL.ACED AS FOLLOWS}

NRA 23 24 25 26 27 28 29 30 31
TILINE
V] SLAVE INTERRUPT o] o o o]
ACTIVE(0) ADDRESS

(B) 138252 (3/4)

KC = 00 OR 01

[ TILINE CONTROL FIELD I

BITS

FUNCTION N
32 33 COMMENT
o o NOP NO FUNCTION
1 SLVTRM TILINE SLAVE OPERATION TERMINATE , CAUS.

TH-INE SLAVE LOGIC TO ISSUE TILINE' TERMlNATE
(TLTM-) SIGNAL

1 o MSTRD TILINE MASTER READ, CAUSES TILINE MASTER
LOGIC TO GAIN ACCESS TO THE BUS AND READ ONE
WORD FROM COMPUTER MEMORY,

1 1 MSTWT TILINE MASTER WRITE, CAUSES TILINE MASTER

LOGIC TO GAIN BUS ACCESS
TO COMPUTER MEMORY

AND WRITE ONE WORD

Figure 2-9. Microinstruction Format (Sheet 3 of 4)

10L6-C9T9%6



02T

a swejsAs jeybiq

uolsiAl

(8)138252

[ GROUP SELECT AND SPECIAL FUNCTION FIELDS ]

KC - 00 OR 01
BIT SPECIAL FUNCTION 0 SPECIAL FUNCTION 1 SPECIAL FUNCTION 2 SPECIAL FUNCTION 3
36 37 38 39 (BITS 34, 35 = 00) (BITS 34, 35 = 01) (BITS 34, 35 = 1 0) (BITS 34, 35 = 11)
o 0 o0 o NoP RST TE5TMODE RST SPAREOUT1
o 0 o0 1 CLK STOP MASTER SET TESTMODE SET SPAREOQUT1
o0 1t o CLR DSK I/F ¥ SET TESTCLK RST RESTORE 8IT 36 = 1 ENABLES CRC
o 0 1 1 MSB ADDR LD RST TESTCLK SET RESTORE OUTPUT TO DISK.
o1 0 o STOP 1/F CONTROLLER¥ RST I/F WRT RST ERASE BIT 37 - 1 PRESETS THE CRC
o 1t o 1 MSB ADDR INCREMENT¥ SET 1I/F WRT SET ERASE CHARACTER GENERATOR TO ALL 1's,
o1 1 o CLR SECT/INDEX F/F's® RST DIRECT MODE RST WRITE GATE
o 1 1 1 NOP SET DIRECT MODE SET WRITE GATE BIT 38 = 1 LOADS A SPECIAL FLAG
BIT INTO THE FIFO TO DETECT
1 0 o o START I/F CONTROLLER¥|  RsT TILINE INT RST READ WHEN A STOP CONDITION IS PRESENT,
1 (8] 1 NOP SET TILINE INT SET READ
1 0 1 o TRIGGER TIMER RESET SET BUSY RST SPAREOUT2 BIT 39 IS A SPARE FLAG BIT
1 0 1 1 NOP RST BUSY SET SPAREOUT2
1 1 o o RST DIRECT READY % SET FAULT RST HEADSEL. |
1 1 0 1 NOP RST FAULT SET HEADSEL
1t 1 o CLR DISK CONTROL SET DIAG FAULT RST ADDSTB
Tt 11 NOP RST DIAG FAULT SET ADDSTB
ROM 36 — 39 ARE MULTIPLE PURPOSE CONTROL BITS. THEY ARE USED PRIMARILY FOR
CONTROLLING OUTPUTS TO THE DISK DRIVE,
BITS 34 AND 35 STEER THESE 4 OUTPUT BITS TO THE CCRTSCT GROUP OF CONTROL
GATES AND FLIP—-FLOPS,
COMMAND IS STROBED ON NEXT MICROPROCESSOR CLOCK (MPCK-) PULSE
(4/4)

Figure 2-9. Microinstruction Format (Sheet 4 of 4)
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2.4.13 Word Select Field — ROMO08, 09. The CPE array is subdivided into two eight-bit blocks, the
left byte and the right byte. The interconnection between the bytes and the carry and shift logic is
controlied by the word select field. This field also controls the CPE clock modes and the K-bus
configuration. The word select field can configure the array for left byte, right byte, full word, or
right-shift word operations.

2.4.1.4 K-Bus Control Field — ROM10-11. The K-bus control field selects the input to the mask bus
(K-bus) inputs of the CPE array. That input may be a hardwired all zeros or all ones code, or it may
be an eight-bit immediate operand (IM-) from ROM32-39. If the immediate operand is not selected,
ROM32-39 may be used for the special function subfields described in subsequent paragraphs.

2.4.1.5 Carry In Field — ROM12. This field controls the least significant carry-in bit of the active
CPE array, as determined by the word select field. It also selects zero-fill or one-fill into the most
significant active stage during right shifts.

2.4.1.6 Processor Bus Source Field — ROM13-15. The three-state processor bus (P-bus) is the main
data flow path in the microcontroller. The bus may be driven from any one of multiple sources.
ROM13-15 enables the three-state outputs of one source to drive the bus. There are three codes
which allow the bus to float during operations which do not require bus transfers. These codes were
used during development to allow an external RAM board to control the bus.

2.4.1.7 TILINE Slave Enable Field — ROM16. This bit is set to enable the TILINE slave logic to
execute a slave cycle, if requested by an external master such as the 990 processor. This slave cycle
either loads a.control word into a CPE register or reads a status word from a CPE register. The
controller microprogram sets the slave bit while it is idling. After accepting control words and
initiating the operation, slave cycles are disabled to prevent interference to the current operation.

2.4.1.8 Branch Control Field — ROM17-19. The branch control field of the currently executing
microinstruction specifies how the next microinstruction is to be selected. The next microinstruction
may be at the next sequential address, or at a branch address (specified in ROM22-31) that is selected
unconditionally or on the basis of a bit test in the CPE array. The next microinstruction may be at a
return address stored during some previous branch. Returns may be unconditional, or they may be
selected as the result of a bit test within the CPE array.

2.4.1.9 Processor Bus Destination Field — ROM 20, 21. The processor bus destination field enables
one of three registers to accept data from the processor bus. These registers are the disk unit select
register, the FIFO input stage and direct register, and the cylinder address register.

2.4.1.10 Next ROM Address Field — ROM22-31. The next ROM address field supplies the branch
address for conditional or unconditional branches specified in ROM17-19.

2.4.1.11 Immediate Operand Field — ROM32-39. The eight bits of the immediate operand field are
supplied to the mask (K) bus inputs of the active CPE byte. Each bit is inverted by the CPE K-bus.
To enter a mask of FFis, 00,¢ must appear in ROM32-39.

If the entire 16-bit CPE array is active, the immediate operand is loaded into the right (less
significant) byte and the sign (MSB) is extended to the left byte K-bus inputs.

Typical applications of the immediate operand field include supplying constant numerical values,
loading initial loop counts or shift counts, and masking status words to test specific bits.

If the K-bus control field commands all zeros or all ones into the CPE K-bus inputs, no immediate
operand value is needed. This frees bits 32-39 to serve as subfields of the microinstruction. These
fields are: TILINE operation control, special group select, and four special function fields, as
described below.
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2.4.1.12 TILINE Control Field — ROM32-33. This field controls the initiation of TILINE master
read or write cycles, and the termination of TILINE slave cycles.

2.4.1.13 Special Group Select Field — ROM34-35. This field selects one of the four special function
decoders that operate on the ROM36-39. In other words, the group select bits specify which special
function (1-4) occupies the last four bits of the microinstruction.

2.4.1.14 Special Function Fields (0-3) — ROM36-39. These fields control a variety of individual
signal lines and control flip-flops, primarily for interface control. Refer to the last sheet of the format
drawing for a detailed breakdown of these functions.

2.4.2 MICROPROGRAM ORGANIZATION. The disk controller microprogram is organized into
13 major routines and a large number of subroutines which may be accessed repeatedly or nested
within the course of executing a major routine.

Each routine or subroutine is assigned a three-letter mnemonic, as shown in table 2-1. Flowcharts for
these program segments are included in Appendix C, and a complete microcode listing is in
Appendix D. Both the listing and the detailed flowcharts use the mnemonic and a two-digit
instruction number to uniquely identify each microinstruction. Microinstruction addresses are also
supplied on the listing and the flowcharts.

Figure 2-10 is the principle flowchart, which shows the overall program organization and the
relationship between the major routines.

In the absence of any current operation, the controller microprogram continually executes the idle
(IDL) loop. The idle loop takes about 1.5 microseconds for each pass (5 microinstructions at 300
nanoseconds per clock cycle). The enable slave bit is set during the entire loop, so that a control word
may be loaded (or status word read) via a TILINE slave cycle. The idle/busy bit is checked on each
pass to determine if a controller operation has been commanded (W7, bit 0 = 0).

When the 990 computer addresses the disk controller with a write operation, and a slave operation
(ROM 16) is enabled, the controller jumps to a trap address and executes a slave write (SWR)
routine. There are eight different slave write routines, one for each control word address. When the
control word has been loaded into the CPE internal register, the slave write routine issues a slave
terminate command and returns to the idle loop. In the special case of a W6 control word, the slave
write routine performs logical unit selection before returning to the idle loop.

The 990 computer may also read any of the eight slave registers, causing the controller
microprogram to jump to one of the eight slave read (SRD) routines. When the controller has
enabled the data word into the TILINE, it issues a slave terminate signal.

As a typical example, assume that a slave write 7 routine has loaded a control word with the idle bit
reset. On the next pass through the idle routine, a mask and bit test instruction detects the state of the
idle bit, and causes a branch to the initialize routine.

The initialize routine (INI) sets the busy latch and resets the slave enable. Any subsequent attempt to
perform a slave write will be rejected, and a slave read will be answered by a simulated W7 word. The
INT routine proceeds to clear the interrupt latch and controller status in W7 (except the interrupt
enable bit). The microprogram then branches to the self-test routine, ZDT. The self-test is not shown
on the principle flowchart. Any mnemonic which starts with a capital Z, (ZDT, ZER, ZEH and so
on) identifies a self-test instruction.
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Table 2-1. Mnemonics for Microprogram Routines and Subroutines

Mnemonic

CCs
DST
DWS

Routine/Subroutine Name

Check CRC and Stop
Delay Start
Disk Write Start

Head/Cylinder Update
Increment AC and FIFO Available
IDLE

Initialize

Interrupt Traps

Long Test Check
Read Data

Read Unformatted .
Restore

Record Update
Search, Delay, Start
Seek Subroutine
Slave Read

Slave Write

Store Registers

Store Registers Write
Start Sector Search
Secondary Start Transfer
Start Transfer
Terminate Routine
Verify 1D Words
Write CRC and Stop
Write Format Track
Write Header

Write Data

Write Unformatted
Write Stop

Z Abort Check

Z Direct Register

Z Diagnostic Test

Z Error Routine

Z Register Fill

Z Read Header

Z Register Test

Z Status Update

Z Test Clock

2-23
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ABORT
INTERRUPTS
INT
4
TERMINATE
ROU TINE
TRM
TILINE SLAVE
READ ROUTINES
SRD
IDLE LOOP
oL
TILINE SLAVE
WRITE
ROUTINE
SWi
2
INITIALIZE
ROUTINE
INI
(SEEK) SKS )
y y y
STORE READ DATA UNFORMAT R
REGISTERS WRITE DATA m ESTORE
SRG RDD WRD EAL RST
a
L
d
-
o g
- 3
UNFOI ®
o RMAT
by WRITE i F“JA',‘MAT
"] WRU . FT
¥ e
i <
[a]
1
[
o
2
y 9
SUBROU TINE
“POOL."
(B) 138273

Figure 2-10. Microprogram Principal Flowchart
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Upon successful completion of the self-test, control returns to the INI routine, which performs those
operations that are common to aii the disk commands. When this common segmeni 1s {imshed, INI
decodes the command (W1, bits 5-7) and branches to the store registers, read data, write data, read
unformatted or restore routine. A SEEK command causes a branch to the terminate routine.

Each of the major command routines ends at the terminate routine, which performs common
housekeeping functions, then updates the disk controller status word, W7, before returning to the
idle loop.

2.5 CONTROLLER TIMING

Microprocessor clock, MPCK-, is one of two principle timing terms used in the DS10 disk con-
troller. Microprocessor clock and its derivatives are used for clocking, gating, enabling, and syn-
chronizing the controller functions which do not directly interface with the disk drive. MPCK482-,
for example, is the timing term which causes the microprogram address generator to fetch the next
40-bit microinstruction from control memory. Disk interface timing is described with the disk inter-

face logic.

2.5.1 MICROPROCESSOR CLOCK — GENERAL. The clock pulse, MPCK-, is an 80-
nanosecond active-low pulse. The results of CPE operations are stored in the CPE registers on the
leading (negative-going) edge. The TTL logic external to the CPEs is clocked on the trailing
(positive-going) edge of the pulse. The period between successive MPCK- pulses is determined by the
type of operation in progress.

The microprocessor clock logic has three operating modes: free-running, TILINE-triggered, and test.
The free-running clock consists of a constant-period waveform with a period of 300 nanoseconds.
The TILINE-triggered clock has a variable period which is determined by the completion of TILINE
operations. The test mode allows the clock to be held inactive by an external state board.

During normal operations, the controller clock changes from free-running to TILINE-triggered to
free-running with no hitches or cycle losses. If the controller operated solely on a free-running clock,
-there would be, on the average, one half of a clock period wasted for each TILINE transfer. The
TILINE-triggered clock avoids this time waste by restarting the clock immediately at the end of the
TILINE transfer. Also, holding off the clock during a TILINE cycle prevents waste of controller
states during the message operation.

The timing circuit is based on three RC delay timers, a latch and associated gating circuitry. The time
delays inherent in the TTL gates and those due to the three delay timers determine the pulse width
and period of the MPCK- waveform. The timing circuit is very similar to the main timing circuit on
the 990/10 AU2 board.

Figure 2-11 is the schematic of a typical delay timer circuit. With a low input signal, the SN7407
open-collector buffer holds the capacitor close to zero volts. When the input signal goes high, the
capacitor starts charging (through the resistor) toward +5 volts. When the capacitor voltage reaches
the positive-going threshold voltage of the SN74132 Schmitt-trigger NAND gate, the circuit output
goes low. The time between this negative transition at the output and the positive transition at the
input is the timer delay.

The timer output remains low until the input signal drops low. The output goes high as fast as the
SN74132 can switch. The capacitor is discharged through the open collector output circuit of the
SN7407. This discharge time, which is much faster than the charge time, determines the minimum
retrigger time for a reliable delay. Notice that the input pulse must be longer than the delay time to
get an output from the circuit.
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T 74132

INPUT

QUTPUT

< DELAY,A -»

(A) 135693

Figure 2-11. Delay Timer Circuit

2.5.2 DETAILED DEVELOPMENT OF MPCK-. This description of microprocessor timing
development is keyed to the simplified logic drawing, figure 2-12, and the timing diagram, figure
- 2-13. The description starts at a convenient point in the timing cycle and continues until the same
conditions are reached.

Assume that CLKT2- is high so that it will be possible to set the clock on latch, and that the clock
circuit is not inhibited by the CLKINH or SLTMA- signal. CLKT3- from delay 3 goes low to enable
CLKEN and CLKSTRT-. The CLKON output of the clock latch goes high and, since CLKT2- is
high, the clock latch sets.

The CLKON signal performs the following three functions:

e  Disables the CLKSTRT- signal via the CLKOFF inverter and the output gate of the delay
3 timer (delay 3 is not initiated yet). The pulse width of CLKSTRT- is approximately 55
nanoseconds, all due to gate delays.

e  Combines with CLKTI- to enable the MPCK-, MPCK, and MPCK482- timing pulses.
These pulses remain active until delay 1 expires.

e Initiates delay 1, which determines clock pulse width.

Delay 1 expires (CLKTI- goes low) 80 nanoseconds after the clock on latch sets. When delay 1
expires, the clock pulse has been produced and all the remaining operations are concerned with
setting the period of the clock waveform.

The inverted form of CLKTI- initiates the delay 2 timer, which clears the CLKON latch after
approximately 20 nanoseconds. An external test input to the delay 2 timer allows the clock to be held
for single stepping.
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CPE CONDI-

TIONAL CLOCK  ROMOQO
FROM MICRO- CLKSTP-
INSTRUCTION

(CLOCK STOP)
FROM
INTERRUPT TRAP
LOGIC
RTBYT- RTBYT— RTBYT
FROM WORD R B
SELECT (RIGHT BYTE ONLY) (RIGHT BYTE ONLY) CLKSTP—
DECODING LFRYT=- LEBYT- CPLCK~- CPE LEFT
(ROMOB,OQ)L — CLKON BYTE CLOCK
(LLEFT BYTE ONLY) (LEFT BYTE ONLY) |
CLKT1-
CLKON CLKON LFBYT—
_ CLKSTP—
CLKOFF DELAY 3 CLKT3~ CPRCK-— CPE RIGHT
CLKON BYTE CLOCK
<{\/ 125NSEC P [y -
RETRIGGER DELAY CLKT1
FROM MICRO-
INSTRUCTION CLKSTPMST-
SPECIAL ook
DECODERS TOP CLKON
ROM34-39= MASTER * MPCK- h
00001) CLKT1—
o
\ cLKINH CLKEN
— 0 / O CLKT1-
| SEEEE——— MPCK482~ MICROPROCESSOR
|  cixon > CLOCK
DAG — CLKSTRT-
;r‘ao‘osn_an'guNElc ACT L > CLKON DELAY 1 CLKT1—
LOGIC (\yASTER 8ONSEC ?—T MPCK
EVICE : : CLKON
ACTIVE) PULSE WIDTH CONTROL p
FROM TILINE SLTMA—
SLAVE LOGIC
(SLAVE TERMINATE ACCESS)
CLKT1 - DELAY 2 CLKT2-
[ 20NSEC o—
3
TRANSPARENT
D-LATCH
CLKT1 P/O PBUS
CONTROL
REGISTER
TO PROCESSOR
PBUSEN PBUSENL T
uS (PBUS)
TEST SOCKET CLKRUN D Q —> SOURCE CONTROL.
DECODER
ENABLE
FROM TILINE MDACT=~ -
MASTER LOGIC MDACT
(c) 137632 CLKT1- CLKT1-

Figure 2-12. Microprocessor Clock (MPCK-) Logic
Simplified
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Figure 2-13. Timing Diagram — Microprocessor Clock
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When the CLKON latch clears, delay 3 (125 nanoseconds) is initiated. The clock circuit cannot
retrigger until delay 3 expires to partially enable the CLKEN gate. Delay 3 guarantees that there is
adequate time for the capacitors in delays 1 and 2 to return to the initial (discharged) state.

At the expiration of delay 3, the circuit is back in the initial state. If the clock is not inhibited by
CLKINH or SLTMA-, the clock circuit retriggers when CLKT3- goes low (free-running mode).

If the clock is inhibited, the circuitry remains in the holding state until the inhibiting condition is
removed. This is the TILINE-triggered mode. The effect of a TILINE cycle on the clock waveform is
shown in figure 2-14.

2.5.2.1 TILINE-Triggered Mode. Microprocessor clock may be inhibited and then restarted during
either a slave or a master cycle. In either case, the inhibiting signal is controlled by a field in the 40-bit
microinstruction, and logic conditions in the TILINE interface.

A TILINE slave operation is initiated by the 990 CPU in an attempt to load a control word into a
CPE register (slave write) or read a word from a CPE register (slave read). The controller responds
to the slave read or write request if the ENSLV bit (ROM16) of the microinstruction is set and the
TILINE address compares to the slave address switch settings. The controller microprogram traps to
a slave read or slave write routine.

During a slave read, for example, the requested data is moved from the CPE register to the
accumulator and enabled out to the TILINE drivers. At this point, the microprogram issues a slave
terminate command (ROM 32, 33 = 00). The SLVTRM- output of the decoder stops the
microprocessor clock by forcing the slave terminate access (SLTMA-) signal low, and also sends a
TILINE terminate (TLTM-) signal to the 990 CPU. The controller state remains fixed, with the data
on the output lines, until the 990 CPU indicates that the transfer is complete by disabling the
TILINE go (TLGO-) signal. Microprocessor clock is restarted when the TLGO- forces SLTMA-
high again, and the microprogram begins executing again.

The operation is similar for a slave write, except that the TILINE data is loaded into the CPE
accumulator, transferred to the proper register, and then the slave terminate is issued.
Microprocessor clock stops until the 990 CPU acknowledges completion of the transfer by disabling
TLGO-.

Microinstruction bits 32 and 33 enable a master read or master write cycle. The MSB address register
is updated and the CPE devices place the lower 16 address bits on the TILINE address drivers. The
data path between the TILINE drivers/receivers and the FIFO is established. The microprocessor
clock is suspended by special field 00 = (ROM 36-39) = 0001, which enables CLKSTPMST-. The
clock remains inhibited until the word is transferred and MDACT- (master device active) goes high.

A 20-microsecond timer is initiated at the start of each TILINE master cycle. If the TILINE
operation hangs, the timer expires, clearing the TILINE logic and restarting the clock circuit.

2.5.2.2 Microprocessor Clock Output Gating Logic. Refer to the timing outputs at the right side of
the simplified timing logic diagram. CPLCK- and CPRCK- are the gated clock outputs to the CPE
left byte clock and CPE right byte clock, respectively. When enabled, the CPRCK- and CPLCK-
outputs coincide with microprocessor clock, MPCK-.

The 3002 CPE devices are connected to perform left byte, right byte, or full word operations, as
specified by the 40-bit microinstruction. The word select field of the microinstruction determines
whether the left byte clock, right byte clock, or both should be enabled. The word select field, ROM
8, 9 is decoded to produce the RTBYT- and LFTBYT- signals. The RTBYT- signal, when low,
disables the left byte clock, so that only the right byte CPEs are clocked. The LFTBYT- signal, when
low, disables the right byte clock.
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MPCK-

bowa

po=-d

k CLOCK DELAY I

(A) 137633 DUE TO TILINE CYCLE

Figure 2-14. Microprocessor Clock Delay Due to TILINE Cycle

The clock stop bit of the microinstruction (ROMO02) can disable the CPE clock pulse during a
microcycle. This is generally done as part of a conditional branching microinstruction, in which the
important result is the branch (or nonbranch), rather than the value calculated by the CPE. Refer to
the CPE detailed description for more information on nondestructive data testing and conditional

clocking.

The TRAP signal into the NOR gate disables the CPE clock pulse while the address generator
retrieves the new microinstruction at the trap address.

2.5.2.3 Processor Bus Enable Timing. The processor bus enable-latched (PBUSENL) output of the
timing circuits is used to enable the processor bus source decoder. The time delay between the rising
(trailing) edge of microprocessor clock, MPCK-, and the rising edge of PBUSENL is a critical timing
parameter. The rising edge of MPCK- clocks the microprogram address generators, and the
microinstruction outputs become unstable until after the settling time of the address generators and
the microinstruction ROM. PBUSENL remains low, disabling the PBUS source decoder during this
period, and keeping noise off of the processor bus. A 100-nanosecond setting time is allotted, and
then PBUSENL goes high, enabling the PBUS source decoder. Approximately 120-nanoseconds
remain before the leading edge of the next MPCK- pulse. This is adequate set-up time for all devices
which accept data from the processor bus.

The bottom three lines of the timing diagram show the development of PBUSENL, which is es-
sentially a delayed version of CLKT1. The PBUS control register is a ‘‘transparent’” D-latch. As
long as MDACT- remains high (no TILINE master operation in progress), PBUSENL follows
PBUSEN or (CLKT1-, fine line) with only a gate delay. A TILINE master operation latches the

PBUSENL output.

2.5.2.4 Controller Timing Adjustments. The waveforms shown in part B of the timing diagram
illustrate the critical timing parameters. The RC component values in delays 1, 2, and 3 may be
changed to meet the parameters. The adjustments (in order) are:

1. Pulse width of MPCK-, controlled by delay I.

2. Delay from MPCK- rising edge to PBUSENL rising edge, adjusted by delay 2. The
capacitor in this delay is omitted at manufacture. It may be installed if the gate delays
alone are insufficient.

3. Period of MPCK-, adjusted by delay 3.

2.6 TILINE BUS

The powerful TILINE high-speed data bus architecture is used to incorporate the disk controller
directly into the addressable memory space of the 990 system. The TILINE is an asynchronous, high-
speed, 16-bit data transfer bus, with the associated control lines which transfer data between high-
speed system elements. These elements include the CPU, the memory, the disk files, and the magnetic

tape transports.

Data is transferred along the TILINE data bus as 16-bit parallel words, accompanied by 20-bit word
addresses. The TILINE is capable of transferring approximately 50-million bits per second.
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2.6.1 MASTER-SLAVE CONCEPT. There are two classes of devices that connect to the TILINE:
TILINE master devices that initiate data transfers, and TILINE slave devices that generate or accept
data in response to some master device. Data transfers in either direction always occur between one
master and one slave. The central processor is an example of a master device, and a memory module
is an example of a slave device.

A master device initiates data transfers on the bus, which may consist of reading data words from a
slave device or writing data words to a slave. Master devices must compete with each other for access
to the TILINE. A positional priority scheme is used to resolve conflicts between masters. A sche-
duling scheme allows a master to reserve the next TILINE access during the current operation. This
overlapping reduces the overhead time to transfer bus control between masters. When a master gets
access to the bus, it must place a 20-bit address on the TILINE and exchange ‘‘hand-shaking’’ con-
trol signals for each data word transferred to or from a slave device.

Each slave device recognizes a specific range of addresses, and is activated only when the 20-bit
TILINE address falls within that range. Pencil switches on the logic board of the slave device set the
starting address, called the TILINE base address. The slave device accepts TILINE addresses that
range from the TILINE base address to an upper limit determined by the nature of the slave. For
example, an 8K memory module would respond to addresses from the TILINE base address to base
address +1FFF.

The DS10 disk controller is both a master and a siave device. It acts as a siave when the computer
reads or writes control words WO0-W7. These control words provide disk and previous command
status, specify the parameters of a disk operation and initiate the operation. Control words W0-W7
are assigned eight consecutive TILINE addresses, from the switch-selected TILINE base address to
TILINE base address + 7. The controller acts as a master when it performs the disk-to-memory or
memory-to-disk data transfers specified by the control words. Once the controller operation has
been initiated, it operates independently of the 990 processor, and competes with other masters for
bus access each time it has to transfer a data word to or from memory.

2.6.2 TILINE PERIPHERAL CONTROL SPACE (TPCS). The TILINE peripheral control space
is a range of TILINE slave addresses reserved for assignment to peripheral device controllers, such as

the disk controller. The range includes 512 word addresses, extending from FFC00,s to FFDFF;s.

Each peripheral controller is assigned a block of up to 16 addresses in the TPCS. These addresses are
used for the control and status words which are used to set up and monitor the peripheral controller

operations. The disk controller only requires eight slave addresses for control and status words WO0-
w7.

The 990 processor contains a hardware mapping function which maps 16-bit CPU byte addresses
F800,s through FBFF,, into the TILINE peripheral control space. This hardware mapping is per-
formed if CPU status register bit 8 is 0, indicating that map file 0 is in use.

2.6.3 TILINE INTERFACE SIGNALS. Figure 2-15 shows the TILINE interface signals in the 990
computer chassis, and table 2-2 defines each of the TILINE signals.

2.6.4 TILINE BUS TIMING — WRITE CYCLE. Figure 2-16 is a timing diagram for a TILINE
write cycle. It applies to any TILINE master and slave devices. It does not include the operations
necessary for the master to achieve access to the bus.
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Figure 2-15. TILINE Interface Signals
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Table 2-2. TILINE Signal Definitions

Signature Pin No. Definition
TLGO- P1-25 TILINE Go: Initiates all data transfers when transition from high (3.0V)
to low (1.0V) occurs. See note 1.
TLREAD P1-11 TILINE Read: When high (3.0V) designates a read from SLAVE
operation; when low (1.0V) designates a write to SLAVE operation..
See note 1.
TLADROO- P2-55 TILINE Address to define the location of data during a fetch or store
01— P244 operation. When high (>2.0V) the corresponding address bit is a zero;
02— P2-51 when low (<0.8V) the corresponding address bit is a one. See note 2.
03— P2-53 :
04— P2-57
05— P2-59
06— P247
07— P2-49
08— P2-17
09— P2-19
10— P2-10
11~ P2-12
12— P2-11
13— P2-15
14— P2-8
15— P29
16— P2-29
17— P2-27
18— P2-25
TLADRI19— P2-31
TLDATOQ0- P2-67 TILINE Data: Bidirectional data lines that when high (>2.0V) represent
01— P2-69 zero data bits, and when low (<0.8V) represent one data bit. See note 2.
02— P2.35
03— P2-37
04— P2-61
05— P2-63
06— P243
07— P245
08— P2-21
09— P2-33
10— P2-23
11— P2-20
12— P1-27
13— P1-28
14— P1-30
TLDAT15— P1-31
TLTM- P1-20 TILINE Terminate: When low {1.0V) indicates that the SLAVE device

has completed the requested operation. See note 1.

Note 1: Received by SN75138; driven by 36 milliampere, minimum, open-collector driver.
Note 2: Received by one, maximum, standard SN74- load per card slot; driven by SN74LS367/8.

2-34 Digital Systems Division



946262-9701

Table 2-2. TILINE Signal Definitions (Continued)

Signature Pin No. Definition
TLMER-— P1-55 TILINE Memory Error: When low (<0.8V) indicates that a nonre-
coverable error has occurred during a memory read operation.
See note 2.
TLAG (in) P26 TILINE Access Granted: When high (>>2.0V), this signal indicates that

no higher priority device has requested use of the TILINE. When low
(<0.8V), this signal prevents the receiving device from gaining access to
the TILINE bus.

TLAG (out) P2-5 TILINE Access Granted: When high (>2.0V), this signal indicates that
neither the sending device nor any higher priority device is requesting
use of the TILINE. When low (<0.8V), this signal indicates that either
the sending device or some higher priority device is requesting use of
the TILINE bus and prevents all lower priority devices from gaining
access to the bus.

TLAK—- P1-71 TILINE Acknowledge: When high (3.0V), this signal indicates that no
TILINE device has been recognized as the next device to use the
TILINE. When low {1.0V), this signal indicates that some TILINE
device has requested access, has been recognized, and is waiting for
the bus to become available. See note 1.

TLAV P1-58 TILINE Available: When high (3.0V), this signal indicates that no
TILINE device is using the bus. When low (1.0V), this signal indicates
that the TILINE bus is busy. See note 1.

TLWAIT- P1-63 TILINE Wait: A normally high (3.0V) signal that when low (1.0V),
temporarily suspends all TILINE MASTER devices from using the
TILINE bus. This signal is generated by bus couplers to allow them
to use the bus as the highest priority user. See note 1.

TLIORES— Pi-14 TILINE 1/0 Reset. A normally high (22.0V) signal that when low
P2-14 (<0.8V), halts and resets all TILINE I/0 devices. This signal is a
100 to 500 nanosecond pulse generated by the RESET switch on the
control console or by the execution of a Reset (RSET) instruction in
the AU. Driven by SN7437; Received by 2 (maximum) standard
SN74- loads per slot.

TLPRES— P1-13 TILINE Power Reset: A normally high (22.0V) signal that goes low
P2-13 (<0.8V) to reset all TILINE devices and inhibit critical lines to ex-
ternal equipment. The signal is generated by the power supply at
least 10 microseconds before dc voltages begin to fail during power-
down, and until dc voltages are stable during power-up. Driven by
80-milliampere open-collector driver (160 milliamperes with
40-ampere power supply).
TLPFWP— P1-16 TILINE Power Failure Warning Pulse: A 7.0 millisecond pulse preceding
P2-16 TLPRES—. When low (<0.8V), this signal indicates that a power-down
sequence is in progress, allowing the AU to perform its power failure
interrupt subroutine. Driven by SN7437; received by two, maximum,
standard SN74- loads per card slot.

Note 1: Received by SN75138; driven by 36 milliampere, minimum, open-collector driver.
Note 2: Received by one, maximum, standard SN74- load per card slot; driven by SN741.S367/8.
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Table 2-2. TILINE Signal Definitions (Continued)

Signature Pin No. Definition

TLHOLD—- P2-26 TILINE Hold Signal: A normally high (3.0V) signal that goes low
(1.0V) to assert that a central processor is executing an ABS instruction.
TILINE Hold prevents interference from another processor on the
TILINE while the first processor is performing the ABS instruction.
This signal is used and propagated by TILINE COUPLERS in multi-
processor systems. See note 1.

Note 1: Received by SN75138; driven by 36 milliampere, minimum, open-collector driver.
Note 2: Received by one, maximum, standard SN74- load per card slot; driven by SN74LS367/8.
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Figure 2-16. TILINE Master to Slave Write Cycle Diagram
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All the slave devices on the TILINE receive TLGO- transmitted by the master. The slave devices
must decode the address to determine which slave is being addressed. The slave generates a delayed
go signal (using a timer circuit) and uses that signal to strobe for a valid address decode. It is the
responsibility of the slave device to delay go for a time sufficient to accommodate the worst case
address decode time and the 20-nanosecond worst case TILINE skew.

When the slave device has delayed go and decoded the address as valid, it performs the write cycle
and then asserts TLTM-. At the time the slave device asserts TLTM-, it must be finished with the
TLDAT-, TLADR, and TLREAD signals from the TILINE. The action just described occurs during
time one. This time is defined as the slave access time and shouid be less than 1.5 microseconds for all
TILINE slaves except the TILINE coupler. When the TILINE master receives the asserted TLTM-,
it must release TLGO-, TLREAD, TLADR-, and TLDAT- within 120-nanoseconds. This occurs
during time two. At this time, the master device may relinquish the TILINE to another master
device. When the slave receives the release of TLGO-, it must release TLTM- within 120-
nanoseconds as shown in time three. When the master device receives the release of TLTM-, it may
begin a new cycle if it has not relinquished the TILINE to another master device. This is shown as
time four. Most TILINE masters, including the disk controller, only perform one read or write cycle
per bus access.

2.6.5 TILINE BUS TIMING — READ CYCLE. Figure 2-17 is a timing diagram for a TILINE read
cycle. It applies to any TILINE master and slave devices and does not include the operations
necessary for the master to get access to the bus.

The master asserts TLGO- and at the same time generates a valid address (TLADR-) and TLREAD
signal. All slave devices on the TILINE receive the TLGO- transmitted by the master. The slave
devices delay the go signal and decode the address as is done for a write cycle. As in the write cycle, it
is the responsibility of the slave device to delay go for a time sufficient to accommodate the worst
case TILINE skew (defined as 20-nanoseconds maximum) and worst case address decode time.
When this has been done and the address is decoded as valid, the slave device begins to generate read
data. In the case of a memory module, this means starting a read cycle. When read data is valid, the
slave device asserts TLTM- and at this time must have finished using TILINE signals TLADR- and
TLREAD. If a read error is detected during a read cycle, the READ ERROR (TLMER-) signal is
asserted by the slave. This signal must have the same timing as read data. This action occurs during
time one.

2.6.6 TILINE MASTER OPERATION OF DS10 CONTROLLER. The DS10 disk controller acts
as a TILINE master when transferring data from 990 main memory to disk, or from disk to 990
memory. The controller performs a single TILINE master cycle for each word transferred on the bus.
The master cycle consists of the actions necessary to acquire access to the bus, transfer the data word,
and release bus control. The TILINE master cycle is controlled by the TILINE master access logic
(logic drawing 937502, PWB, or 2262102, fine line) and by designated fields in the controller
microinstructions.

A TILINE master read or master write cycle does not represent a trap condition, unlike a slave read
or write, because the master cycles are initiated by the controller as the result of a need to transfer a
data word. The code segments that control TILINE master cycles are incorporated directly into the
major microcode routines, such as Read (RDD), Read Unformatted (RDU), Store Registers (SRG),
Write Data (WRD), Write Unformatted (WRU), and Write Format (WFT).

Each of the major command routines is initiated by a series of control words, W0-W7, from the 990
processor. These control words supply the command code and parameters for executing that
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command. These control words are stored in the 3002 CPE scratchpad registers by a series of
TILINE slave write operations. One of the parameters supplied in the control words is the starting
TILINE memory address of any data transtfers from the controlier to 990 memory or memory to
controller. The least significant 15 bits of the TILINE address are stored in CPE register R6, and the
most significant 5 bits are stored in RS.

If the controller were commanded to perform a Read Data operation with a word count of 50, it
would have to read 50 words from the disk and achieve access to the TILINE 50 times, once for each
data word. The control words contain only the starting address of the 50-word buffer, so part of the
microprogram must be concerned with the “housekeeping” details of maintaining the correct
TILINE address as the buffer operation proceeds. Prior to the first TILINE master cycle, the CPEs
must load the four most significant bits of the TILINE address into an external (to the CPEs) MSB
address register. If the TILINE address crosses a 64K word boundary, the MSB address register
must be incremented. The MSB address register is controlled by four bits in special function group 0

of the microinstruction, as follows:

ROM 36 37 38 39 OPERATION
0 0 1 1 MSB Address Load
0 1 0 1 Increment MSB Address Register

2.6.6.1 Master Device TILINE Acquisition. Access to the TILINE is competitive between the
TILINE masters on the bus; there is no centralized bus control logic. Conflicts between competing
masters are settled by a positional priority system and a bus reservation scheme. The master device in
the highest-numbered chassis slot has the highest priority. Priority ranking decreases with each
chassis slot toward the 990 central processor, which has the lowest priority. The TLAG signal that
runs through each TILINE master, establishes the priority, as shown in figure 2-18.

TLAGIN (from a higher priority master) enters each master on P2, pin 6, and TLAGOUT leaves the
master on P2, pin 5. Logic on the master allows it to block the output to lower priority masters.
Jumpers on the 990 backplane are installed to insure line continuity across slots not occupied by
TILINE masters.

The master access logic of any TILINE master is based on a standard four-state access sequence.
These states are: Idle, Device Access Request, Device Acknowledge, and Device Access, as shown in
the master access flowchart, figure 2-19.

If the TILINE master does not have any data to transfer, the master access logic remains in the Idle
state, and TLAG is passed on to lower priority masters. Do not confuse the Idle state of the master
access logic with the idle mode of the DS10 controller. The idle mode of the controller refers to the
controller operating on the idle loop of the microprogram ready to accept control words. The Idle
state of the master access logic is the rest state of the access logic when it is not attempting to gain bus
access and transfer a data word.

When the master requires access to the bus, it goes into the Device Access Request state and blocks.
TLAG to the lower priority masters. While in the Device Access Request state, the controller
monitors TLAGIN. If TLAGIN is high, the controller can monitor TLAK- after a 200-nanosecond
delay. A high TLAK- signal indicates that no other controller is in the Device Acknowledge state,
and allows this controller to go into the Device Acknowledge state. The Device Acknowledge state is
essentially a confirmed reservation for the next available bus access. The overlap of the current
operation with reservations for the next operation reduces bus dead time and increases throughput.

In the Device Acknowledge state, the master access logic pulls TILINE acknowledge low to prevent
any other controller going into the Device Acknowledge state. It continues to disable TLAGOUT,
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and monitors TILINE available. When TLAV goes high, the access logic advances to the Device
Access state and initiates the read or write cycle. TLAGOUT is enabled so the next controller can
prepare for access. At the end of the read or write cycle, the access logic clears the Device Access
state, sending TILINE available to the other controllers, and returns to the Idle state.

2.6.6.2 Detailed Operation of TILINE Master Access Logic. Figure 2-20 shows the TILINE master
access logic, and the flowchart of figure 2-19 shows the simplified sequence of operations.

TILINE master access operations are initiated by the TILINE control field of the microinstruction,
bits 32 and 33, when the special field decoders are enabled by the K-bus control field, bits 10 and 11.
The TILINE control field bits are decoded as follows:

ROM 32 33 Operation
| 0 TILINE Master Read
1 l TILINE Master Write

Refer to the input of the master device go F/F at the left edge of the figure and assume that the new
microinstruction specifies a TILINE master read or write. The resulting MSTSTB signal sets the
master device go (MDGO) F/F that immediately sets the master device active (MDACT) F/F.

The microprogram disables the microprocessor ciock (MPCK-) via the clock stop master special
field combined with MDACT. Microprogram control of the clock allows the controller to suspend
operations until the TILINE master cycle is completed. Clearing MDACT restarts the clock and
allows program operations to continue.

The accessor signal active F/F initiates a 10-microsecond (approximate) TILINE timer. The
10-microsecond delay timer prevents a TILINE data transfer failure from hanging up TILINE and
DS10 controller operations indefinitely. The timer is reset if a TILINE wait has been asserted by a
TILINE bus coupler. The master device active F/F outputs also latch up the P-bus control register,
and prepare the FIFO or direct register to accept or supply the data word.

The set output of the master device go F/F (MDGO) combines with the high MDAC- signal to
disable the TILINE access granted output to lower priority TILINE masters.

If a higher priority master is holding TLAGIN low, there is a wait until that master lets TLAGIN
return high. The high TLAGIN signal and the inactive (high) MDAK- signal enable MDAREN-.
MDAR goes high, indicating that the access logic is in the device access request state. MDAR
initiates a 200-nanosecond (approximate) delay, which determines the minimum time to advance to
the next state.

If no other TILINE master is in the device acknowledge state, the low TILINE acknowledge (TLAK)
signal and the delay output, MDAROK- combine to set the device acknowledge F/F. This advances
the master access logic to the device acknowledge state.

The MDAK- signal disables MDAR, but MDAR- remains low, and continues to disable
TLAGOUT to lower priority masters. The MDAK output to the TLAK- line driver prevents any
other controller entering the device acknowledge state. At this time, the master access logic has an
acknowledged reservation for the next available access. If another controller is in the device access
state transferring data, there is a wait until the TILINE is available. When the TILINE becomes
available, the TLAV- and MDAK- signals set the device access F/F, and the logic advances to the
device access state.
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Figure 2-20. TILINE Master Access Logic
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The MDAKCLR- signal clears the device acknowledge F/F, and the MDAC- signal reenables the
TILINE access granted output so that lower priority masters may reserve the next bus access. The
MDAC signal to the TILINE available line driver prevents any other master from entering the device
access state.

The GO gate is a dual NAND latch which must be set to enable the GO output to the TLGO- line
driver and other parts of the master access logic. An active TLGO- or TILINE terminate from
another TILINE device will inhibit the setting of the latch, and prevent the DS10 controller from
issuing a TLGO- to initiate the data transfer cycle.

Assume that the GO inhibit, GOINH, is low before MDAC sets. Both latch outputs are high. When
MDAC sets, all three inputs to the GO- NAND gate are high, enabling the GO- output and setting
the latch. Subsequent pulses on the GOINH line have no effect.

In the absence of a wait condition, MDAC- enables the ACCESSOK and ACCESSOK- gates. The
ACCESSOK- signal serves as a strobe to enable the TLREAD and TLGO- line drivers. The
TLREAD line driver is controlled by a latched version of microinstruction bit 33, ROM33L. This
bit, which was latched in the PBUS control register by MDACT-, is zero for a master read and one
for a master write operation. The TLGO- line driver is controlled by the GO output of the GO gate.
The TLGO- driver tells all TILINE slave devices to decode the TILINE address. The addressed slave,
after a protective slave go delay, will accept the data or supply the requested data, and issue the
TILINE terminate (TLTML-) signal.

The ACCESSOK- signal also serves as a strobe to enable the 20-bit TILINE address outputs. The
least significant 16 bits, TLADRO04- through TLADRI19-, are supplied by the memory address
register outputs of the 3002 CPE array. The most significant four bits of the address, TLADRO00-
through TLADRO3-, are supplied by a separate MSB address register/ counter. The contents of the
MSB address register are loaded (or incremented) by a previous microinstruction.

For a TILINE master write operation, TLDATEN gates the processor bus outputs, PBUS00-
through PBUS15-, onto the data lines, TLDATAGO- through TLDATA15-. TLDATEN is enabled
by ACCESSOK- and ROM33L, until TILINE terminate (TLTM) occurs. ROM33L is a latched
version of microinstruction bit 33.

The bus source is determined by latched versions of the microinstruction source control field,
ROMI3L-15L, as follows:

ROM 13L 14L 15L Operation
0 o0 1 CPE data outputs to PBUS
0 1 1 TILINE input to PBUS (master read or slave write)
I 0 0 Disk data (from FIFO) to PBUS

The source selection was established by the same microinstruction which initiated the TILINE
access.

For a TILINE master read operation, TLDATEN is not activated and instead, PBTLDAT- signal
gates the TILINE line receiver outputs onto the processor bus.

The ACCESSOK and MDTMEN signals allow the logic to monitor the TILINE terminate signal
and issue a master device terminate (MDTM) signal when it occurs. Notice that MDTMEN is
supplied by a CPU ID multiplexer. The multiplexer is required because of minor timing differences
between the 990/9 and 990/10 TILINE.
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For a master read operation (ROM33L- = 1, GO =1), the master device terminate signal allows the
TILINE error latch to monitor for a memory parity error signal (TLMER-) from the 990 memory. A
parity error sets the TILINE error latch, which sends TLERRL- to the interrupt logic. When the
CPU clock restarts, the controller microprogram will jump to the appropriate interrupt trap routine.

The MDTM signal is inverted to enable the master device complete (MDCMP-) signal. There are
two important items to note at this point. First, the configuration of the MDTO- and MDCMP-
gates is not a latch, despite the resemblance in configurations. A latch requires two inverting (NOR
or NAND) gates. The MDCMP gate is an AND gate, and the gate pair cannot latch up. The second
important item is that many of the functions controlled by MDTM are not activated until the trailing
edge.

When MDTM initially goes high, MDCMP- goes low and performs two functions. A low MDCMP-
signal forces the master device timeout (MDTO-) signal high, so that the master device timeout latch
cannot set. Also, MDCMP- unconditionally clears the master device go F/F.

Clearing the MDGO F/F resets the GO gate, disabling the TILINE Go output to the slave (TILINE
memory). The remaining operations are concerned with clearing the Device Access state and
returning to the Idle state.

At this point, it is necessary to consider the timing differences between a 990/9 TILINE and a 990/ 10
TILINE. A chassis pin connection identifies the chassis type and steers the CPU ID multiplexer to
select the appropriate terms.

First, in the 990/10 operation, from the time that MDGO resets and GO becomes inactive (low), the
following things occur. The master device terminate enable (MDTMEN) equals GO, and MDTM
drops immediately when the GO gate resets. This trailing edge of MDTM forces MDCMP- inactive
(high), clocking both the master device active (MDACT) and device access (MDAC) flip-flops. Both
flip-flops have hardwired logic zeros on the D inputs, and reset when clocked. With the TILINE
master not active (MDACT = 0), the microprocessor clock cycle restarts and the microprogram
starts executing on the next MPCK- pulse.

Clearing the Device Access state disables the ACCESSOK, ACCESSOK- and TLDATEN signals.

In the 990/9 operation, from the time that MDGO reset and GO went inactive (low) clearing of the
device access state must wait until the slave (TILINE memory) responds to the loss of TILINE GO
by dropping the TILINE terminate.

When TLTM goes low, MDTM also goes inactive (low). The low MDGO and MDTM signals
enable MDACRST (master device access reset) which clocks the device access F/ F. The clock pulse
resets the device access F/F, disabling ACCESSOK, ACCESSOK- and TLDATEN. These signals
disable data, address, and some control signal line drivers.

The trailing (falling) edge of MDTM forces MDCMP- high, clocking the master device active F/F.
With the TILINE master not active (MDACT = 0), the microprocessor clock cycle restarts, and the
microprogram starts executing on the next MPCK- pulse.

2.6.7 TILINE SLAVE OPERATION OF DS10 CONTROLLER. The DS10 disk controller acts as
a TILINE slave when the 990 processor loads a control word (W0-W7) into the CPE internal
registers or reads CPE register contents. Slave read and slave write operations are processed by trap
routines in the DS10 controller microprogram. The microprogram must be cycling in the idle loop,
with slave traps enabled, to process a slave read or write operation. In other words, the 990 processor
cannot communicate with the CPE internal registers while the controller is busy.
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2.4.7.1 TILINE Slave Read with Idle Controller. Figure 2-21 shows the logic dedicated to TILINE
slave operations. For this description, assume that the controller is idle and the 990 processor
requests the contents of slave word register R1 in the CPE array. The 990 processor, acting as a
TILINE master, requests the word by sending a 20-bit TILINE address, a TILINE read signal, and

the TILINE go strobe.

The TILINE slave address comparator checks 17 bits of the incoming address against the TILINE
base address of the controller board. This address, which is partially hardwired and partially switch-
selected, determines if the TILINE operation is addressed to the disk controller board. The three
least significant bits of the TILINE address, TLADR17- through TLADR!9- are not involved in the
comparison, as shown in figure 2-22. Table 2-3 shows the switch settings for selecting the TILINE
base address.

NOTE
The physical layout of the switches does not follow binary order.
Refer to the table for translation between switch settings and TILINE

base addresses.

Table 2-3. TILINE Slave Address Switch Settings and Address

TILINE CPU Switches
Address Address

(Hex) (Hex) 1 2 3 4
FFCO00 F800 Off Off Off Off
FFCO08 F810 Off Off Off On
FFCI10 F820 On Off Off Off
FFCI18 F830 On Off Off On
FFC20 F840 Off On Off Off
FFC28 F850 Off On Off On
FFC30 F860 On On Off Off
FFC38 F870 On On Off On
FFC40 F880 Off Off On Off
FFC48 F890 Off Off On On
FFC50 F8A0 On Off On Off
FFC58 F8BO On Off On On
FFC60 F8CO0 Off On On Off
FFC68 F8DO Off On On On
FFC70 F8E( On On On Off
FFC78 F8F0 On On On On

The TLGO strobe is delayed approximately 100 nanoseconds to assure that the address has
stabilized on the lines before the comparison. If the comparison is good (SLADOK = 1) at the end of
the slave go delay, the slave transfer F/F sets. The slave go delay also clocks the slave write F/F to
‘follow the TLREAD signal.
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Figure 2-21. TILINE Slave Logic
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ROM 16, the enable slave clock bit, serves as a lockout to prevent a slave trap operation when the
disk controller is not in the idle mode. The slave A F/F resets on the trailing edge of the first
microprocessor clock pulse, forcing the interrupt priority encoder outputs, INTA- and INTADO-2,
to all ones and enabling TRAP-. Slave B resets on the next clock pulse to limit TRAP- to a single
clock period.

The TRAP 51gnal to the branch decoder ROM causes the microcode address generator to store the
current address in the return stack and jump to the trap address selected by the next ROM address
(NRA) multiplexer.

The TRAP- signal steers the NRA multiplexer to select the trap address as follows:

Address Operation

0F0 Slave Read CPE Scratchpad Register 0
OF1 1
0F2 2
OF3 3
0F4 4
0F5 5
OF6 6
0F7 Slave Read CPE Scratchpad Register 7
OF8 Slave Write CPE Scratchpad Register 0
0F9 1
0FA | 2
OFB

OFC 4
0FD 5
OFE 6
OFF Slave Write CPE Scratchpad Register 7

The three least significant bits of the TILINE address in combination with the READ-and S.VACT
signals select the appropriate trap address.
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The slave read trap routine typically consists of two microinstructions. The first microinstruction
transfers the selected CPE register contents into the CPE accumulator (AC) register in preparation
for the transfer. The second microinstruction loads the AC contents onto the processor bus
(PBUSO0- through PBUS15-), and commands the TILINE slave operation terminate (ROM32, 33 =
01). This microinstruction also contains the return which directs the microprogram back to the idle
loop. Both microinstructions hold the enable slave bit set.

The TLDATEN- signal enables the TILINE data line drivers when the slave A F/F is set, but the
PBUS data is not meaningful at that time. The TILINE slave operation terminate in the last
microinstruction is decoded to produce the SLVTRM- signal.

The SLVTRM- and SLVA- signals combine to produce the active low slave terminate access signal,
SLTMA-. The slave terminate access signal stops the microprocessor clock and enables slave
terminate (SLTM) to the TLTM- line driver. If ECN 428311 is installed, CLKT3- delays TLTM-
approximately 115 nanoseconds after SLTMA-. TLTM- serves as a strobe to notify the TILINE
master that valid slave data is currently available on the TILINE data lines. The master accepts the
data and ends the TILINE cycle by releasing the TLGO- command.

When TLGO drops low, it clears the slave transfer F/F and presets the slave A F/F. The slave A
outputs disable the TILINE data line drivers and the TILINE terminate signal, and restart the
microprocessor clock.

The last microinstruction of the slave read operation continues active on the ROM 00 - 39 lines until
the first clock pulse (MPCK-) from the restarted clock loads the return address from the stack in the
microprogram address generators. This same MPCK- pulse clocks the slave B F/F, returning the
slave logic to the original state and enabling the interrupt priority encoder. The one-state delay
imposed by slave B assures that the microprogram executes at least one instruction in the idle loop
before jumping to any pending interrupt trap routine.

2.6.7.2 TILINE Slave Read with Controller Not Idle. Before issuing a set of command words to the
disk controller, the 990 computer must check the idle/ not idle status of the controller by reading and
testing W7, bit 0. If W7, bit 0 is a one, the controlier is not busy with some operation, and the
controller microprogram is cycling in the idle loop ready to accept commands. If W7, bit 0 is a zero,
the controller is busy (not idle), and cannot execute a slave trap operation.

The busy F/F and logic allow the disk controller to respond wtih a simulated W7 word if the
controller is busy. This simulated W7 word has a 0 at bit 0 to identify not idle status, and bits 1-15 are
meaningless. No slave read trap operations are performed, and the on-going controller operation is
not disrupted.

Assume that the controller has been commanded to perform some operation, so that the
microprogram branches from the idle loop to the initialize routine. The first microinstruction of this
routine (IN100, location 02E) disables the slave traps (ROM 16 = 0) and sets the busy F/ F. Special
field one of the microinstruction controls the busy F/F as follows:

Group Select Special Field 1
ROM 34 35 ROM 36 37 38 39
I 1 0 1 0 Set Busy F/F

1 1 0 1 1 Reset Busy F/F
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Assume that the 990 computer attempts to check the idle/not idle status with a TILINE read
operation addressed to CPE scratchpad register 7. The TLREAD- output of the TILINE line
receiver is 0 to identify a read operation, and the slave address compares (SLADOK = 1) to the

board address. At the expiration of the slave go delay, the slave transfer F/ F sets and the slave write
F/F resets

TSRS,

The enable slave bit (ROM 16) is zero, so the slave A and slave B F/Fs are not allowed to enter a trap
cycle. TLDATEN is held low, disabling the line drivers for TLDATAO1- through TLDATAI1S5-, and
disabling one of the two TLDATAQO- line drivers. The outputs of the slave transfer and busy flip-
flops combine to enable the active low slave terminate-busy (SLTMB-) gate. SLTMB- enables an
immediate TILINE terminate signal to the 990 computer. The SLTMB- signal combined with the
READ-signal enables the hardwired TLDATAOQO- driver. The line driver output of the driver
corresponds to a 0 in the bit 0 position of the simulated W7 word, indicating that the controller is
busy. The bit 0 line driver remains active until the 990 computer signals the end of the TILINE cycle
by releasing the TLGO. The low TLGO signal clears the slave transfer F/F, disabling the TILINE
terminate and data bit 0 line drivers.

Microprocessor clock is not stopped and microprogram execution is not affected by this cycle.

The three LSBs of the TILINE address are not decoded. This means that a read operation addressed
to any of the eight slave registers will be treated as though it were addressed to R7, if the controller is
busy. It is the responsibility of the device service routine programmer to assume that idle status is
checked before attempting to read RO-R7.

If the 990 computer attempts a write operation to the disk controller while it is busy, the SLTMB-
gate issues an immediate terminate signal and the controller does not accept the word. Again, it is the
responsibility of the device service routine programmer to check idle status before attempting to
transmit control words to the disk controller. The device service routines supplied wtih DX10 and
other DS10 disk-compatible operating systems perform this check in a manner transparent to the
user program.

2.6.7.3 Slave Write. The DSI0 disk control words are loaded into the CPE registers during a
sequence of eight slave write operations. Operation of the TILINE slave logic is similar to slave read
operations except for the state of the slave write F/F and the direction of TILINE data flow.

Assume that the DSI10 disk controller is in the idle mode and the 990 computer sends a control word
W1 over the TILINE. The slave address comparator compares the 17 most significant TILINE
addresses against the board address. The 100-nanosecond slave go delay assures that the address and
TILINE data word are stable before clocking the slave transfer and slave write flip-flops. The enable
slave bit (ROM 16) is set, enabling the slave A flip-flop to initiate the slave trap operation.

The trap address is determined by the three least significant bits of the TILINE address, the READ-
signal (READ = 1) and the slave active (SLVACT = 1) signal. Trap address assignments are
included with the slave read description.

A slave write trap routine contains a minimum of two microinstructions. The slave write traps for RO
and R6 are longer because they perform additional functions, but the operation of the TILINE slave
logic remains the same. The bus source field (ROM 13-15) of the first microinstruction gates the
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incoming TILINE data word onto the processor bus. The PBTLDAT- signal from the PBUS source
decoder enables the line receiver outputs onto the bus. The CPE function code (ROM 0l - 07)
commands the CPE array to read the PBUS contents into the accumulator. The enable slave bit
(ROM 16) remains set for both microinstructions.

The second microinstruction transfers the data word from the accumulator to the specified
scratchpad register, RO - R7. The TILINE operation field (ROM 32, 33) commands TILINE slave
operation terminate (SLVTRM-).

The SLVTRM- signal combines with the output of the slave A F/F to disable the microprocessor
clock (SLTMA-) and issue a TLTM- signal. If ECN 428311 is installed, TLTM- is delayed
approximately 115 nanoseconds by CLKT3-. The microprocessor clock remains in the holding state
until the 990 computer releases the TLGO, ending the TILINE cycle. The low TLGO signal clears the
slave transfer F/F and presets the slave A F/F, so microprocessor clock is restarted.

The next microprocessor clock pulse returns microprogram execution to the point in the idle loop
where the slave trap occurred. It also clocks the slave B F/F, which returns the slave logic to the
initial state and enables the interrupt logic.
2.7 3002 CENTRAL PROCESSING ELEMENTS (CPEs)
The disk controller uses an array of eight 3002 bit-slice central processing elements controlled by a
permanent on-board microprogram to execute the disk control commands. The CPE array is
organized as 8-bit left and right bytes. Each 3002 device is a 2-bit slice of a general-purpose
processor. The principle features of a 3002 CPE are:

° Eleven scratchpad registers (R0-R9 and T)

° A full-function accumulator register (AC)

e Independent memory address output register (MAR)

e  Two 3-state, fully buffered output buses (A, D)

e  Three independent input buses (M, I, K)

e  Full look-ahead and ripple carry

e Two’s complement arithmetic

e  Logical AND, OR, NOT, exclusive-NOR

e  Left shift or right shift

e  Bit testing and zero detection

e  Single clock input, which may be conditional for nondestructive bit and word testing.
2.7.1 3002 CPE BLOCK DIAGRAM. Refer to figure 2-23 which is a functional block diagram of a
single 3002 device. Note that the three input data buses (M, I, K) and the two output data buses (A,
D) use an active-low signal level to represent a data one. That is, a data one is represented by a
voltage level less than 0.8 volts, and a data zero is represented by a voltage greater than 2.8 volts.

The bubbles on the device outline identify the active low input and output lines. Table 2-4 lists the
CPE input and output signals.
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Figure 2-23. 3002 CPE Block Diagram
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The three input data buses (M, 1, K) are shown at the bottom of the figure. The M-bus is the main
data input of the CPE as used in the disk controller. The M-bus inputs are connected to the
processor bus (PBUS), which is the main data path through the controller. The I-bus is used tor
reading flags into the CPE array. The K-bus is also known as the mask bus, because the K-bus in-
puts are ANDed, bit-for-bit, with the ALU B-input operand. For some instructions, the
B-multiplexer output is set to all ones, so the K-bus data can be used as an immediate operand.

There are 11 general purpose scratchpad registers (R0-R9, T) in the CPE. Each of these registers may
be individually loaded with data from the ALU output and the contents of any of these registers may
be selected as an ALU input operand. Scratchpad registers RO through R7 are used as TILINE slave
registers. They are used to store control words WO - W7, respectively. from the 990 processor.

Two multiplexers select the operand inputs to the arithmetic/logic unit (ALU). The inputs to
multiplexer A are accumulator register (AC), the selected scratchpad register, and the M-bus inputs.
The inputs to multiplexer B are the accumulator register or the I-bus inputs. The outputs of
multiplexer B are ANDed bit-for-bit with the K-bus inputs, allowing the K-bus contents to be used
to mask the I-bus inputs or the accumulator contents. Multiplexer B outputs can be selected to all
ones, gating the K-bus inputs into the ALU.

Table 24, 3002 CPE Input and Output Functicns

CPE CPE Controller Type
Pins Bus Signal Name and Description Signals
1,2 Iy - 1; External bus input. The exter- Active low

nal bus input provides a sepa-
rate input port for external
input devices.

3,4 Ko - K, CPK(00 - 15)— Mask bus input. The mask bus Active low
input provides a separate input
port for the microprogram
memory, to allow mask or
constant entry.

5.6 X, Y CPX(0-7), Standard carry look-ahead Active high
CPY(0-7) cascade outputs.

7 cO Ripple carry output. The Active low

ripple carry output is only Three-state

disabled during shift right
operations. Not used.

8 RO CPSHIFT(N)— Shift right output. The Active low
shift right output is only Three-state
enabled during shift right
operations.

9 LI CPSHIFT(N)— Shift right input. Active low

10 CI CARRY(0-6)— Carry input. Active low
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Table 24. 3002 CPE Input and Output Functi

¢ (Cantinnad)
S \LORRRRRES

CPE CPE Controller Type
Pins Bus Signal Name and Description Signal
11 EA ACCESSOK— Memory address enable input. Active low

When in the low state, the
memory address enable input
enables the memory address out-
puts, TLADR(04-19)—.

12,13 Ag - A, TLADR(04-19)— Memory address bus output. Active low
The memory address bus out- Three-state
put is the buffered output
of the memory address

register (MAR).
14 GND Ground.
15-17 F¢ - Fy ROM(01-07) Microfunction bus input. Active high

The microfunction bus input_
controls ALU function and
register selection.

18 CLK CPRCK- or CPLCK— Clock input.
19,20 Do - Dy PBUS(00-15)— Data bus output. The data Active low
bus output is the buffered Three-state

output of the full function
accumulator register.

21,22 M, - M, PBUS(00-15)— Data bus input. The data Active low
bus input provides a sepa-
rate input port for data.

23  ED PBCPE— Data enable input. When Active low
low, the data enable input

enables the data output,
PBUS(00-15)—.

The arithmetic/logic unit (ALU) performs a variety of arithmetic and logic operations on the input
operands, including two’s complement addition, incrementing, shifting, logical AND, logical OR,
exclusive-NOR and logical complements. The ALU has provisions for a carry input (CI) from a less
significant stage, and both ripple (CO) and look-ahead (X, Y) carry outputs to more significant
stages. The ALU has a right-shift output (RO) and a left-bit input (LI) for right shift operations.

The ALU has two sets of output lines, one to the MAR, and one to the AC and the scratchpad
registers. The accumulator contents may be used as operand inputs for the next operation, or gated
out of the CPE via the three-state D-bus output drivers. The output drivers are gated by the enable
data (ED) input. In the disk controller, all the CPEs are simultaneously enabled by the PBCPE-
signal on the ED inputs.

The MAR outputs may be gated out of the CPE by the three-state A-bus output drivers. The drivers
are enabled by the enable address (EA) input. In the disk controller. the TILINE access OK
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(ACCESSOK-) signal enables the A-bus outputs, which supply 16 bits of the TILINE address for
master operations.

The microfunction decoder provides the register selection, ALU input multiplexer steering, and
ALU function control signals based on a seven-bit CPE function code, inputs F6-F0. The CPE
function code is supplied by seven bits (ROM 01 - 07) of the 40-bit microinstruction ROM. Note that
the numbering of the ROM bus function code runs counter to the F6-FO numbering on the device.

The clock input is used to load the results of an ALU operation into the selected registers. Clocking
occurs on the negative-going transition of the external clock. The CPEs in the left byte are clocked
by the CPE left byte clock (CPLCK-) and the right byte CPEs are clocked by CPE right byte clock
(CPRCK-). The CPRCK- and CPLCK- signals are in phase with microprocessor clock (MPCK-),
but are gated by the word select field and clock stop bit of the 40-bit microinstruction.

The ALU function control, register output selection and multiplexer steering are not clocked. It is
possible to command operations and test the results via the nonclocked carry or right shift output
without altering the contents of any CPE registers. The clock pulse which would store the results of
the operation is omitted under microprogram control. During nonarithmetic operations, the carry
circuits perform a wordwise inclusive-OR of the ALU output bits. This can be used to test the results
of an ALU operation or register contents for a nonzero value. If masking is also specified. individual
bits or bit groupings may be tested. Bit testing is described in detail with the CPE carry and shift
logic.

Figure 2-24 summarizes the CPE internal operating sequence in flowchart form.

2.7.2 CPE INSTRUCTION SET INTRODUCTION. During each microinstruction, a CPE
function code on the ROM bus, ROM (01-07), is applied to the function code (F-bus) inputs of the
3002 CPEs. These inputs on the F-bus are decoded within the 3002 CPEs by the microfunction
decoder. Within the CPEs, the operands are selected by the A and B multiplexers, the appropriate
scratchpad registers are addressed. and the specified operation is performed by the ALU. The result
of the ALU operation may be loaded into the AC, the MAR, or one of the scratchpad registers.

The conditional branching and return microinstructions use the results of CPE internal bit or
register tests to control the branch, as described with the CPE carry and shift logic. The clock input
to the CPE may be omitted (under control of ROM 00) during these conditional operations. This
allows the unclocked carry and shift outputs to be used for testing without altering the CPE register
contents.

'CPE operations for each of the microinstructions are documented in the flowchart descriptions of
the microprogram, Appendix C, and microinstruction listing, Appendix D.

2.7.3 FUNCTION CODE FORMATS. The most significant three bits of the function code, ROM
(01-03), specify one of seven F-groups, as shown in table 2-5. Each F-group determines a type of
operation. The other four bits, ROM (04-07), are used for register selection as shown in table 2-6.
The registers are divided into three groups, R-group I, R-group II, and R-group III. The register
group number modifies the function specified by the F-group. R-group I contains scratchpad
registers RO-R9, T, and AC (designated R, for convenience). R-groups II and III contain only the T
and AC registers. Reference to the table shows that there are three individual codes which select the
T register: C,s (R-group I), A,s (R-group II), or E;s (R-group III). The AC register may also be
selected by any of three codes: D,s (R-group I), Bis (R-group II), or F.s (R-group III). The CPE
function descriptions in the next paragraph are keyed to this F-group and R-group scheme.
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ACCEPT NEW CPE FUNCTION CODE
ON POSITIVE LEVEL OF
MICROPROCESSOR CLOCK .

DECODE CPE FUNCTION CODE

SELECT ALU INPUT OPERANDS
VIA MULTIPLEXERS A AND B

‘

PERFORM ALU OPERATION, CARRY
AND RIGHT SHIFT OUTPUTS ARE
VALID, IF NEGATIVE CLOCK
TRANSITION IS OMITTED, CARRY
OR RIGHT SHIFT OUTPUTS MAY BE
USED FOR NON—DESTRUCTIVE
TESTING

ON NEGATIVE CLOCK TRANSITION,
STORE ALU RESULT IN MAR,
AC OR SCRATCH PAD REGISTER.

DATA OUTPUTS ON A ,D BUSES
ARE VALID,
WAIT FOR CLOCK TO RETURN TO
HIGH LEVEL FOR NEXT
INSTRUCTION

(A)135705

Figure 2-24. CPE Internal Operating Sequence
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Table 2-5. Function Group (F-group) Format

F-Group ROM 01 ROM 02 ROM 03
(F6) (F5) (F4)
0 0 0 0
1 0 0 |
2 0 I 0
3 0 1 I
4 I 0 0
5 I 0 |
6 I I 0
7 I I 1

Table 2-6. Register Group (R-group) Format

R-Group Registers ROM 04 ROM 05 ROM 06 ROM 07 Hexadecimal
(F3) (F2) (F1) (FO0) Code

Ro
R,
R;
R
R
I R; R.
R¢
R;
R
R
T
AC
Il T
AC
[11 T
AC

e e T T e S e S o S e S oo J e S e T )
—_—e, O D e e O D e e e e OO OO
_— e —, D O O D e e OO - O O

= - R o e T = e S e B Y o B
MW > DN W e AW — O
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generalized form, with no assumptions about the data on the mask bus. If the K-bus contents are 00
or 11, the general Boolean expressions are considerably simplified. Each F-group/R-group
combination is briefly described below.

In step | of table 2-7 (F-group 0, R-group I), the contents of the AC are logically ANDed with the
data on the K-bus. The result of this ANDing is added to the contents of R, and also to the value of
the carry input (Cl). The sum is placed in R, and AC.

In step 2 (F-group 0, R-group II), the contents of AC are logically ANDed with the data on the
K-bus. The result is added to the data on the M-bus and also added to CI (carry input). The sum is
deposited in AC or T, as specified.

Step 3 (F-group 0, R-group Iil), if the K-bus contents are zero, shift AC or T-register one bit to the
right. The lower-order bit is shifted out on Ry, and the higher order bit is filled from LI. If the K-bus
contents are nonzero, the shift is a function of both the I-bus and K-bus contents.

In step 4 (F-group 1, R-group 1), the data on the K-bus is logically ORed with the contents of R,. The
result is placed in the MAR. Also, the contents of R, is added to the data on the K-bus and to carry
in (CI). The result is deposited in Ri.

In step 5 (F-group 1, R-group 11), the data on the K-bus is ORed with the data on the M-bus. The
result is deposited in the MAR. Also, the data on the M-bus is added to the data on the K-bus and to
CI. The sum is deposited in AC or T, as specified.

In step 6 (F-group 1, R-group III), the complement of the contents of AC or T, as specified, is ORed
with the data on the K-bus. The result is added to the logical AND of the specified AC or T-register
and the data on the K-bus. The sum is added to CI and the result is deposited in AC or T, as
specified.

In step 7 (_F-group 2, R-group 1), the contents of AC are ANDed with the data on the K-bus. The
value of | is subtracted from the result and the difference is added to CI. The sum is deposited in R..

In step 8 (F-group 2, R-group II), the data on the K-bus is ANDed with the contents of AC. The
value of one is subtracted from the result and the difference is added to CI. The sum is deposited in
AC or T, as specified.

In step 9 (F-group 2, R-group III), the data on the I-bus is ANDed with the data on the K-bus. One is
subtracted from the result and the difference is added to CI. The sum is deposited in AC or T, as
specified.

In step 10 (F-group 3, R-group 1), the contents of AC are ANDed with the data on the K-bus. The
result is added to the contents of R, and to Cl. The sum is deposited in R,.

In step 11 (F-group 3, R-group II), the contents of AC are ANDed with the data on the K-bus. The
result is added to the data on the M-bus and to CI. The sum is deposited in AC or T, as specified.

In step 12 (F-group 3, R-group I11), the data on the I-bus is logically ANDed with the data on the K-
bus. Add the result to AC or T as specified, and to CI. Deposit the sum in AC or T, as specified.

In step 13 (F-group 4, R-grpup 1), logically AND the data on the K-bus with the contents of AC.
Logically AND the resu}t with the contents of R,. Logically OR the value of CI with the word-wise
OR of the bits of the final result. Place the value of the carry OR on the carry output (CO) line.
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Step

1

10
11
12

13
14
15

16
17
18

19
20
21

22
23
24

Table 2-7. Summary of CPE Microfunctions

F-Croup R-Group Microfunctions
I R, +(ACAK)+CI->R,, AC
0 II _ M+ (ACAK)+CI—> AT
m AT, A(LAKL)~RO LIV [(Ig AKy)AATH] > ATy
[ATLA ILAKLIV [ATy v (g AKy)] > ATy
I KVR, >MAR R, +K+CI->R,
1 I KvM->MAR M+K+CI- AT
1] (ATVK) + (ATAK) +CI - AT
I (ACAK)-1+CI>R,
2 | (ACAK)-1+CI> AT (See Note(1)
I (IAK)-1+CI-> AT
I R, +(ACAK)+CI=>R,
3 I M+ (ACAK)+CI— AT
III AT +(IAK)+Cl > AT
i CIV(RyAACAK)>CO  RoA(ACAK)> R,
4 II CIV(MAACAK)—~>CO MA(ACAK) - AT
1 CIv (ATAIAK)—CO ATA(1AK)~> AT
I CIv(R,AK)~CO KAR, >R,
5 Il CIV(MAK)—~CO KAM— AT
it CIV(ATAK)—»CO KAAT— AT
I CIV(ACAK)~CO Rn V(ACAK) >R,
6 1 CIv(ACAK)-CO MV (ACAK)—> AT
41 CIv(IAK)—>CO AT V(IAK) ~> AT
I CIV(RyAACAK)»CO R,&(ACAK)—R,
7 1 CIV(MAACAK)>CO  MB3(ACAK)~ AT
1 CIV(ATAIAK)>CO  ATB(IAK)~> AT

NOT E:@Z’s complement arithmetic adds 111 . .. 11 to perform subtraction of 000 . . . 01.

LEGEND:

Symbol

LK,M
CI, LI
CO,RO
Rp

AC

AT
MAR

-+

oz} el >

Meaning

Data on the I, K, and M buses, respectively

Data on the carry input and left input, respectively
Data on the carry output and right output, respectively
Contents of register n including T and AC (R-Group 1)
Contents of the accumulator

Contents of AC or T, as specified

Contents of the memory address register

2’s complement addition

2’s complement subtraction

Logical AND

Logical OR

Exclusive-NOR

Deposit into

As a subscript, refers to the higher order bit of the 2 bits in a CPE device
As a subscript, refers to the lower order bit of the 2 bits in a CPE device
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In step 14 (F-group 4, R-group II), logically AND the data on the K-bus with the contents of AC.
Logically AND the result with the data on the M-bus. Deposit the final result in AC or T, as
specified. Logically OR the value of CI with the word-wise OR of the bits of the final result. Place the
value of the carry OR on the CO line.

In step 15 (F-group 4, R-group I11), logically AND the data on the I-bus and the data on the K-bus.
Logically AND the result with the contents of AC or T, as specified. Deposit the final result in the
specified register, AC or T. Logically OR CI with the word-wise OR of the bits of the final result.
Place the value of the carry OR on the CO line.

In step 16 (F-group 5, R-group 1), logically AND the data on the K-bus with the contents of R..
Deposit the result in R,. Logically OR CI with the word-wise OR of the result. Place the value of the
carry OR on the CO line.

In step 17 (F-group 5, R-group I1), logically AND the data on the K-bus with the data on the M-bus.
Deposit the result in AC or T, as specified. Logically OR CI with the word-wise OR of the result.
Place the value of the carry OR on the CO line.

In step 18 (F-group 5, R-group I11), logically AND the data on the K-bus with the contents of AC or
T, as specified. Deposit the result in the specified register, AC or T. Logically OR CI with the word-
wise OR of the result. Place the value of the carry OR on the CO line.

In step 19 (F-group 6, R-group I), logically OR CI with the word-wise OR of the logical AND of AC
and the data on the K-bus. Place the result of the carry OR on the CO line. Logically OR the
contents of R, with the logical AND of AC and the data on the K-bus. Deposit the result in R..

In step 20 (F-group 6, R-group II), logically OR CI with the word-wise OR of the logical AND of
AC and the data on the K-bus. Place the value of the carry OR on the CO line. Logically OR the data
on the M-bus with the logical AND of AC and the data on the K-bus. Deposit the final result in AC
or T, as specified. Deposit the final result in the specified register, AC or T.

In step 21 (F-group 6, R-group I11), logically OR CI with the word-wise OR of the logical AND of
the data on the I-bus and the data on the K-bus. Place the value of the carry OR on the CO line.
Logically AND the data on the I-bus with the data on the K-bus. Logically OR the result with the
contents of AC or T, as specified. Deposit the final result in the specified register, AC or T.

In step 22 (F-group 7, R-group I), logically OR CI with the word-wise OR of the logical AND of the
contents of R, and AC and the data on the K-bus. Place the value of the carry OR on CO. Logically
AND the data on the K-bus with the contents of AC. Exclusive-NOR the result with the contents of
R,. Deposit the final result in R,.

In step 23 (F-group 7, R-group I1), logically OR CI with the word-wise OR of the logical AND of the
contents of AC and the data on the K-bus and the M-bus. Place the value of the carry OR on CO.
Logically AND the data on the K-bus with the contents of AC. Exclusive-NOR the result with the
data on the M-bus. Deposit the final result in AC or T, as specified.

‘In step 24 (F-group 7, R-group III), logically OR CI with the word-wise OR of the logical AND of
the contents of the specified register (AC or T) and the data on the I-bus and the K-bus. Place the
value of the carry OR on CO. Logically AND the data on the K-bus with the data on the I-bus.
Exclusive-NOR the result with the contents of AC or T, as specified. Deposit the final result in the
specified register, AC or T.
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2.7.5 CPE ARRAY

The DSI10 disk controller uses an array of eight 3002 central processing elements to perform
masking, shifting, logic, and arithmetic operations on status. control, and data words. The CPE
array is organized into an eight-bit left byte and an eight-bit right byte, each comprised of four CPEs.

The CPE array may operate in left byte mode, right byte mode or full word mode, as determined by
the WS field (ROMO08, 09) of the current microinstruction. The WS field controls gating of the left
byte clock (CPLCK-), right byte clock (CPRCK-) and the routing of CPE carry and shift signals.

Typical full word operations include accepting a control word (W0 - W7) from the TILINE during a
slave write trap generation, supplying a status word to the TILINE during a slave read trap,
supplying a header word to the disk drive, and performing calculations with 16-bit control words and
housekeeping data in the CPE internal registers. Note that the main disk to 990 memory or 990
memory to disk data flow does not go through the CPE array. After the initial header set-up/check,
the main buffer operation takes place over the PBUS. The CPE array does, however, perform
housekeeping calculations and tests between successive TILINE master cycles. Recall from the
description of the TILINE master access logic that a separate TILINE master cycle is required for
each word transfer.

Typical left-byte operations include masking and testing the flag bits connected to the I-bus inputs of
the left-byte CPEs, performing calculations and tests on control word fields which lie in the left byte
(0-7) of the CPE internal registers, and loading data into the unit select register.

Typical right-byte operations include masking and testing the flag bits connected to the I-bus inputs
of the right byte CPEs, performing calculations and tests on control word fields stored in the right
byte (8-15) of the CPE internal registers, and loading the most significant TILINE bits into the
TILINE MSB address register.

This list of typical operations is not intended to be exhaustive, but to illustrate that in many cases it is
possible to conserve CPE internal register space by performing byte rather than full word operations.
The flowcharts of Appendix C are clearly annotated to identify left byte, right byte, and full word
operations.

Refer to figure 2-25, the simplified diagram of the CPE array inputs and outputs. The diagram shows
the relationship between the microprogram ROM, the CPE array, the CPE carry and shift logic, and
the CPE input and output buses.

All the CPE devices receive the same function code on bits 1-7 of the ROM bus, but do not store the
results in the internal registers until the negative-going transition of the clock pulse. The clock pulse
to both bytes may be disabled by the CPE conditional clock bit (ROMO00). Also, left byte clock is
disabled for right byte operations (ROMO08, 09 = 11) and right byte clock is disabled for left byte
operations (ROMO08,09 = 10). Both CPE left and right byte clocks are gated versions of MPCK-.

The three-state D-bus output drivers are driven by the CPE accumulator AC register contents and
enabled on a full-word basis. The CPE to P-bus enable signal (PBCPE-) is connected in parallel to
the enable data (ED) inputs of all the CPEs. It is possible to enable the 16 data outputs during a left
or right byte operation. For example, loading the four most significant TILINE address bits into the
TILINE MSB address register is a right-byte operation involving PBUS 11-14. All 16 CPE
accumulator output bits are placed on the P-bus. The MSB address load signal, decoded from the
special group 00 of the microinstruction, loads the applicable four bits into the MSB address
register. The unused 12 bits appear on the bus, but do 