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PREFACE

This manual describes the AMCOMP 8011 Disc Memory Controller. The con-
troller is used with the Data General Corporation Nova Series Computers to write data into
or read data out of the AMCOMP models 8400 or 8500 Disc Memory Units.

This manual is divided into six chapters as follows:

Chapter 1 - General Information
Chapter 2 - Installation and Checkout
Chapter 3 - Operation and Interface
Chapter 4 - Theory of Operation
Chapter 5 - Maintenance

Chapter 6 - Drawings and Parts Lists

The publications listed below provide additional information. Copies of publications
prepared by AMCOMP, INC. may be obtained from AMCOMP facility at 686 West Maude
Avenue, Sunnyvale, California 94086.

Title Publication Number

8400 Series Disc Memory Unit 1580009-00
Operation and Maintenance Manual
(AMCOMP, INC.)

8500 Series Disc Memory Unit 1580006-00
Operation and Maintenance Manual
(AMCOMP, INC.)

How To Use The Nova Computers DG NM-5
System Reference Manual
(Data General Corporation)
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GENERAL INFORMATION

1-1 INTRODUCTION

This chapter contains general information pertaining to the AMCOMP 8011 Disc
Memory Controller (figure 1-1). The information in this chapter consists of a general
description, a physical description and a functional description. Specifications and charac-
teristics for the controller are listed in table 1-1 of this chapter.

1-2 GENERAL DESCRIPTION

The 8011 Controller consists of a formatter assembly, an adapter board, inter-
connecting cables, and a diagnostic program. The formatter assembly consists of a single
printed circuit (PC) board, a slide mountable chassis, and a DC power supply. The con-
troller operates with Data General Corporation Nova Series Computers in writing data to
or reading data from the disc memory units. The adapter PC board deals with Nova Com-
puter interface functions, and the formatter PC board with AMCOMP disc memory control
functions.

The controller can interface up to four (daisy-chain configuration) 8430 or 8530
Disc Memory Units. These disc units range from 16 to 128 tracks each for the 8400, and
from 16 to 256 tracks each maximum for the 8530. The track selection and size configura-
tion is accomplished through the power connection of "E' pins in the formatter PC board.

Each track on a disc contains 32 sectors and each sector contains 16 subsectors.
Each subsector stores 16 words plus a 16-bit cyclic code word and parity bit. The 16 sub-
sectors that comprise one sector may or may not be adjacent to each other on a track, de-
pending upon the interlace factor wired into the formatter PC board. The subsector inter-
lacing is used to change the average data transfer rate of the system and allowing the disc
to be matched with the speed of the various Nova Computers. The formatter PC board can
be wired for 1:1, 2:1, 4:1, or 8:1 interlace factors.

An interleaving feature, available as an option, changes the numbering scheme of
the tracks and assures processor time between consecutively numbered sectors. (See
paragraph 1-5.)

Error checking is provided by a 16-bit cyclic code word and an odd parity bit that
are automatically written by the controller at the end of each subsector. When each sub-
sector is read, the cyclic code and the parity bit are read and compared against the code
that was generated from the previous 16 words. If the codes differ, the data error status
flag is set indicating a data error.



ADAPTER BOARD

Figure 1-1.

FORMATTER BOARD

8011 Disc Memory Controller



When the 8011 Controller is providing a diagnostic mode of operation, it allows
approximately one-half of its circuitry to be checked independently of the disc' memory units.
During this mode of operation, 16 words of data are transferred between the Nova Computer
and the controller without accessing the disc memory units. Note that there must be a disc
on line to run the diagnostic mode.

1-3 PHYSICAL DESCRIPTION

The formatter PC board and power supply are contained in a 19-inch rack-mount-~
table chassis (formatter assembly). The adapter PC board plugs into an input/output slot
in the Nova Computer. (See table 1-1 for specifications and characteristics.)

TABLE 1-1. SPECIFICATIONS AND CHARACTERISTICS

Power Requirements

Formatter Assembly
Voltage
Frequency
Run Current

Adapter Board
Voltage

Current

Environmental Specifications

Operating Temperature
Non-Operating Temperature
Temperature Change

Relative Humidity (Operating)
Relative Humidity (Non-Oper-
ating)

Physical Characteristic

Formatter Assembly
Height
Width
Depth
Weight

100, 120, 220, 240 Vac +5%, -10%
50 or 60 Hz + 5% single phase
3 amps at 120 volts

+5 Vdc (supplied by computer)
4 amps (supplied by computer)

0°C to 55°C
-30°C to +65°C
10°C per hour maximum

10% to 90% without condensation

0% to 90% without condensation

5.251in. (13.34 cm.)

16.88 in. (42.88 cm.)
21.00 in. (53.34 cm.)
30. 00 Ibs. (13.50 Kg.)
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TABLE 1-1. SPECIFICATIONS AND CHARACTERISTICS (continued)

Adapter Board (plugged in computer

slot)
Height 0.5 in. (1.27 cm.)
Width A 15.0in. (38.10 cm.)
Depth 15.0 in. (38.10 cm.)

1-4 FUNCTIONAL DESCRIPTION

At the start of any operation the computer sends instructions to the controller.
These instructions specify the starting core memory address, unit address, track address,
and sector address. They also specify the operation to be performed (read, write, or diag-
nostic mode).

In addition to the instructions from the Nova Computer, the operational software can
provide instruction (DOC) to allow a subsector address and subsector count to be specified.

After selection of the unit address and track address, specified in the instruction
from the computer, the controller selects the disc operation contained in the computer in-
struction by generating either the start (READ) or pulse (WRITE) function.

If the controller is placed in the diagnostic mode, the read and write operations
specified by the computer are performed only between the computer and controller. (See
chapters 3 and 4 for more complete functional information.)

1-5 INTERLEAVING

Since the controller cannot process consecutively physically adjacent sectors on a
track, the sectors are numbered alternately with the numbering scheme changing from one
track to the next as shown in the tracks of figure 1-2. With such numbering arrangement,
the program can process consecutively numbered sectors in a given track and switch to the
first sector of the next track all with minimum waiting time. Thus, switching time between
sectors is 2. 085 milliseconds except when switching from sector 3 to sector 4 for which the
time is double (2 sectors apart), i.e., 4.17 milliseconds. The interleave of figure 1-2 shows
the track-sector configuration for a 3600-rpm disc unit with 4:1 interlace factor.
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INSTALLATION AND CHECKOUT

2-1 INTRODUCTION

This chapter provides installation instructions for the 8011 Disc Memory Controller.
Included in this chapter are unpacking and equipment location instructions, an installation
procedure, tables and diagrams, and voltage selection procedure. The installation pro-
cedure, tables and diagrams provide the following instructions:

1. Wiring and connecting the cable assemblies between the Nova Computer and
the formatter assembly.

2. Installing the adapter PC board.

3. Wiring the Nova Computer backplane (cables 1060024 and 1060025),

4. Wiring the formatter PC board for the proper system configuration.

5. Wiring the disc memory units for address assignments.

6. Connecting the disc memory unit or units to the formatter assembly.
2-2 UNPACKING AND INSPECTION

The controller is shipped in a special packing case. As the equipment is unpacked,
care should be exercised to prevent damage to the finished surfaces of the unit. All parts
should be inspected for evidence of damage during shipment. If the packing case or any unit
parts are damaged, advise the manufacturer and file a claim with the transfer company. The
following procedure should be followed for unpacking and inspecting the unit:

a. Open the packing case and remove the contents. Check items removed against
the shipping list to verify packing case contents. Contact AMCOMP in the
event there is a shortage.

b. Remove any additional packing material and verify that the serial number of
the unit corresponds to that shown on the shipping invoice.

NOTE

If reshipment of unit becomes necessary,

a new packing case may be acquired from

the manufacturer. The manufacturer is not
responsible for damage incurred during ship-
ment due to faulty packing.
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c. Visually inspect the exterior of the unit for evidence of any physical damage
that may have occurred in transit. Inspect the cover for dents or abrasions.

d. Check for broken or damaged components and broken or loose wires on con-
nectors.

NOTE

If any damage is discovered, notify the
manufacturer and the transfer company
immediately. If manufacturer is not
notified of the damage to the unit and
damaged unit is subsequently operated
may void the warranty.

2-3 EQUIPMENT LOCATION

The formatter assembly is a slide mountable chassis mounted on the cabinet to-
gether with the outer slides. The adapter PC board is installed in a selected slot within
the Nova Computer chassis.

2-4 INSTALLATION PROCEDURE

A cabling diagram for a typical 8011 Disc Memory Controller is shown in figure 2-1.
Tables 2-1, 2-2 and 2-3 list the signals between the adapter and formatter board, between
formatter and disc memory unit, and between adapter board and Nova Computer. Install
the controller as follows:

a. Select anI/0 slot on the Nova Computer for installing the adapter PC board
and then wire backplane connector end of CPU-A cable assembly (Part No.
1060024) to pins of electrical connector A of selected I/0 slot according to
wiring connections given in table 2-1.

b. Wire backplane connector end of CPU-B cable assembly (Part No. 1060025) to
pins of electrical connector B of selected I/O slot in accordance with wiring
connections given in table 2-1.

c. Install the adapter PC board in selected I/O slot.

d. Connect one of the two formatter cable assemblies (Part No. 1060019) to con-
nector J2 on formatter PC board via backplane connector J3. Connect other
end (P2) of this cable to CPU-A cable assembly (figure 2-1).

e. Connect other formatter cable assembly (Part No. 1060019) to connector J1 on
formatter PC board via backplane connector J1. Connect other end (P2) of this
cable assembly to CPU-B cable assembly (figure 2-1).

CAUTION

Connector J1 on formatter board (J1 on
backplane) must be connected to CPU-B on
computer, and connector J2 (J3 on backplane)
must be connected to CPU-A on computer, or
electrical damage to equipment may result.
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FORMATTER ASSEMBLY

_____________________________ -
1
DC ! NOVA COMPUTE
FORMATTER POWER ! OVA COMPUTER
BOARD SUPPLY :
]
1
e " COMPUTER ADAPTER
BOARD I BACKPLANE BOARD
BACKPLANE |
il !
]
1060082-02 | 1060019 — 1060025 —
J|p2 P1 |42 J1 | P1 P2
(8 IN.) l : | \ g
! TWISTED PAIR
1
‘ 1060082-04 14 1060019 — ,/ 1060024 —
J2(p2 P1|Ja J3 | P1
. (16 IN.) l 3f f:- P 2]
]
]
1
2T, ]1060082:05 1= =T
(24 IN.) ° !
|| i
]
____________________________ -
NOTES (1060110)

1. ALL CABLES ARE CONNECTED ON A

ONE-TO-ONE BASIS.

2. MAXIMUM /O CABLE LENGTH BETWEEN
FORMATTER PC BOARD AND LAST DISC

MEMORY UNIT IS 30 FEET.

3. TERMINATORS E4 AND E5 MUST BE
REMOVED FROM ALL BUT LAST DISC

]

o =

DISC DISC DISC DISC
MEMORY UNIT IN THE DAISY-CHAIN. MEMORY MEMORY MEMORY MEMORY
UNIT UNIT UNIT UNIT

4. POWER TO THE DISC MEMORY UNIT
WITH TERMINATORS (LAST UNIT) MUST
BE ON WHILE THE OTHER DISC UNITS ARE

&-¢

IN OPERATION.

Figure 2-1, Typical 8011 Disc Memory Controller Cabling Diagram
(Daisy-Chain Configuration)



TABLE 2-1. FORMATTER/ADAPTER BOARD SIGNAL
AND CONNECTOR PIN ASSIGNMENTS
ORIGINATION CONNECTOR/PIN
SIGNAL SIGNAL FORMATTER | ADAPTER | FORMATTER | ADAPTER
DETFINITION MNEMONIC BOARD BOARD BOARD BOARD
Buffer Empty BFEMTY X J2-19 A-T77
Buffer Full BFFUL- X J2-21 A-78
Buffers BUFFS X J2-39 A-90
Data Bit 00 DBO00 X J1-9 B-11
01 DBO01- X J1-11 B-13
02 DB02- X J1-13 B-15
03 DBO03- X J1-15 B-19
04 DBO04- X J1-17 B-23
05 DB05- X J1-19 B-25
06 DB06- X J1-21 B-27
07 DBO07- X J1-23 B-31
08 DB08- X J1-25 B-48
09 DB09- X J1-27 B-49
10 DB10- X J1-29 B-51
11 DB11- X J1-31 B-52
12 DB12- X J1-33 B-53
13 DB13- X J1-35 B-54
14 DB14- X J1-37 B-67
15 DB15- X J1-39 B-69
Data Register DRAVL- X J2-43 A-92
Arrival
Data Register DRFUL- X J2-17 A-T6
Full
Data Register DRSETPS~ X J2-41 A-91
Set
Data Bit 00 DB00- X J1-9 B-11
01 DBO01- X Ji1-11 B-13
02 DB02- X J1-13 B-15
03 DB03- X J1-15 B-19
04 DB04- X J1-17 B-23
05 DBO05- X J1-19 B-25
06 DB06- X J1-21 B-27
07 DBO07- X J1-23 B-31
08 DB08- X J1-25 B-48
09 DB09- X J1-27 B-49
10 DB10- X J1-29 B-51
11 DB11- X J1-31 B-52
12 DB12- X J1-33 B-53
13 DB13- X J1-35 B-54
14 DB14- X J1-37 B-67
15 DB15- X J1-39 B-69
Data Register Full| DRFUL- X J2-17 A-76
Data Register Gate] DRGAT- X J2-23 A-T79
DOC Instruction DOCX X J2-31 A-86
End Error ENDER- X J2-15 A-75




TABLE 2-1. FORMATTER/ADAPTER BOARD SIGNAL
AND CONNECTOR PIN ASSIGNMENTS (continued)
ORIGINATION CONNECTOR/PIN
SIGNAL SIGNAL FORMATTER |ADAPTER| FORMATTER | ADAPTER
DEFINITION MNEMONIC BOARD BOARD BOARD BOARD
End Strobe ENDSTR X J2-13 A-73
Initiate INIT X J2-35 A-88
Read Operation RDOP X J1-41 B-34
Read Sector Go RSGO- X J1-43 B-38
Reset RST X J2-33 A-87
Sector Continue SCOPCK X J2-11 A-T71
Operation Clock
Status In STATIN X J2-25 A-81
Subsector Address| SALDS- X J2-29 A-85
Load One-Shot
Track/Sector TSASET X J2-27 A-83
Address Set
Write Operation WROP X J1-45 B-40
Write Sector Go WSGO- X J1-47 B-36

TABLE 2-2. FORMATTER BOARD/DISC MEMORY UNIT I/0 SIGNAL
AND PIN ASSIGNMENTS (CONNECTOR J3)

INPUT OouTPUT
SIGNAL SIGNAL TO FROM PIN No.
DEFINITION MNEMONIC FORMATTER FORMATTER

Disc Ready DSCRDY X 2
Return GND 1
Head Change HEAD CHANGE X 32
Perm Address PERM ADDRESS X 17
Return GND 18
Read READ X 27
Read Clock RD CLK 39
Return GND 40
Read Data RD DATA X 31
Sector Clock SCLK X 23
Return GND 24
Sector Write SWD X 25
Return GND 26
Track Address 0 TAO X 11
: 1 TAl X 10
2 TA2 X 9

3 | TA3 X 8

4 | TA4 X 7

5 TAS5 X 6

6 | TA6 X 5

7 | TA7 X 4

8 | TAS X 3
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TABLE 2-2. FORMATTER CARD/DISC MEMORY UNIT I/0 SIGNAL
AND PIN ASSIGNMENTS (CONNECTOR J3) (continued)
’ INPUT OUTPUT
SIGNAL SIGNAL TO FROM PIN No.
DEFINITION MNEMONIC FORMATTER FORMATTER
T rack Origin TO X 21
Return GND 22
Unit Select 0 USEL 0 X 15
1 USEL 1 X 14
2 - USEL 2 X 13
3 USEL 3 X 12
Write WRT X 29
Return GND 30
Write Clock In WR CLK IN X 43
Return GND 44
Write Clock Out WCLK X 47
Return GND 48
Write Data WR DATA X 35
Return GND 36
TABLE 2-3 . ADAPTER BOARD/NOVA COMPUTER I/0O SIGNAL
AND PIN ASSIGNMENTS
INPUT ouTPUT
SIGNAL TO FROM
SIGNAL NAME MNEMONIC ADAPTER ADAPTER CONNECTOR/PIN
Clear CLR X A-50
Data 00 DATAO00 X A-62
01 01 X A-65
02 02 X A-82
03 03 X A-73
04 04 X A-61
05 05 X A-57
06 06 X A-95
07 07 X A-55
08 08 X A-60
09 09 X A-63
10 10 X A-T75
11 11 X A-58
12 12 X A-59
13 13 X A-64
14 14 X A-56
15 15 X A-66
Data In A Instruction | DATIA X A-44
Data In B Instruction | DATIB X A-42
Data Out A Instruction | DATOA X A-58
Data Out B Instruction| DATOB X A-56
Data Out C Instruction| DATOC X A-48
Data Channel DCHA- X A-60

Acknowledge
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TABLE 2-3. ADAPTER BOARD/NOVA COMPUTER I/O SIGNAL
AND PIN ASSIGNMENTS (continued)
INPUT OUTPUT
SIGNAL TO FROM
SIGNAL NAME MNEMONIC ADAPTER ADAPTER CONNECTOR/PIN
Data Channel In DCHI X B-37
Data Channel Mode DCHMO- X B-17
Data Channel Out DCHO X B-33
Data Channel DCHPIN- X A-94
Priority In ‘
Data Channel DCHPOT - X A-93
Priority Out

Data Channel Request | DCHR- X B-35
Device Select 0 DS0- X A-T72

1 DS1- X A-68

2 DS2- X A-66

3 DS3- X A-46

4 DS4- X A-62

5 DS5- X A-64
Interrupt Acknowledge| INTA X A-40
Interrupt Priority In | INTPIN- X A-96
Interrupt Priority Out| INTPOT- X A-95
Interrupt Received INTR- X A-29
Input/Output Pulse I0PLS X A-74
Input/Output Reset IORST X A-70
Mask Out MSKO- X A-38
Request Enable RQENB- X B-4
Select Busy | SELB- X A-82
Select Done SELD- X A-80
Start STRT X A-52

Verify proper wiring of "E'' pins on formatter for proper disc memory unit

according to table 2-4.

Verify proper wiring of "E'" pins on formatter board for proper sector inter-
lace factor in accordance with tables 2-5 and 2-6.

Verify proper wiring of "E'" pins on formatter board for proper system size

in accordance with table 2-7.

Verify proper wiring of "E' pins on formatter board for disc unit address
assignments as shown in table 2-8.
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Verify "E'" pins on formatter board for disc unit address assignments as
shown in table 2-9. ‘

Wire "E'" pins on adapter board according to selected device address (unit
is shipped for device address 20) as shown in table 2-10.

If daisy-chaining of disc memory units is used, remove signal line resistive
terminations from PC board of each disc memory unit except from disc
memory unit at end cable.

NOTE

It is recommended that disc unit address 0
be connected at the end of the daisy-chain
cable assembly. This allows other disc
memory units to be removed or connected
without changing the system cabling.

TABLE 2-4. 8400/8500 DISC UNIT SELECTION WIRE CONNECTIONS

DISC MEMORY STRAPPING
‘ UNIT
E56 To E57
8400 E59 To E61
E58 To E62
E56 To E59
8500 E61 To E58
E62 To E60




TABLE 2-5. SEQUENTIAL SECTOR INTERLACE WIRE CONNECTIONS

FROM TO
1:1 2:1 4:1 8:1
E19 E40 E37 E32 E31
E20 E39 1 E40 . E37 E32
E17 E34 E39 E40 E37
E18 E33 E34 E39 E40
E23 E30 E33 E34 E39
E24 E29 E30 E33 E34
E21 E31 E29 E30 E33
E22 E32 E31 E29 E30
E27 E37 E32 E31 E29

TABLE 2-6. WIRE CONNECTIONS FOR SECTOR INTERLACE
WITH NOVA COMPUTER INTERLEAVING

TO
SIGNAL FROM AMCOMP COMPATIBLE NOVA COMPATIBLE
1:1 2:1 4:1 8:1 1:1 2:1 4:1

LCC5 E29 E51 E51 E51 E19 E50 E50 E50
LCC4 E30 E52 E52 E52 E52 E51 E51 E51
LCC6 E3l E50 E50 E19 E20 E52 E52 E52
LCcCT E32 E49 E19 E20 E17 E23 E19 E19
LCC3 E33 E18 E23 E24 E21 E18 E23 E24
LCC2 E34 E17 E18 E22 E24 E17 E18 E23
LCC8 E37 E23 E24 E21 E22 E24 E24 E20
LCC1 E39 E20 E17 E18 E23 E20 E17 E18
LCCO E40 E19 E20 E1l7 E18 E19 E20 E17
BN4 E41 E36 N/C N/C N/C N/C N/C N/C
BN3 E42 E35 E35 N/C N/C E27 E27 E27
BN2 E43 E26 E26 E26 N/C E22 E22 E22
BN1 E44 E25 E25 E25 E25 E21 E21 E21
AN4 E45 E27 N/C N/C N/C N/C N/C N/C
AN3 E46 E22 E27 N/C N/C E56 E56 E56
AN2 E47 E21 E22 E27 N/C E38 E38 E38
AN1 E48 E24 E21 E22 E27 E28 E28 E28
PUV E53 E54 E54 E54 E54 E55 E55 E55
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TABLE 2-7. 8400/8500 DISC SIZE WIRE CONNECTIONS ‘
DISC SIZE MAXIMUM SIZE JUMPER '
(TRACKS)
8400 8500 FROM TO
0 128 E9 ‘E10 El1 E12 E13 7E14 E15 El6 E2
16 144 E9 E10 El1 E12 E13 El4 E15 E2
32 160 E9 E10 El1 E12 E13 El4 E2
48 176 E9 E10 El1 E12 E13 E2
64 192 E9 E10 El1 E12 E2
80 208 E9 E10 E11 E2
96 224 E9 E10 E2
112 240 E9 E2
TABLE 2-8. UNIT SELECT ADDRESS WIRE CONNECTIONS
UNIT FROM TO
No.
0 El ES
1 El E7
2 E1l E5
3 E1l E6

TABLE 2-9. HIGHEST UNIT NUMBER WIRING CONNEC TIONS

2-10

HIGHEST
UNIT No. TO FROM FROM | FROM
ASSIGNED

0 E3 ET7 E6 E5

1 E3 E6 E7

2 E3 E7

3 NONE

2
NOTE

For multiple units of different

size (different number of tracks)
but not exceeding two different
sizes, the unit having the fewest

tracks must be assigned the

highest unit number.




TABLE 2-10. DEVICE ADDRESS SELECTION CONNECTIONS

ADDRESS FROM TO COMMENTS
20 E1l E2
60 E1l E3 Cut etch between E1 and
E2
2-5 VOLTAGE SELECTION

Line voltages of 100, 120, 220, and 240 volts at an operating frequency of 48 to 62
Hz can be selected through a voltage selector PC board (figure 2-2) located in rear panel of
the formatter chassis. To select an operating voltage perform the following steps:

1. Open cover door and rotate fuse-pull to left.

2. Select operating voltage by orienting PC board to position desired voltage on
top left side. (Selected voltage should be visible when PC board is installed.)

3. Rotate fuse-pull back into normal position and re-insert fuse into holders,
careful to install a fuse with correct value.

2-6 PERFORMANCE VERIFICATION

. To verify program operation, refer to chapter 3, paragraph 3-10 and to User's
Guide in Appendix A.
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OPERATION AND INTERFACE

3-1 INTRODUCTION

This chapter contains operation and programming considerations, interface input/
output signals, and interface signal logic levels. Described in this chapter, under the above
major paragraphs, are controller instructions, computer transfer instructions, loading
information, and modes of operation.

The basic timing considerations, track selection requirements, write and read
timing requirements, and a description of the input/output signals for the interface between
the controller and the disc memory units are given in chapter 3 of the AMCOMP Operation
and Maintenance Manuals for the disc memory unit.

3-2 OPERATION AND PROGRAMMING CONSIDERATIONS

The operation and programming considerations include controller instructions,
computer input/output transfer instructions, automatic and non-automatic loading, and
modes of operation.

3-3 CONTROLLER INSTRUCTIONS

The 8011 Disc Controller uses five of the Nova Computer I/0O transfer instructions.
These instructions are described in the following paragraphs.

3-4 DOA-, DSK (Data Out A-, Disc)

This instruction is as follows: Select the unit, track and sector according to the
contents of ac (accumulator) bits 2 through 15 of the instruction as shown in figure 3-1,
and perform the function specified by ¥ (bits 8 and 9). The contents of F are as follows:

00 = No operation (NOP)
01 = Start (READ)
10 = CLEAR

11 = Pulse (WRITE)



INSTRUCTION

TRACK

SECTOR

AC o 1 o F o 1 0 0 0 o
L] l 11 | L1 l
ACCUMULATOR
o 1 2 3 4 10 1 15
J‘SOET) DIsC

Figure 3-1. DOA-, DSK Instruction

3-5 DOB-, DSK (Data Out B-, Disc)

This instruction (figure 3-2) is as follows: Load the contents of accumulator bits
0 through 15 into the core address counter (accumulator bit 0 should be 0) and perform

the function specified by F (bits 8 and 9).

NOTE

If a logical 1 bit is contained in
accumulator bit 0, the controller
is placed in the diagnostic move.

INSTRUCTION :

0 3 4 5 6 7 8 9 10 1 12 13 14 15
0 1 1 AC 1 0 0 . 0 1 0 0 0 0
|| | N T I
ACCUMULATOR

0 1 15
D

| CORE ADDRESS

A

Figure 3-2.

DOB-, DSK Instruction
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3-6

DIA-, DSK (Data In A-, Disc)

This instruction reads the status of the disc memory system into accumulator bits
10 through 15 (figure 3-3), clears accumulator bits 0 through 9, and performs the function

specified by F (bits 8 and 9).

a.

A logical 1 in bits 10 through 15 is decoded as follows:

Bit 10 (disc fail). The selected disc becomes not ready or the system is hung
during a read or write operation (time out or ready). The setting of this bit
clears Busy and sets Done, requesting an interrupt if interrupt disable is
clear.

Bit 11 (write error). The program has specified write instruction and the
selected track-sector is write-protected.

Bit 12 (timer error). The data channel, during read or write, has failed to
respond in time to a request for access (i.e., because of preemption of the
channel by faster devices).

Bit 13 (no such disc). The disc or track selected by the program is not avail-
able on this system. The setting of this bit clears busy and sets done, request-
ing an interrupt if interrupt disable is clear.

Bit 14 (data error). During a read operation, the cyclic check word or parity
bit read from the disc differed from that computed by the controller for the
data in the subsector.

Bit 15 (error). Bit 10, 11, 12, 13, 14 are a logical 1.
NOTE
The clear, start, or pulse function in
an instruction clears all of the flags

established by the setting of bits 10
through 15.

0

INSTRUCTION

1 2 3 4 5 6 7 8 9 10 " 12 13 14 15

0

ACCUMULATOR

NOT USED DISC STATUS

N N N O I N (N N N B

Figure 3-3. DIA-, DSK Instruction



3-7 DIB-, DSK (Data In B-, Disc)

This instruction (figure 3-4) is as follows: Read the present contents of the core
address counter into accumulator bits 0 through 15. If the accumulator bit 0 is a logical 1,
the unit is in the diagnostic mode. The contents of the core address counter is presented
as zeros when this instruction is executed while the system is busy. This instruction can
be ordinarily used for diagnostic purposes. Perform the function specified by F (bits
8 and 9).

INSTRUCTION

0 1 2 3 4 5 6 7 8 9 10 N 12 13 14 15
0 1 1 AC 0 1 1 F 0 1 0 0 0 0
[ | L | [ I I
ACCUMULATOR

0 1 15
D

| CORE ADDRESS

all I N [N I [ S N I T I Ay By

Figure 3-4. DIB-, DSK Instruction

3-8 DOC O, DSK (Data Out C, Disc)

This instruction (figure 3-5) is as follows: Select the starting subsector address
according to the contents of accumulator bits 0 through 3 and perform the function specified
by F in the length according to the contents of accumulator bits 4 through 15. The 12-bit
number expresses the length of operation in terms of number of subsectors. It must be a
number in 2's complement form. The total number of words transferred is 16 times the
specified subsector number.

The DOC instruction extends the capability of the controller beyond that
provided by the Data General Disc System. It allows disc addressing to the subsector level.
It also allows multiple (1-4096) subsector operation. When all 12 bits of accumulator bits
4 through 15 are specified as zeros, 4096 subsectors will be operated. When the DOC
instruction is not executed, the operation is performed as one sector (16 subsectors) opera-
tion with disc subsector address startingat 0, which is compatible with the Data General
Fixed Head Disc System.

NOTE

If accumulator bits 4 through 15 are
all high, one subsector will be trans-
ferred.

If the DOC instruction is not executed, the system will transfer only one sector
(256 words) of data.



INSTRUCTION
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

o 1 1 AC 110 F o 1 0 0 o0 ©
| | | | | I I I
ACCUMULATOR
0 34 15
STARTING SUB- ,
S oRESS 2's COMPLEMENT OF # SUBSECTORS

Figure 3-5. DOC 0, DSK Instruction

3-9 COMPUTER I/O TRANSFER INSTRUC TIONS

The controller has the Nova Computer device code 20, mnemonic DSK, and uses
five of the computer I/0O transfer instructions. The busy and done flags from the controller
are sensed by bits 8 and 9 in the computer skip instructions. The busy and done flags are
controlled by the clear, start or pulse function in the instruction. Interrupt disable from
the controller is controlled by interrupt priority task bit 9 in the computer. When a second
controller is connected to the computer, its device code is 60, mnemonic DSK, If other
disc memory units are used, additional codes are assigned.

The clear function in an instruction clears the busy and done flags, and thus termi-
nates data transfers if a track sector is currently being processed. In addition to specify-
ing the function, start and pulse both clear the done flag and set the busy flag. Start
selects the read function and pulse selects the write function. Clear, start and pulse each
clear the disc memory system status flags: disc fail, write error, data late, no such disc,
data error and error.

3-10 AUTOMATIC AND NON-AUTOMATIC LOADING
Ordinarily sector 0, track 0 of disc 0 is reserved for binary loader. If the loader
in core is destroyed by program debugging, it can be restored from the disc. The automa-

tic and non-automatic loading procedures are described below.

3-11 Automatic Loading

To bring the loader into memory automatically, proceed as follows:

a. Set device code 20 into DATA switches 10 through 15 at the computer
console for disc operation. Set device code 10 into DATA switches for
TTY with paper tape operation.

b. If a Nova 1200 or 800 Series Computer with the program load option is
being used, position the RESET-STOP switch to RESET position, turn
on DATA switch 0, and then position PROGRAM LOAD switch to PROGRAM
LOAD position. If a Supernova Computer is being used, position RESET-



STOP switch to RESET position and then position PROGRAM LOAD-
CHANNEL start switch to CHANNEL START position.

3-12 Non-Automatic Loading

To bring the loader into memory without automatic loading, proceed as follows:
a. Load bootstrap loader into upper core through the switches.
b. Load binary loader (paper tape) into reader.
c. Set RESET-STOP switch to RESET.
d. Set switches to XX7770. 007770=4K and 777770-32K.
NOTE
If using a high speed reader switch,
0 must be a "1"'. If using TTY,

switch 0 must be a ''0".

e. Switch START-CONTINUE to START. (Program will stop at location
XX 7777.)

f. Load program tape into reader.
g. START-CONTINUE.

h. Reference program tape listing for starting address and operation of
program.

3-13 MODES OF OPERATION

The operation to be performed (read, write, or diagnostic) is specified in the
instructions sent to the controller by the Nova Computer. These instructions are the DOA
and DOB.

After one read operation, no further DOB instructions need be issued if subsequent
operations are to be read operations and are to access consecutive sectors in core memory.
For write operations, both the DOA and DOB instructions should be given.

At the completion of each operation, the program should check the status of the
disc memory system, and if the data was late or in error, the operation should be re-
peated. The status should not be checked before starting an operation with a disc; the
status is not valid until an operation has been performed.

3-14 Write Operation

When a write operation (pulse) is specified by the instructions from the computer,
the controller requests and gains control of the computer data channel and starts transfer-
ring words consecutively into a 16-word data buffer. Simultaneously, the controller
searches for the sector address on the selected track by comparing the sector address with
an incrementing sector counter of the disc. When the specified sector is found, data in
the buffer is written on the disc into the first 16-word subsector. The writing operation is
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continued until one sector (16 subsectors) of data is transferred, or the specified number
of subsectors are transferred (as specified in the DOC instruction). If the DOC instruction
is not executed prior to or with the generation of the I/0 pulse, one sector (16 subsectors)
of data is transferred. Otherwise, the number of subsectors of data transferred is the
number of subsectors specified by the DOC instruction.

3-15 Read Operation

When a read operation (start) is specified by the instructions from the computer,
the controller searches for the sector address on the selected disc and track by compar-
ing the sector address with the incrementing sector counter of the disc. Data words are
then transferred from the disc into the 16-word data buffer. With the first word in the data
buffer, the controller then requests and gains use of the data channel for inputting data to
the computer. The length of data transfer is the same as that for the write operation.

3-16 Diagnostic Mode of Operation

When the controller is in the diagnostic mode, the read or write operation speci-
fied by the computer causes data transfers to be performed only between the computer and
the controller.

The controller is placed in the diagnostic mode when a logical 1 is contained in
accumulator bit 0 of a DOB instruction from the computer. The controller remains in the
diagnostic mode until a logical 0 is contained in accumulator bit 0 in a subsequent DOB
instruction from the computer. The DOA instruction that normally specifies the disc,
track and sector address is not required in the diagnostic mode. A specified pulse function
in the DOB instruction causes 16 words of data to be transferred from the specified core
address in the computer to the 16-word buffer in the controller. The contents of the 16—
word buffer is then read back to the computer when the computer issues a DOB instruction
containing a start function. The contents of the buffer is read back in the logical 1's com-
plement form from which it was written. The diagnostic mode of operation allows 16 words
of data to be transferred between the computer and controller for diagnostic purposes with-
out accessing the disc memory.

3-17 INTERFACE INPUT/OUTPUT SIGNALS

The description of the interface signals are divided into two categories: the Nova
Computer to the controller and the controller to Nova Computer interface signals.
Figure 3-6 contains the signals interfacing the controller (adapter and formatter boards).
3-18 NOVA COMPUTER TO CONTROLLER INTERFTACE SIGNALS

The following paragraphs describe the interface signals from the Nova Computer
to the 8011 Controller.

3-19 Device Selection (DS0 through DS5)

These signal lines are low in the assertive state. The processor places the de-
vice code (bits 10 through 15 of the instruction word) on these signal lines during the execu-
tion of an in-out instruction. These signal lines select one of 59 devices (codes 04 through
76) that may be connected to the I/O bus (the controller has the device code 20, mnemonic

- DSK). Only the selected device responds to control signals generated during the in-
struction,



DATA 4{@_»

DATA REGISTER FULL

UNIT SELECT

CLEAR DATA REGISTER GATE HEAD CHANGE
DATA IN A (DATIA) END ERROR _ PERMANENT ADDRESS
DATA IN (DATIB) END STROBE

DATA OUT A (DATOA)

DATA OUT C (DATOC) INSTR.

TRACK ADDRESS @
—>-1

TRACK ORIGIN

DATA OUT B (DATOB) INITIATE DISC READY

DATA OUT C (DATOC) READ OPERATION ) READ DATA

DATA CHANNEL ACK. READ SECTOR GO READ

DATA CHANNEL IN RESET READ CLOCK

DATA CHANNEL OUT

SECTOR CONT. OP. CLOCK

SECTOR CLOCK

NOVA >1 ADAPTER
COMPUTER DATA CHANNEL MODE BOARD

FORMATTER [T 8400/8500
STATUS IN | BOARD SECTOR WRITE _ | DISC UNIT(S)

SUBSECTOR ADD. LOAD ONE-SHOT
TRACK/SECTOR ADDRESS SET

DATA CHANNEL PRIORITY WRITE CLOCK OUT

DATA CHANNEL REQUEST WRITE CLOCK IN

DEVICE SELECT 4@__» WRITE OPERATION - WRITE DATA -
INTERRUPT ACK. WRITE SECTOR GO WRITE

INTERRUPT PRIORITY
INTERRUPT RECEIVED
INPUT/OUTPUT PULSE
INPUT/OUTPUT RESET

Y

MASK OUT

REQUEST ENABLE

SELECT BUSY

SELECT DONE

A

START

NOTE: FOR SIGNAL MNEMONICS SEE TABLES 2-1, 2-2, AND 2-3.

Figure 3-6. Controller Interface Signals



3-20 Data (DATA 0 through DATA 15)

These signal lines are low when true and are used to transfer all data and ad-
dresses between the processor and controller.

For a programmed output, the processor places the accumulators specified by the
instruction on the data lines and then generates DATOA, DATOB, or DATOC to load the
data from the lines into the corresponding buffer in the controller of the disc memory
system (selected device); or generates MSKO to set up the interrupt disable flags in all of
the devices according to the mask on the data lines. For data channel output, the processor
places the memory buffer on the data lines and generates signal DCHO to load the contents
of the lines into the data register in the controller.

3-21  Data Out A (DATOA)

This signal is high when true and is generated by the processor after the accumu-
lator signals have been placed on the data lines in a DOA instruction. DATOA is used to
load the address into the unit, track and sector registers on the controller when the disc
memory system is the device selected by DSO through DS5.

3-22  DataIn A (DATIA)

This signal is high when true and is generated by the processor during a DIA
instruction to place the error register in the controller on the data lines when the disc
memory system is the device selected by DS0 through DS5.

3-23 Data Out B (DATOB)

This signal is high when true and is generated by the processor, after accumu-
lator data has been placed on the data lines in a DOB instruction. DATOB signal loads the
data into the core memory address register in the controller when the disc memory system
is the device selected by DS0 through DS5.

3-24  Data In B (DATIB)

This signal is high when true and is generated by the processor during DIB in-
struction. DATIB signal places the core memory address register in the controller on the
data lines when the disc memory system is the device selected by DSO through DS5.

3-25  Data Out C (DATOC)

This signal is high when true and is generated by the processor after accumulator
bits have been placed on the data lines in a DOC instruction. DATOC signal loads the
counter and subsector address register in the controller when the disc memory system is
the device selected by DS0O through DS5.

3-26 Start (STRT)

This signal is high when true and is generated by the processor in a non-skip I/0
instruction (DOA, DOB, DOC, etc.) with an S control function (bits 8 and 9 = 01). STRT
signal clears done, sets busy, clears the INT REQ flip-flop, and selects a read operation
in the controller when the disc memory system is the device selected by DSO through DS5.
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3-27 Clear (CLR)

This signal is high when true and is generated by the processor in a non-skip I/0O
instruction with a C control function (bits 8 and 9 = 10). CLR clears busy, done and INT
REQ flip-flop in the controller when the disc memory system is the device selected by DS0
through DS5.

3-28 1/0 Pulse (IOPLS)

This signal is high when true and is generated by the processor in a non-skip I/0
instruction with a P control function (bits 8 and 9 = 11). IOPLS selects a write, clears
done, sets busy, and clears the INT REQ flip-flop in the controller when the disc memory
system is the device selected by DSO through DS5.

3-29 Request Enable (RQENB)

This signal is low when true and is generated at the beginning of every memory
cycle to allow all devices (including the disc memory system) on the I/0 bus to request
program interrupts or data channel access. In any device, RQENB sets the INT REQ
flip-flop if done signal is set and interrupt disable is clear; otherwise, it clears INT REQ
flip-flop. In any device connected to the data channel, RQENB sets the DCH REQ flip-flop
if the DCH SYNC flip-flop is set; otherwise, it clears DCH REQ.

3-30 Interrupt Priority (INTP)

This signal is low when true and is generated by the processor for transmission
serially to the device on the I/O bus. If the INT REQ flip-flop in a device is clear when
the device received INTP, the signal is transmitted to the next device.

3-31 Interrupt Acknowledge (INTA)

This signal is high when true and is generated by the processor during the INTA
instruction. If a device (including the disc memory system) received INTA while it is
also receiving INTP and its INT REQ flip-flop is set, it places its device code on data lines
10 through 15.

3-32 Mask Out (MSKO)

This signal is low when true and is generated by the processor during the MSKO
instruction after accumulator bits (data 09) have been placed on the data lines to set up
the interrupt disable flags in all devices according to the mask on the lines.

3-33 Data Channel Priority (DCHP)

This signal is low when true and is generated by the processor and transmitted
serially to the devices on the I/O bus. If the DCH REQ flip-flop in a device is clear when
the device receives the DCHP signal, this signal is transmitted to the next device.

3-34 Data Channel Acknowledge (DCHA)

This signal is low when true and is generated by the processor at the beginning of
a data channel cycle. If the controller receives DCHA while it is receiving DCHP and its
DCH REQ flip-flop is set, it places the memory address to be used for data channel access
on data lines 1 through 15 and sets the DCH SEL flip-flop.
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3-35 Data Channel In (DCHI)

This signal is high when true and is generated by the processor for data channel
input (DCHMO = logical 1) to place the data register of the controller on the data lines
when the disc memory system is selected by DCHA.

3-36 Data Channel Out (DCHO)

This signal is high when true and is generated by the processor for data channel
output (DCHMO = logical 0) after the word from memory or the arithmetic result has been
placed on the data lines. DCHO signal loads the contents of the lines into the data register
of the controller when the disc memory system is selected by DCHA.

3-37 1/0 Reset (IORST)

This signal is high when true and is generated by the processor in the IORST
instruction or when the console RESET switch is pressed to clear the control flip-flop in
all interfaces connected to the I/O bus. This signal is also generated when power is turned
on.

3-38 CONTROLLER TO NOVA COMPUTER INTERFACE SIGNALS

The following paragraphs describe the interface signals from the 8010 Controller
to the Nova Computer.

3-39  Data (DATAO through DATA15)

These signal lines are low when true and are used to transfer all data and ad-
dresses that are transferred between the processor and the controller.

For a programmed input, the processor generates DATIA or DATIB to place the
error register or core memory address register in the controller on the data lines (when
the disc memory system is selected by DS0 through DS5), or generates INTA to place the
code of the nearest device that is requesting an interrupt on lines 10 through 15. The ‘
processor then loads the data from the lines into the accumulator selected by the instruc-
tion. To obtain an address for data channel access, the processor generates DCHA to
place a memory address from the nearest device that is requesting access on lines 1
through 15 and then loads the address into the memory address register. For data channel
input, the processor generates DCHI to place the data buffer of the controller on the data
lines (when the disc memory system is the device being serviced), and then loads the con-
tents of the lines into the memory buffer.

3-40 Selected Busy (SELB)

This signal is low when true and is generated by the controller (when the disc
memory system is selected by DSO0 through DS5) if its busy flag is set.

3-41 Selected Done (SELD)

This signal is low when true and is generated by the controller (when the disc
memory system is selected by DSO through DS5) if its done flag is set.
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3-42 Interrupt Request (INTR)

This signal is low when true and is generated by any device (including the disc
memory system) when its INT REQ flip-flop is set. In the disc controller the INT REQ
flip-flop is set when the DONE flip-flop and INT MASK flip-flop are set.

3-43 Data Channel Request (DCHR)

This signal is low when true and is generated by any device (including the disc
memory system) when its DCH REQ flip-flop is set. This informs the processor that the
device is waiting for data channel access.

3-44 Data Channel Mode (DCHMO)

This signal is low when true and is generated by the controller when its DCH SEL
flip-flop is set to inform the processor of the type of desired data channel cycle. For data
in, this signal is low-true; for data out, the signal is high-true.

3-45 INTERFACE SIGNAL LOGIC LEVELS

The logic is either 14—pinoor 16-—p%n dual in-line packages, with industrial oper-
ating temperatures ranging from 0 C to 70°C. All logic circuits are constructed with TTL
integrated circuit chips of the small-scale and medium-scale integration type.

The interface logic used is positive having the following levels:

Logical 1 (low-true = active low) 0 volts nominal
0.4 volts - maximum

Logical 0 (high-false = active high) 2.3 volts minimum
2.7 volts nominal
5.0 volts maximum

NOTE

Internal logic levels are contained in
chapter 4.
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THEORY OF OPERATION



THEORY OF OPERATION

4-1 INTRODUCTION

This chapter provides logic diagram information, overall theory and circuit descrip-
tions for the 8011 Disc Memory Controller. This includes detailed circuit descriptions of the
controller adapter and formatter PC (printed circuit) boards.

4-2 LOGIC DIAGRAM AND SIGNAL INFORMATION

The signals appearing on the adapter and formatter logic boards are listed in
table 4-1. The signals from the adapter PC board to Nova Computer are low-true and those
from Nova Computer to the adapter PC board are either low-true or high-true, depending
upon the particular signal. The signals from/to disc memory unit are low-true.

The low-true signals carry a minus sign at the right end of the signal term (i.e.,
DSCRDY-), while the high-true signals are presented plainly (i.e., DSCRDY).

NOTE
The interface signals and their logic levels
are described in chapter 3; their origin and

destination are listed in the tables of chapter 2.

The controller internal logic (between adapter and formatter PC boards) is standard
positive having the following levels:

Logic 0 (low) = 0to +0.4 volts
Logic 1 (high) = 2.3 to +5. 0 volts

4-3 KEY TO BASIC SYMBOLOGY

Figure 4-1 shows the gate as well as the JK and D-Type flip-flop symbols together
with their truth tables.

4-4 JUMPER CONNECTIONS

The E pins on the formatter PC board are jumpered in order to achieve selection
of 8400 or 8500 Disc Memory Unit, disc unit size, sequential sector interlace, sector inter-
lace with Nova Computer interleaving and disc unit (1 through 4) selection. (See chapter 2,
tables 2-4 through 2-10.

4-1



TABLE 4-1. SIGNAL DEFINITION AND MNEMONICS

Mnemonic Term Signal Definition Location*
Any Error Output is negative true for any error output. 83-2

This includes Read Error, Illegal Address

Error, Data Transfer Error, Disc Failure

Error, Write Protect Error or Ready Error.
AOVFA- Address Over-Flow A 83-2
AOVFB- Address Over-Flow B 83-2
AOVFE- Address Over-Flow E 83-2
BCNT Bit Count 83-1
BCNTO Bit Count Zero 83-1
BCNT15 Bit Count Fifteen 83-1
FB00 - BF15 16 Word Buffer, Bit Zero through Bit Fifteen 83-3
BFEMTY- Fuffer Empty 83-1, 27-1
BFEMTY Buffer Empty 83-1, 83-5,27-1,

27-3
BFFUL Buffer Full 83-1, 83-5, 27-1,
27-3
BFLD- Buffer Load 83-5
BFLDCNR- Buffer Load Control Register 83-1, 83-3
BFLDPS- Buffer Load Pulse 83-3, 83-5
BFLDR Buffer Load Register 83-1, 83-3
BFPSINH Buffer Pulse Inhibit 83-1, 83-5
BUFFS Buffers: Operate during diagnostic mode for 83-5, 27-1
16 Word Transfers
BUSY Busy 27-1, 27-2
CCGNZR Cyclic Code Not Zero Read 83-2, 83-5
CcCYL, CCYL- Cyclic Code Cycle 83-2, 83-5
CLR Clear 27-1
DATAO00- Data Bit 00 through 15 from the Processor 27-2, 27-1
DATA15
DATIA DIA Instruction 27-1
DATIB DIB Instruction 27-1
DATOA DOA Instruction 27-1
DATOB DOB Instruction 27-1
DATOC DOC Instruction 27-1
DB00 - DBO03 Data Bit 00 through Data Bit 03 from the 83-1, 27-2
Adapter Card
DBO0 - DB15 Data Bit 00 through Data Bit 15 from the 83-2, 83-3, 83-4,
Adapter Card 27-1, 27-2

DCHA- Data Channel Acknowledge 27-3
DCHADG- Data Channel Acknowledge Delay Gated 27-2, 27-3
DCHBSY Data Channel Busy 27-2, 27-3
DCHBSY Data Channel Busy 27-2, 27-3
DCHI Data Channel In 27-3
DCHIN- Data Channel In Gated 27-1, 27-2, 27-3
DCHMO- Data Channel Mode 27-3

*The first two digits refer to the last two digits of the schematic number, third digit refers

to sheet number.

4-2




TABLE 4-1.

SIGNAL DEFINITION AND MNEMONICS (continued)

Mnemonic Term Signal Definition Location*
DCHO Data Channel Out 27-3

DCHR- Data Channel Request 27-3

DCHPOT- Data Channel Priority Out 27-3

DFLD Should be BFLD (error on drawing) 83-3

DIAGM Diagnostic Mode 27-1, 27-2

DISC FAIL Time Out and Ready 83-2

DOA DOA Instruction 27-1

DOCX DOC Instruction 83-1, 27-1, 27-2
DR00 - DR15 Data Register Zero through Data Register 83-2

Fifteen

DRAVL- Data Register Arrival Generated by DCHIN- 83-5, 27-1
DRCNC Data Register Count Control 27-1, 27-3
DRFUL Data Register Full 83-5, 27-3
DRGAT - Data Register Gate 83-2, 27-1
DSCRDY- . Disc Ready 83-1

DRSET Data Register Set 83-3, 83-5
DRSETPS Data Register Set Pulse 83-5, 27-1, 27-3
DRSETBF- Data Register Set Buffer 83-3, 83-5

DS0 - DS5 Device Select Zero through Five 27-1

E9 - El6 Location Control Count Same as LCCO-LCC11 83-4

ENDER End Error 83-2, 83-5, 27-1,

27-3
ENDSTR End Strobe 83-1, 83-5, 27-1,
27-3

EOWD End of Word 83-1

INIT- Initiate 83-1, 83-5, 27-1
INIT-A Initiate A 83-1, 83-3, 83-5
INIT -C Initiate C 27-1, 27-2, 27-3
INTA Interrupt 27-1

INTACK- Interrupt Acknowledge 27-1, 27-2
INTPIN Interrupt Priority In 27-1

INTPOT Interrupt Priority Out 27-1

INTR- Interrupt Received 27-1

IOPLS I/0 Pulse 27-1

IORST I/0 Reset 27-1

LCCO - 1LCC11 Location Control Count Zero - Eleven 83-4

LCCA -1LCCM Location Control Count A - M 83-4

LSTWD Last Word 83-1

MAIN- Memory Address In 27-1, 27-2.
MASET - Memory Address Set 27-1, 27-2
MSKO- Mask Out 27-1

PERM ADDRESS Protected Memory Address 83-1

POR- Power ON Reset 83-1

PTY Parity Bit 83-2, 83-5
PTYCYL, 83-2, 83-4
PTYCYL- Parity Cycle 83-5

*The first two digits refer to the last two digits of the schematic number, third digit refers

to sheet number.




TABLE 4-1. SIGNAL DEFINITION AND MNEMONICS (continued)

Mnemonic Term Signal Definition Location*

PU Pull Up 83-2

RD Read 27-1, 27-3

RDDATA, Read Data 83-1

RDDATA-

RDL, RDL- Read Latch 83-1, 83-5

RDOP Read Operation 83-1, 83-5, 27-1
27-2, 27-3

RDSC - Read Sync F/F 83-1

RDST - Read Start 27-1

RQENB, RQENB- Request Enable 27-1, 27-3

RSGOA- Error on drawing S/B RSGO 83-1

RSGO- Read Sector Go 83-1, 27-1

RST - Reset 83-1, 83-4, 83-5,
27-1, 27-2

RWOP Read/Write Operation 83-1, 83-4

SA10 - SA13 Subsector Address 0 through 3 83-1, 83-4

SALOS- Subsector Address Load One-Shot 83-1, 83-3, 27-1,
27-2

SARST Sector Address Reset 83-4

SARSTA Should be SARST 83-1

SCLK Sector Clock 83-1, 83-5

SCOPCK Sector Continue Operation Clock 83-2, 83-5, 27-1,
27-3

SCSYN Sector Clock Sync 83-1, 83-4

SELB Select Busy 27-1

SELD Select Done 27-1

SEQL, SEQL- Sector Equal 83-1

SEQLEN Sector Equal Enable 83-1, 83-4

SRO00 - SR15 Shift Register Bit Zero - Fifteen 83-3, 83-5

SRCL Shift Register Clock 83-1, 83-3

SRCLKW Shift Register Clock Write 83-1, 83-5

SRLD- Shift Register Load 83-1, 83-3, 83-5

SRLDENW - Shift Register Load Enable Write 83-1, 83-3

SRCLKR- Shift Register Clock Read 83-2, 83-5, 83-~1

STATIN Status In : 83-2, 27-1, 27-2

STCLD- Word Transfer Counter Load Used only with 27-1, 27-2

a DOC Instruction

STRT Start 27-1

TAO - TAS Track Address Zero - Eight 83-4, 83-5, 83-2

TMERRD- Timer Error Read 83-1

TMERWR Timer Error Write 83-1

TSASET Track/Sector Address Set 83-1, 83-4, 27-1

UACHG- Unit Address Changing 83-1, 83-4

USEL2 Unit Select Two 83-4

USEL1 Unit Select One 83-4

USELS3 Unit Select Three 83-4

*The first two digits refer to the last two digits of the schematic number, third digit refers

to sheet number.
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TABLE 4-1. SIGNAL DEFINITION AND MNEMONICS (continued)

Mnemonic Term Signal Definition Location*

USELO0- Unit Select Zero 83-4

WCLK Write Clock Out 83-1, 83-5

WCLKDI Write Clock Out Delay 83-1, 83-5

WCO-WC3 Word Count Zero - Word Count Three 83-1

WEO0-WE3 .

WRL, WRL- Write Latch 83-1, 83-5

WROP Write Operation 83-1, 83-3, 83-5,
27-1, 27-2, 27-3

WRITE- Write 83-5, 83-6

WRSC, WRSC - Write Sync flip-flop 83-1

WRT - Write to Disc 83-6

WSGO, WSGO- Write Sector Go 83-1, 27-1

WTST - Write Start 27-1

*The first two digits refer to the last two digits of the schematic number, third digit refers
to sheet number.

4-5 OVERALL SYSTEM THEORY OF OPERATION

The 8011 Disc Memory Controller is normally connected to the Nova Computer 1/0
bus along with other peripheral devices such as magnetic tape units, paper tape readers,
line printers, etc. Each device connected to the I/0O bus is assigned a device code (octal)
and a mnemonic designation. The controller has device code 20 or 60 with mnemonic DSK.
The computer processor selects a device by placing the device code (bits 10 through 15 of
the I/0 instruction word) on lines DSO through DS5 during the execution of an I/O instruc-
tion. Only the selected device responds to the control signals generated during the instruc-
tion.

4-6 DATA-OUT AND DATA-IN TRANSFERS

For data-out transfers, the controller is selected for operation by the DOA and DOB
instructions that are issued by the processor. The DATOA and DATOB signals are sent
from the processor to the adapter PC board as a result of the instructions. The IOPLS
signal sent from the processor to the PC board adapter, PC board causes the selected
busy (SELB) signal from the adapter board to the processor to become true.

The DCHP signal is sent from the processor to the adapter board at the start of the
data cycle. When the RQENB signal is sent from the processor to the adapter board, the
DCHR signal to the processor becomes true.

The address information placed on the data lines as a result of the DOA instruction
is sent to the unit, track and sector registers of the controller. The initial address infor-
mation of the DOB instruction is sent to the core memory address register on the adapter
board. The DATOA signal causes the unit, track and sector registers to be loaded, and
the DATOB signal causes the core memory address register to be loaded.

The DCHA signal sent by the processor to the adapter PC board causes the DCHMO

signal to the processor to go high, indicating a data-out transfer. This also causes the
initial address to be read out from the core memory address register to the processor.
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The sector address is applied to the sector equal detection circuit on the formatter
board where it is compared with the information from the current sector location counter.

SYMBOL TABLE SYMBOL TABLE
INVERTER NOR
A x A B X
A ——-{>o-— X o 1 A X o o
o I O
| 0 B | 0O O
B o I 10
X=A X = ATB
AND EXCLUSIVE OR
A B X A B X
A — « 0O 0o o A :)D_ y O 0 o
— o 1 o0 o I 1
B — I o O B o B
: T . I 1 o
X = AB X = AB+AB

D-TYPE FLIP-FLOP

NAND —1p PRol— - 5T 5
A B X PRICLR | D Q
A — < o o I h E 'Ij h
B — ° o H|l H | H|lH]|L
~ A e sl H el lw

X = AB c(ui_)R

JK FLIP-FLOP
P t t
OR — ol— n n+l

w >
>
—-——00 >
—-0O—-0 w
—-——=-0 X
——00 -
-0-0 R
“Og)

x
i
>
+
ov)
—qo

Figure 4-1. Logic Symbols
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The data word from the processor is sent through the adapter board to data selec-
tors on the formatter board. It is then transferred through these data selectors to the data
register to a 16-word buffer and then to the shift register.

When the sector address applied to the sector equal detection circuit is equal to
the sector address on the disc, the data is serially shifted out of the shift register and is
written on the disc when the WRITE signal from the formatter board is applied to the disc
unit.

At the end of the data-out transfer (256 words) when the last data word has been
written, the selected done (SELD) sighal from the adapter board to the processor becomes
true.

For data-in transfers, the controller is selected for operation and the DOA and
DOB instructions are issued by the processor. The STRT signal sent from the processor
as a result of one of the instructions is applied to the adapter PC board. This causes the
SELB signal to the processor to become true.

The DCHP signal is sent by the processor to the adapter board at the beginning of
the data cycle. When the RQENB signal is sent from the processor, the DCHR signal to
the processor becomes true. The unit, track and sector address information is loaded in-
to the unit, track and sector registers when the DATOA signal is sent from the processor.
The initial address information is loaded into the core memory address register when the
DATOB signal is sent from the processor.

The sector address information is applied to the sector equal detection circuit
where it is compared with the information from the current location counter. When the
addresses are equal, the READ signal to the disc unit becomes true. At approximately
16-bit times later, the first bit of data is read from the disc.

The bits read from the disc are serially shifted into the shift register until a 16-
bit word is formed. The data word is then transferred in parallel through the 16-word
buffer to the data register through the adapter PC board where it is strobed to the proc-
essor when the DATIA signal is sent from the processor to the adapter board.

When the last (256 words) of the data-in transfer has been transferred to the proc-
essor, the SELD signal to the processor becomes true.

The preceding paragraphs pertained to sector operation. When subsector opera-
tion is used, the word transfer counter is loaded at the start of a data transfer with 12 data
bits (04 through 15). These bits define the length of operation in terms of subsectors. A
more detailed theory of operation for write and read operations is given in paragraphs 4-57
and 4-58.

4-7 PROGRAM INTERRUPT

When the processor uses a mask to set up the program interrupt, it executes the
same sequence as for a data-out transfer, except that it generates MSKI (in place of the
DATOA signal) to set up the interrupt disable flags in all devices according to the infor-
mation on the data lines.

When the controller and the other devices connected to the I/O bus complete an

operation, they set their don flag. At the beginning of every memory cycle, the processor
generated the request enable (RQENB) signal to allow all devices on the bus to request
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program interrupts or channel access. If the done flag of a device is set and its inter-
rupt disable flag is clear, the leading edge of the RQENB pulse is used to set the INT REQ
flip-flop to ensure sufficient time for the serial INTP function to be completed before the
processor attempts to discover which device has priority. The processor issues INTP IN
to a device only if there is no INT REQ flip-flop set in a device closer to the processor on
the I/0 bus. The closest device that has its INT REQ flip-flop set terminates the INTP
signal.

The processor aknowledges an interrupt by generating the INTA signal. If a device
receives the INTA signal while it is also receiving the INTP signal and its INT REQ flip~-
flop is set, it places its device code on DATA 10 through DATA 15 lines to the processor.
The processor strobes the data containing the device code into the specified accumulator
at the end of the INTA level.

During an interrupt, the processor can also determine which device requires
service by sensing the busy or done signals. When the processor is to use the same de-
vice again after interrupt, it clears the done signal so that the device does not immedi-
ately request an interrupt when the interrupt system is reintiated and its interrupt disable
signal is cleared. When the done signal is cleared, it causes the INT REQ flip-flop to be
cleared. This disables the INTR signal, preventing the device from requesting an inter-
rupt.

4-8 DATA CHANNEL REQUESTS

The sequence of events that occur during a data channel request are similar to the
events that occur during an interrupt request. FEach device connected to the I/0 bus has
a DCH SYNC flip-flop which controls the logic state of its done signal to the processor.
Each device has a DCH REQ flip-flop (data channel request flip-flop) and a net for trans-
mitting the serial priority signal to the next device. When a device receives the input
DCHP signal (data channel priority) and its DCH REQ flip-flop is clear, it transmits the
DCHP signal to the next device. The first device that has its DCH REQ flip-flop set
terminates the DCHP signal. When this flip-flop is set, the next RQENB signal from the
processor sets the DCH REQ flip-flop in the device. This causes its DCHP signal to the
processor to become true. The DCH REQ flip-flop is set on the leading edge of the RQENB
signal to ensure sufficient time for the serial DCHP function to be completed.

When a device is waiting for access to the data channel, the processor generates
DCHA after the RQENB signal goes false in the final cycle of an instruction. The leading
edge of the DCHA signal sets the DCH SEL flip-flop in the nearest device that is request-
ing service. This device must be receiving the input DCHP signal and have its DCH REQ
flip-flop set. The device that has its DCH SEL flip-flop set places the memory address
to be used for data channel acess on data lines 1 through 15 to the processor for the dura-
tion of the DCHA signal. When the DCHA signal goes false, the processor strobes the
address into its memory address register.

When the DCH SEL flip-flop is set in the controller, the DCHMO signal to the
processor is enabled. This signal becomes true (low) for a data-in (read) transfer and
becomes true (high) for a data-out transfer (write). The DCHA signal that sets the DCH
SEL flip-flop also clears the DCH SEL flip-flop in all other devices, thus preventing con-
flict with other cycles. '

The leading edge of the DCHA signal also clears the DCH SYNC flip-flop (done

flag). When the next RQENB signal is generated by the processor, the leading edge of
the RQENB signal sets request flip-flops in other devices on the I/0 bus while it clears
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the DCH REQ flip-flop in the device previously having access to the data channel.

When the DCHA signal goes false during a data-in transfer from the controller, the
processor generates the DCHI signal and the final instruction cycle is extended while the
DCHI signal holds the contents of the data register of the controller on the I/O bus. When
the DCHI signal becomes false, the processor strobes the data into its memory buffer and
begins the next processor cycle by generating the REQ NB signal which causes the DCHR
signal to the processor to go false. During the data-out (write) cycle, the processor stores
the data in the addressed memory location.

When the DCHA signal goes false during a data-out transfer to the controller, the
processor begins the next cycle by generating the RQENB signal which causes the DCHR sig-
nal to become false. During the data-out (write) cycle, the processor retrieves a data word
from the addressed memory location and brings it into the memory buffer. The data-out
cycle is completed when the processor places the contents of the memory buffer on the data
lines to the controller and generates the DCHO signal to load the data word into the con-
troller data register.

4-9 MULTIPLE REQUESTS FOR DATA CHANNEL ACCESS

If the DCH SYNC flip-flop in the device that is being serviced is clear (done signal
false) at the leading edge of the RQENB signal in the data channel cycle, the RQENB signal
clears the DCH REQ flip-flop in that device. However, if the DCH SYNC flip-flop is already
set again (done signal true), the DCH REQ flip-flop stays set. This causes a second data
channel access request to be initiated by the device. In either case, the RQENB signal sets
the request flip-flops in any other device on the I/O bus that may require service.

If there is a second request from a device, the processor generates a second DCHA
signal after completing whatever operations are necessary for the first data channel access.
For a data-in transfer, the second DCHA signal is generated when RQENB for the second
request becomes false. This occurs preceding the transfer of data. For a data-out trans-
fer, the second DCHA signal is generated following the transfer of data. The second DCHA
signal sets the DCH SEL flip-flop in all other devices. The second DCHA signal also initi-
ates the operations necessary to prepare the third transfer of data. Multiple data channel
requests occur every other RQENB.

4-10 WRITE OPERATION

A block diagram of a typical write operation is given in figure 4-2. For simplicity,
the interrupt signals are not shown. The controller is selected for operation by the pro-
cessor, and the DOA and DOB instructions and the DOTOA and DATOB signals are generated
as a result of the instructions. The IOPLS signal, generated by the processor in accordance
with the instruction, is applied to the adapter PC board and sets the WROP flip-flop. This
causes the SELB (selected busy) signal to the processor to become true. The DONE flip-
flop is reset by the INIT C signal at the same time that the WRIP flip-flop is set. The
START signal also becomes true at this time.

The DCHP signal is generated by the processor at the start of the data cycle. When
the RQENB signal is generated by the processor, the DCH REQ flip-flop is set, and the
DCHR signal to the processor goes low. This also enables the DCH SEL flip-flop. The
address information, placed on the data lines as a result of the DOA instruction, is applied
through the processor data bus of the adapter board and through the formatter/adapter
board common bus to the unit, track and sector registers on the formatter PWBA. The DOB
initial address information is applied through the processor data bus to the cor memory
address register on the adapter board. The unit, track and sector address information is
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loaded into the unit, track and sector registers when the DATOA signal from the processor
causes the TSASET signal to become true. The core memory address register is loaded
when the DATOB signal from the processor causes the TSASET signal to become true. The
core memory address register is loaded when the DATOB signal from the processor causes
the MASET signal to become true. The DCHA signal generated by the processor sets the
DCH SEL flip-flop. This causes the DCHADG signal to go low (true) and the DCHMO signal
to the processor to go high, indicating a data-out (write) operation. The DCHADG signal is
applied to the register on the data processor bus that contains the initial address from the
core memory address register. This causes the initial address to be read out to the proc-
essor. The low DCHADG signal also presets the DCH BSY flip-flop, enabling data transfer.

When the DOC instruction is used for subsector operation, the subsector address
is loaded into the subsector address register when the DATOC signal from the processor
causes the STCLD signal to go true, presetting the DOCX flip-flop. For this operation, the
contents of accumulator bits 4 through 15 are loaded into the word transfer counter. The
12-bit number expresses the length of operation in terms of numbers of subsectors. This
number is a number in two's complement. The total number of words transferred is that
which is specified by the subsector number.

The unit track addresses are sent to the disc memory units, and the sector n
address is applied to the sector equal detection circuit where it is compared with the infor-
mation from the current location counter.

The data word from the processor is applied to the data selectros and registers
Ul5, U16, U17, and U18 through the processor data bus and the adapter/formatter PWBA
common bus. During the write operation, the WROP signal is high and causes a low input
to be applied to the WORD SELECT (pin 10) input. The data selectors and registers are
quadruple two-input multiplexers each of which select four input DBO data lines from the
formatter/adapter common bus when the WORD SELECT input is low. Each of the data
selectors and registers is clocked by the inverted DRSET clock pulse which is derived from
the DCHO pulse from the processor. When the data selectors and registers are clocked by
the inverted DRSET clock pulse, the DBO data is transferred to data selectros U29, U30,
U31, and U32.

Data selectros U29, U30 and U32 are quadruple two-line to one-line data selector/
multiplexers. Since the STROBE input of all of these data selectors is connected to ground,
the high WROP input to the SELECT terminal of each data selector causes its four DBO input
signals to be transferred to its output. This applies the DBO data signals to the 16 word
read/write memories U43, U44, U45 and U46. The read/write memories store a total of
16 words of 16 bits per word. The address signals are applied to the memories from the
buffer/processor access counter through the buffer address switch. Since the MEM terminal
of each memory is connected to ground, the BFLDPS signal which goes low for each word
transferred during a write operation causes the four bits of DBO data at the input of each
memory to be written into the 16 word memory at the address established by the buffer
address signals. The words are loaded into the memories until the memories are full.

With the buffer full and a sector pulse, the WSGO signal goes low. This selects the buffer
disc access counter for operation through the buffer address selector switch. The first
word is then read out of the memories and appears at the output in the complement form.
This causes the DBO data to be transferred to the 4-bit shift registers U57, U58, U59, and
U60. The DBO data is loaded into the shift registers by the low SRLD clock when the SRCL
clock pulse goes high. When each word is written into the memories the buffer contents
counts up. When each word is read from the memories, the counter counts down. During
the write operation, the sector bit and word control logic count the number of bits written
and generates control signals.
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When the sector address applied to the sector equal detection circuit is equal to the
selector address on the disc, the write signal flip-flop is conditioned high at the same time
that the SRLD signal goes high. The loading of the first word into shift registers U57 through
U60 causes the first bit (SROO) to be applied in the complimentary form to the write data
logic in the disc interface circuit. This conditions the WRITE DATA flip-flop in accordance
with the logical state of the bit. When the WRITE DATA flip-flop is clocked, the WRITE
signal flip-flop is also clocked causing the WRITE signal to the disc memory unit to go low.
The bit then appears on the write data line to the disc memory unit where it is written on the
disc. Timing for the transfer to the write data line is derived from the WRITE CLOCK OUT
and SECTOR CLOCK pulses from the disc memory unit.

With each positive pulse to the SRCL input, the data is shifted serially from shift
register U60 toward SROO of shift register U57 until all of the 16 bits have been written on
the disc. The entire process is repeated using the buffer/disc access counter to read words
from the memories and the buffer/processor counter to write words into the memories until
one sector (256 words of data) has been written. If the DOC instruction is used, the number
of subsectors written is specified by the instruction.

At the beginning of each data channel cycle, the processor issues a DCHA pulse to
the adapter PC board. The DCHADG pulses, that clock the word transfer counter, are
generated by the DCHA pulses during the write operation. When each word is transferred
from the processor, the counter is clocked in the count-up direction. If subsector operation
is not used, the counter is programmed to count 256 words (one sector). When 256 words
have been transferred, the END flip-flop is set on the adapter board. The END signal is
ANDed with BFEMTY signal from the buffer contents counter and generate the ENDWEN
signal that is ANDed with the WROP signal and ENDSTR one-shot when it is triggered. When
the ENDSTR one-shot times out, it causes a low to high transition at the clock input of the
done flip-flop. When the flip-flop is set, the selected done (SELD) signal to the processor
goes low (true) and the select busy (SELB) signal goes high (false).

When subsector operation is used, accumulator bits 4 through 15 that are loaded
into the word transfer counter determines the length of operation in terms of subsectors.

The DCHADG pulses, that clock the word transfer counter, also clock the core
memory address counter in the upward direction. The contents of this counter can be read
out to the processor as means of checking the number of words transferred or for diagnostic
purposes.

At the end of each subsector, a 16-bit cyclic code word and odd parity bit are gen-
erated by the formatter PC board. The 16-bit cyclic code word is generated by a cycle code
generator and shifted serially to the data interface circuit. The bits are gated to condition
the WRITE DATA flip-flop (WRITE DATA signal to the disc memory unit) by the setting of
the CCYL flip-flop that is set after the last word counter generates the LSTWD signal. The
odd parity bit is generated by a parity bit generator and is gated to condition the WRITE
DATA flip-flop when the PTYCYL flip-flop is set after the 16th bit of the cyclic code word.

4-11 ERRORS IN WRITE MODE

Write Error. When a write operation is initiated by the processor and the selected
track-sector is write protected, the ENDER signal goes low (true) and the WPTER flip-flop
is set. The ENDER signal sets the done flip-flop, causing the SELD (selected done) signal
to the processor to go low (true). This causes the SELB (selected busy) signal to the proc-
essor to go high (false), and the INTR (interrupt request) signal to go low (true) if the INT
DSB (interrupt disable) flip-flop is not set. The WPTER and WPTER- signals are applied to
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the error register on the formatter/adapter PC board common bus. This sets bit 15 and
error bit 11 to a logical 1.

No Such Disc. When the disc or track selected by the processor is not available
on the system, the ILAER flip-flop is set, and the ENDER signal goes low (true). The
ENDER signal sets the DONE flip-flop, cuasing the SELD signal to the processor to go low
(true) and the SELB signal to go high (false). The true ENDER signal also causes the INTR
signal to go low if the INT DSB flip-flop is not set. The ILAER and ILAER- signals are
applied to the error register on the formatter/adapter board common bus. This sets bit
15 and error bit 13 to a logical 1. Y

Disc Fail. If the disc becomes not ready or the system is hung during the write
operation, the DSC FAIL flip-flop is set. The ENDER signal goes low (true) if the system
is hung. The ENDER signal sets the DONE flip-flop, cuasing the SELD signal to the proc-
essor to go low and the SELB signal to go high. The true ENDER signal also causes the
INTR signal to go low (true) if the INT DSB flip-flop is not set. The DISC FAIL and DSC
FAIL signals are applied to the error register formatter/adapter PWBA common bus. This
sets bit 15 and the 10 error bits to a logical 1.

Data Late. When the data channel fails to respond in time to a request for access,
the TMER flip-flop is set. The TMER and TMER signals are applied to the error register
on the formatter/adapter board common bus. This sets bit 15 and error bit 12 to a logical 1.

The contents of the error register is read when the processor issues a DIA instruc-
tion to read the status of the disc memory system.

4-12 READ OPERATION

A block diagram of a typical read operation is given in figure 4-3. For the sake
of simplicity, the interrupt sighals are not shown. The 8010 Disc Memory Controller is
selected for operation by the processor as described in paragraph 4-3. There are three
types of read operations. These consist of read from a disc memory unit, read the status
of the controller, and read the contents of the core memory address register. The theory
of operation of these three types of read operations is described in paragraphs that follow.

4-13 Read From Disc Memory Unit

The DOA and DOB instructions are issued by the processor, and the STRT signal
is generated as a result of one of the instructions and applied to the 8010 adapter. This
sets the RDOP flip-flop while causing the START and INIT C and INIT D signals to go low.
The INIT C signal resets the DONE flip-flop. The setting of the RDOP flip-flop causes the
SELB signal to the processor to go low (true).

The unit, track and sector address information is loaded into the unit, track and
sector registers when the DATOA signal from the processor is applied to the Nova adapter
PWBA and causes the TSASET signal to go low. The core memory address register is
loaded when the DATOB signal from the processor causes the MASET signal to go low.

When subsector operation is used, the subsector address is loaded into the sub-
sector address register when the DATOC signal from the processor causes the STCLD
signal to go low, presetting the DOCX flip-flop. The low STCLD signal also loads bits 4
through 15 into the word transfer counter. The 12-bit nhumber expresses the length of the
operation in terms of subsectors.
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Figure 4-3. Read Operation Block Diagram
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The unit select and track address information is sent to the disc memory units, and
the sector address information is applied to the sector equal detection circuit where it is
compared with the information from the current location counter. When the addresses are
equal, the READ signal flip-flop is set and the READ signal to the disc memory unit goes low.
At approximately 16 bit times later, the first bit of data is read from the disc.

The first bit of data is applied to the four-bit shift register U60. During the shift
operation, the SRLD signal is held high and the first bit of data is entered into U60 when the
SRCL clock pulse occurs. The serial shifting process from U57 to U57 is repeated with
each clock pulse until shift registers U57 through U60 contain the first data word (16 bits)
read from the disc.

During the read operation, the WROP signal is low producing a low input at the
SELECT inputs of U29 through U32. This selects the SR data input lines from shift registers
U57 through U60. Since the STROBE input of U29 through U32 is grounded, the SR data is
transferred in parallel through data selectors U29 through U32 to the input of memories
U43 through U46.

Since the MEM input of memories U43 through U46 is grounded and the BFKDR
signal goes low when 16 bits are in the shift register, the low signal applied to the WRITE
ENABLE input of the memories causes the SR read data to be loaded into the memories
since the address is applied from the buffer/disc access counter through the selector switch.
When the BFLDR pulse goes high, the buffer disc access counter is advanced, after a delay,
to the next higher address.

After the first word is written in the memories, through multiplexers U29 through
U32, the buffer/processor access counter is selected and reads the complement of the word
from the memory. This applies the word to data selectors U1l5 through U18. After a delay
the buffer/processor access counter is advanced when the first DRSETBF low pulse goes
high.

During the read operation the WROP signal is low and causes a high input at the
WORD SELECT input of Ul15 through U18. This selects the BF 00 through BF15 inputs from
memories U43 through U46. The data is clocked to the outputs of U1l5 through Ul18 DRSET
pulse that is derived from the first DRSETBF pulse. This pulse is generated as a result of
read, buffer registers are empty, and data register not full. The DRSETBF pulses that
follow are generated as a result of the data register being emptied by the DCHI signals from
the processor. This is where the RQENB, DCHR, DCHPIN and DCHMO should be. If the
first DCHI signal does not arrive immediately, loading of the memories still continues.
When a word is loaded into the memories, the buffer contents counter counts down. During
the read operation, the sector bit and word control logic count the number of bits read and
generate control signals.

The outputs from U15 through U18 are applied to the data register on the formatter/
adapter PWBA common bus. During the read operation, the DRGAT signal goes low when
the RDOP flip-flop is set and DATIA signal is applied from the processor. The low DRGAT
signal strobes the data word through the register to the formatter/adapter board common
bus. The data word passes through the formatter/adapter PWBA common bus to the data
register on the processor data bus. The low DCHIN signal derived from the DCHI signal
from the processor strobes the data word through the register to the processor.

The entire read process is repeated for each data word cycle code word and parity

bit read from the disc. At the end of each subsector the cyclic code word and the parity bit
are read and a read error check is performed. During the read operation, the core memory
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address register counter and the word transfer counter are clocked by the DCHADG pulses
that are derived from the DCHA pulse from the processor. At the beginning of each data
channel cycle, the processor generates at DCHA pulse and applies it to the data channel
transfer control circuit on the adapter board. When the length of operation is in terms of
sectors, the core memory address register counter provides the count for setting the END
flip-flop. The word transfer counter is advanced with each DCHA pulse until 256 words have
been transferred. If the BFEMTY signal from the buffer contents counter is high when the
256 count has been reached, the END signal flip-flop is set through its preset input. The
END signal is ANDed with the RDOP and DRCNC signals that are caused to be derived from
the processor by DCHI signal. When the DCHI signal goes high, the resultant signal sets
the DONE flip-flop, and the SELD signal to the processor then goes low.

4-14 ERRORS IN READ MODE

No Such Disc. When the disc or track selected by the processor is not available
on the controller, bit 13 is set for a logical 1, SELD signal to the processor goes low,
SELB signal to the processor goes high, and an interrupt request is generated by the for-
matter/controller logic boards in the same manner as for No Such Disc error during a
write operation (paragraph 4-11).

Disc Fail. If the disc becomes not ready or the system is hung during a read
operation, the DSK FAIL flip-flop is set. The DSK FAIL and DSK FAIL- signals are
applied to the error register on the formatter/adapter board common bus. This sets a
logical 1 bit in bit 10 of the error bits and also sets a logical 1 in bit 15. The ENDER
signal goes low if the system is hung. The ENDER signal sets the DONE flip-flop causing
the SELD signal to the processor to go low and the SELB signal to go high. The true ENDER
signal also causes the INTR signal to go low if the INT DSB flip-flop is not set.

Data Late. When the data channel fails to respond in time to a request for access
during a read operation, the TMER flip-flop is set. The TMER and TMER- signals are
applied to the error register on the formatter/adapter board common bus. This sets a bit
15 and error bit 12 to a logical 1.

Data Error. If the cyclic code word or parity bit read from the disc differs from
the code word and parity bit computed by the read check circuitry for the data in the sub-
sector, the RDER flip-flop is set. The RDER and RDER- signals are applied to the error
register on the formatter/adapter board common bus. This sets bit 15 and error bit 14 to
a logical 1.

4-15 Read Status of Disc Memory System

The error register on the formatter /controller board common bus contains the
errors (if any) from the previous operation. The six errors that the register may contain
are described in paragraphs 4-11 and 4-14.

To read the status of the disc memory system, the processor issues a DIA instruc-
tion. The DATIA signal applied to the adapter PC board as a result of the instruction causes
the STATIN signal to go high (true). The STATIN pulse strobes the contents of the error
register through the formatter/adapter board common bus to the processor data bus. On
the processor data bus, the inverted STATIN pulse strobes the error bits to the processor.
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4-16 Read Contents of Core Memory Address Register

One of the data registers on the processor data bus contains the inputs from the
core memory address register on the adapter PC board. The core memory address regis-
ter bits from the processor. During a write or read operation, the counter is advanced by
a DCHADG pulse at the beginning of each data cycle.

To read the contents of the core memory address register, the processor issues
a DIB instruction. The DATIB signal, generated by the processor as a result of the instruc-
tion, is applied to the adapter board and causes the MAIN signal to go low. The MAIN sig-
nal is applied to the register on the data processor bus that contains the inputs from the
core memory address register. This causes the contents of the register to be read out to
the processor. If the system is busy when the DIB instruction is issued, the contents of the
core memory address register is presented as logical 0's.

4-17 DIAGNOSTIC MODE

In the diagnostic mode of operation, the processor issues a DOB instruction con-
taining a logical 1 in accumulator bit 0. This places the controller in the diagnostic mode.
The processor then transfers 16 words, using the memories U43 through U46 as described
in the write operation in paragraph 4-10. During the diagnostic mode of operation the
buffer/processor access counter supplies addresses to the memories through the buffer
address switch. The 16 words are then read back to the processor through the data selec-
tors and registers U1l5 through U18 as described in the read operation of paragraph 4-12.
To read the 16 words out of the memories, -the write enable input is held high and since the
memory enable signal is grounded, the words are read out of the memories when the
address signals are applied from the buffer address switch.

4-18 ADAPTER BOARD DETAILED CIRCUIT DESCRIPTION

The following paragraphs describe the logic circuits whithin the adapter PC board
of the controller. The information contained in the descriptions is taken from the sche-
matic diagram 1940027, sheets 1 through 3.

4-19 INITIATION AND DONE CONTROL (1940027, SHEET 1)

The initiation and done control logic contains the logic for selecting the 8010 Disc
Memory System for operation and the logic for the various initiation control signals from
the processor. It also contains the WROP and DROP flip-flops that control the SELD-
signal to the processor, the DONE flip-flop that controls the loading of the word transfer
counter and subsector address register during subsector operation.

4-20 Device Selection

The DS0- through DS5- signals are applied from the processor to select the 8010
Disc Memory System for operation. To select the disc memory system, DS0- must be
high, DS1 must be low, and DS2 through DS5- must be high. This code (010 000) corre-
sponds to octal 20, the code for the disc memory system. With this code applied from the
processor, the output from U41-13 goes high. This high output is applied to U15-3 and
U16-13, enabling the DATIA and CLR signal gates. This output is also applied to U27-9.
If neither the WROP or RDOP flip-flop is set, the input to U27-10 is high. This causes the
output from U27-8 to go high. This high output is applied to U3-3, U17-5, U17-13, U17-11,
U16-11 and U16-3. This enables the DATOA, DATOB, DATOC, IOPLS, STRT and SATIB
signal gates.
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The high output from U41-13 is also applied to U5-13 and U5-5, enabling the SELB-
and SELD- signal gates.

4-21 Initiation Logic

The IOPLS signal (write operation) applied to U17-9 or the STRT signal (read
operation) applied to U16-9 causes the INIT signal at U53-8 to go low, the INIT D signal at
U40-12 to go high and the INIT C- signal at U48-8 to go low. The inverted INIT C signal
at U48-8 resets the DONE flip-flop at U56~13 causing the SELD- signal to the processor to
go high (false). The IOPLS or STRT signal also causes the START signal at U4-11 to go
high. The STRT signal generates the RDST - signal that sets the read latch U55-8 and
U42-10 signal circuit during a diagnostic read operation.

On the trailing edge of the IOPLS or STRT pulse, the WROP or RDOP flip-flop is
set. This causes the SELB signal at U5-11 to go low (true). This signal is applied to the
processor to indicate selected busy (busy flag).

During a write operation, the DATOA signal is applied to U3-5. The output at
U3-6 goes low, causing the TSASET signal of driver U19-4 to go low. The TSASET - signal
is used to load the unit, track and sector address registers with the address contained in
the DOA instruction.

During a write operation, the DATOB signal is applied to U17-4. The output
MASET - signal at U17-6 goes low. The MASET- signal is used to load the core memory
address register with a starting core address contained in the DOB instruction.

When subsector operation is used, the DATOC signal is applied to U17-2 and the
STCLD output at U17-12 goes low. The low STCLD output from U17-12 presets the DOCX
flip-flop and the DOCXA signal at driver U22-2 goes high. The low output from U17-12 is
the STCLD- signal that is applied to the word transfer counter to load bits 4 through 15 of
the DOC instruction into the counter (specifying the length of operation in terms of sub-
sectors). The DOCX signal at U56 is used to apply the subsector address register. The
DOCX- signal and the START signal are ANDed at U59-11 and used to load the subsector
address into the register.

When the status of the disc memory system is ready, the DATIA signal is applied
as a result of the DIA instruction to U15-5. The output at U15-6 goes high, causing the
STATIN signal at driver U19-2 to go high. The STATIN- signal strobes the contents of the
error register on the formatter/adapter common bus to the processor data bus where the
STATIN- signal strobes the error data to the processor.

When bits 8 and 9 (F) of the instruction contain a logical 1 (clear function) the
signal is applied to Ul6-1. This causes the clear output at U16-12, and U27-3 to go low.
This generates the INIT- signal at U53-8, the INIT-D signal at U40-12 and the INIT-C
signal at U48-8. This clears the RDOP, WROP, DOCX, DONE, DCM, REQ and all other
flip-flops that are cleared by the INIT signals. This also causes the SELB- signal to the
processor to go false (high).

When the IORST signal is generated as a result of the instruction by the processor,
or when the console RESET switch is pressed to clear all control flip-flops in all inter-
faces connected to the I/0 bus, or at power turn on, the input to U4-9 goes high. The
output from U4-8 goes low, generating the RST - signal. This also causes the output from
U27-3 to go low, generating the INIT-, INIT-D and INIT-C signals. This resets all control
flip-flops.
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4-22 Done Control

The DONE flip-flop U56 is set at the end of a write operation or at the end of a
read operation, and when a write error (write protect) occurs. No such disc error signal
or disc fail error signal occurs during an operation.

At the end of a write operation, the END flip-flop is set on the Nova adapter PWBA,
This causes the input to U28-1 to go high. If the BFEMTY signal from the buffer contents
counter is high (memory buffer empty), the output from U28-3 goes low, causing a high
input at U21-2. Since the WROP signal is high during the write operation, the input to
U21-1 is high. If the ENSTR one-shot U64 has been triggered at the end of the parity cycle,
the input to U21-13 goes high and the output at U21-12 goes low, enabling the DONE flip-
flop input at U56-11. When the ENSTR one-shot times out, the transition from low to high
at U56-11 sets the DONE flip-flop.

At the end of a read operation, the END flip-flop is set on the Nova adapter PWBA
causing the input to U57-2 to go high. Since the RDOP signal is high during a read opera-
tion, the input to U57-1 is high. The DRCNC signal at U57-13 is derived from the DCHI
signal from the processor. This causes the output from U57-12 to go low enabling the
DONE flip-flop with a low input at its clock input U56-11, When the DCHI signal from the
processor goes low (false), the transition from low to high at U56-11 sets the DONE flip-
flop.

If a write protect error, no such disc error, or disc fail error occurs during an
operation, the ENDER- signal at U15-10 goes low and then goes high, causing a low to
high transition at the clock input U56-11 of the DONE flip-flop. This sets the DONE flip-
flop.

During a diagnostic write operation, the WROP signal at U42-2 is low and the
DIAGM- signal at U43-3 is low. This causes a high output from U42-1 that is applied to
U55-4. When the BFFUL signal at U55-5 from the buffer condition decoder goes high at
the count of 16, the output from U55-6 goes low, presetting the DONE flip-flop.

4-23 WRITE AND READ SECTOR GO LOGIC (1940027, SHEET 1)

The write sector go logic generates the WSGO- signal at the start of a write opera-
tion, and the read sector go logic generates the RSGO- signal at the start of a read opera-
tion.

The BUFFS signal to the buffer contents counter is set by a latch at the start of
a diagnostic read operation, so that it programs the buffer contents counter properly for
the countdown sequence.

4-24 Write Sector Go Logic

When the DIAGM signal from the core memory address register is low (not diag-
nostic mode) and the BFFUL- signal from the buffer condition decoder is low (memory
buffer full), the inputs to U42-12 and U42-11 are low. This causes the output from U42-13
to go high. This conditions write sector go flip-flop U49 with a high input at U49-12, If
the read sector go flip-flop U49 is not set, the input to U44-5 is low, and since the write
sector go flip-flop is reset, the input to U44-6 is also low. This causes the output at U44-4
to go high. When the SCOS (sector clock one-shot) is triggered by the SCSYN- pulse, the
SCOPCK signal goes high. The high SCOPCK signal is applied to U57-10 and also causes
the write sector go flip-flop U49 to be clocked through gate U20. This causes the WSGO-

4-19



signal at U57-8 to go low (true). When the SCOS one-shot times out, the WSGO- signal at
U57-8 goes high (false). The write sector go flip-flop is reset by the INIT signal at U41-8
or by the high signal at U41-9 at the end of the write operation when the END and BFEMTY
signals are both high. When doing more than one write, the first WSGO is generated by
WRSC (low), RDSC (low) and SCSYN (low) which generate SCOS (low); which, in turn, gener-
ates SCOPCK (high) which generates WSGO (low). Subsequent WSGO signals are generated
by LSTWD (high) followed by CCYL (high), PTYCYL (high), ENDSTR (low), and SCOPCK
(high) which generates WSGO (low).

4-25 Read Sector Go Logic

When the RDOP signal at U4-1 (B3) is high and the BFEMTY signal from the buffer
contents counter is high, the output from U4-3 goes low. This low output is applied to
U42-5. If the DIAGM signal from the core memory address register is low, the read sec-
tor go flip-flop U49 is conditioned with a high input at U49-2. If the write sector go flip-
flop U49 and the read sector go flip-flop U49 are both reset, the output from U44-4 goes
high. When the SCOS one-shot in the end control circuit is triggered by the SCSYN- pulse,
the SCOPCK signal goes high. The high SCOPCK signal is applied to U57-4 and also causes
the read sector go flip-flop to be clocked through gate U20. This causes the RSGO- signal
at U57-6 to go low (true). When the SCOS one-shot times out, the RSGO signal goes high
(false). The read sector go flip-flop is reset by the low signal at U20-5 at the end of the
read operation. Subsequent RSGO signals are generated by LSTWD (high) followed by CCYL
(high), PTYCYL (high), ENDSTR (low), and SCOPCK (high) which generates RSGO.

At the start of a diagnostic read operation, the STRT signal from the processor
causes the RDST - signal at U55-10 to go low. This sets the latch composed of the two low-
true NOR gates Ub55. This sets the input at U42-8 low. Since the input at U42-9 is low,
the BUFFS signal at U42-10 goes high. This programs the buffer contents counter properly
for the diagnostic read operation. During all other operations, the BUFFS signal is held
low.

4-26 INTERRUPT CONTROL (1940027, SHEET 1)

The Interrupt control logic contains the interrupt mask flip-flop that allows the
processor to set up priorities for the program interrupt and the INT REQ internal request
flip-flop that generates the INTR- signal to the processor to request a program interrupt
or channel access.

4-27 Interrupt Mask

When the processor issues a mask out instruction to set up priorities for the
program interrupt, bit 9 of the accumulator bits is used as the mask bit for the 8010 Disc
Controller. If the disc controller is not one of the devices having priority for the interrupt,
the D09 signal applied to U62-2 of the INT MSK flip-flop is high. When the MSKO- signal
is applied from the processor, the output from U2-6 goes high. This sets the INT MSK
flip-flop U62, causing the input to Ul1-13 to go low. This disables the INTR- signal to the
processor, since the INT REQ flip-flop U62-9 cannot be set by the RQENB clock pulse.

4-28 Interrupt Request

If the controller is one of the devices having priority for the interrupt, the INT
MSK flip-flop is not set. This causes the input of U1-13 to be high. If the DONE flip-flop
U56 is set, the input to Ul-12 is also high. This conditions the INT REQ flip-flop U62 with
a high input at U62-12, When the next RQENB signal is sent from the processor, the INT

4-20



REQ flip-flop is set on the leading edge of the RQENB pulse.

The INTPIN- signal from the processor is applied to U7-9. This causes a high
input at U8-5. If the INT REQ flip-flop U62 is not set, the INPOT - signal at U8-6 goes high.
This signal is sent to the next device connected on the I/O bus. If the INT REQ flip-flop is
set, the INPOT signal at U8-6 goes low disabling priority to all other units on the 1/O bus.
When the INTA (interrupt acknowledge) signal is applied from the processor, the output
from U1-8 goes high; this causes a high input at U53-5. If the INTPIN signal is high at
U53-4 and the INT REQ flip-flop is set, the INTACK signal at U53-6 goes low. The INTACK-
signal is applied to data lines DATA11 to the processor. Since data lines DATA10 and
DATA12 through DATA15 are logical 1's, the device code of the disc memory system,

010, 000 is sent to the processor. This identifies the disc memory system as the device
requesting the interrupt.

4-29 CORE MEMORY ADDRESS REGISTER AND WORD TRANSFER COUNTER
(1940027, Sheet 2)

The core memory address register is a 16-bit binary counter that is loaded with
the initial starting address for the operation. During the operation, the counter is ad-
vanced by DCHADG- pulses when each word is transferred. The contents of the register
are read out to the processor at the start of an operation and can be read out at other times
as a means of checking the number of words transferred, or for diagnostic purposes.

4-30 Core Memory Address Register

When the DOB instruction is issued by the processor, accumulator bits 0 through
15 (D100 through D115) are applied to the core memory address register. These bits con-
tain the initial starting address for the operation. When the DATOB signal is generated by
the processor, the MASET signal goes low. This low signal is applied to pin 1 of each
register and loads the 4 bits associated with that register into the register. Since registers
U36 through U39 are programmable, the outputs from the registers will assume the state of
the input signals. When the DCHADG- pulse is generated at the beginning of each data cycle,
the input to U58-11 goes low and the output at U58-10 goes high, clocking register U38. The
four registers, U36 through U38 are connected as a ripple-through binary counter. A count
of 0 to 32, 768 words can be transferred.

The outputs from the core memory address register are connected to a register
on the processor data bus and are read out to the processor at the beginning of an operation
and incremented when the DCHADG- pluse occurs. They are also read out to the processor
when the processor issues a DIB instruction. If the system is busy when the DIB instruc-
tion is issued, the contents of the core memory address register is presented as logical 0's.
The setting of the most significant bit in the core memory address register sets the con-
troller in a diagnostic mode of operation. In the diagnostic mode the 16-word buffer is
read. There are no data transfers to and from the disc during the diagnostic mode.

The core memory address register is cleared by the RST - signal applied to U27-12,
13 when the IORST pulse is generated by the processor.

4-31 Word Transfer Counter

When subsector operation is used, a DOC instruction is issued by the processor.
The starting subsector address is contained in accumulator bits 0 through 3. The length
of operation expressed in terms of subsectors is contained in accumulator bits 4 through 15.
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At the start of the operation, the START signal at U59-3 goes high when the STRT
or IPOL signal is sent from the processor. This clears counters U43, U44, U46 and U48.
When the DATOC signal is sent from the processor, the STCLD- signal goes low (true),
presetting the DOCX flip-flop. The STCLD- signal is also applied to pin 11 of counters U44,
U46 and U48. This loads data bits D04 through D15 into the counters, thereby programming
the counters for the specified length of operation. The low STCLD- signal is also applied
to Ul-4 and causes the SALOS- signal at U1-6 to go low (true). This loads accumulator
bits 0 through 3 into the subsector address register on the formatter PC board.

The programming of counters U44, U46, and U48 with bits D04 through D15 allows
multiple 1 to 4096 subsectors to be operated. When bits D04 through D15 are low (accumu-
lator bits logical 0), the length of the operation is 4096 subsectors. Since there are 16
words per subsector, 65, 536 words can be transferred.

During the operation, counter U43 is advanced with each DCHADG- pulse at the
beginning of each data cycle. Since counters U43, U44, and U46 are cascaded in a ripple-
through connection, the output at U48-12 goes high at the count programmed by D04 through
D15. This clocks the END flip-flop U60 setting the END signal at U60-5 high.

When sector operation is used, the DOC instruction is not executed, and the word
transfer counter then counts 256 words (one sector). At this count, the END flip-flop is
clocked, setting the END signal at U60-5 high.

4-32 PROCESSOR DATA BUS (1940027, SHEET 2)

The processor data bus connects the adapter PC board to the computer processor.
It receives the D00 through D15 signals from the processor, and according to the contents
of the signals, routes them to the core memory address register; the unit, track and sector
registers; the word transfer counter and, subsector register; or the data selectors and
registers. It also contains a register that stores the contents of the core memory address
register. In addition, it contains a buffer register for the data read from the disc or the
data read from the error register on the formatter/adapter common bus.

The D00 through D15 signals from the processor are each applied to an inverter
(U10 through U13). When the data lines contain the disc, track and sector address given in
the DOA instruction, the address information is applied through the adapter/formatter
common bus to the unit, track and sector registers on the formatter PC board.

When the data lines contain the initial address information of the DOB instruction,
the address information from the inverters is applied to the registers of the core memory
address register.

When the data lines contain the information of the DOC instruction, the inverted
D04 through D15 signals are applied to the word transfer counter, and the D0O through D03
signals are applied through the adapter/formatter common bus to the subsector register
on the formatter PC board.

When the data lines contain the data to be written, the inverted data from the in-
verters is applied through the adapter/formatter common bus to the data selectors and
registers on the formatter PC board.

The register for the outputs of the core memory address register is composed of

NAND gates U23 through U26. At the start of an operation after the core memory address
register has been loaded with the initial address, the first DCHADG- pulse is applied to
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Ul4-1. This strobes the initial address from the core memory address register through
the NAND gates to the data lines to the processor. When a DIB instruction is issued by the
processor, the MAIN- signal at Ul4-2 goes low. This strobes the present contents of the
core memory address through the NAND gates to the data lines to the processor.

When data is read from the disc or when the status of the disc memory system is
read, the buffer composed of NAND gates U10 through U13 is used. When the DCHIN- sig-
nal at U20-9 goes low, the data is strobed through the NAND gates to the data lines in the
processor. '

When the status of the disc memory system is read, a DIA instruction is issued
by the processor, and the contents of the error register (bits 10 through 15) on the for-
matter/adapter common bus is strobed by the STATIN signal through the formatter/adapter
common bus to NAND gates U10 through U13. The low STATIN- signal at U20-10 strobes
the contents of the error register through the NAND gates to the data lines to the processor.

The INTACK- signal at U6-11 goes low when the disc memory system has re-
quested an interrupt and has priority. This causes a logical 1 bit on line DATA11- to the
processor. Since data line D10- and data lines D12- through D15- are logical 1's (high),
the code 010, 000 (octal 20) identifies the disc memory system as the device requesting the
interrupt.

4-33 ADAPTER/FORMATTER COMMON BUS (1940027, SHEET 2)

The adapter/formatter common bus contains a buffer that receives the D00 through
D15 signals from the processor data bus and a logic circuit that provides the enabling signal
for transferring the signals to the formatter/adapter common bus. The adapter/formatter
common bus also receives the data read from the disc and the data read from the error
register on the formatter/adapter common bus. It inverts this data and applies it to the
buffer register on the processor data bus.

When the data is read from the disc, the read signals from the data selectors and
registers are strobed through the fromatter/adapter common bus to the DB00- through
DB15- inputs. Each input signal is terminated by resistive networks and applied to an in-
verter (U30, U31, U33 and U35). The inverted output signals from the inverters are applied
to U10 through U13 and are strobed to the data lines to the processor by DCHIN.

When the status of the disc memory is read, the contents of the error register
(bits 10 through 15, DB10- through DB15-) is strobed from the formatter/adapter common
bus and processor data bus to the processor. This route is the same as for the read data
signals from the formatter/adapter common bus.

4-34 DATA CHANNEL TRANSFER CONTROL (1940027, SHEET 2)

The data channel transfer control logic contains the DCH REQ, DCH SEL and DCH
BSY flip-flops. The DCH REQ flip-flops controls the DCHR (data channel request) and
DCHPOT (data channel priority out) output signals, and the DCH SEL flip-flop controls the
DHADG transfer pulses and DCHMO (data channel mode) output signal. The DCH BSY flip-
flop controls the DCH BSY (data channel busy) output signal and the gating of the input DCHI
(data channel in) and DCHO (data channel out) signals that generate the DCHI- and DRSETPS
signals respectively.

After the WROP (write operation) or RDOP (read operation), the data channel
transfer control flip—flop is set and the input to U9-4 or U9-1 goes high. For a write

4-23



operation, the DRFUL- signal at U9-5 is set high, and for a read operation the DRFUL
signal at U9-2 is set high. This causes the input to U15-1 to go high. Since the DCH BSY
flip-flop is reset at this time and the END- signal is high, the inputs to U15-2 and U15-13
are high. This causes the output from U15-12 to go high, conditioning the DCH REQ flip-
flop U61 with a high input at U61-2, When the RQENB- signal is applied from the processor
at the beginning of the memory cycle, the output from U9-8 goes high. This sets the DCH
REQ flip-flop U61-5, causing the CDHR- signal to the processor to go low (true).

The DCHPIN- signal from the processor causes a high input at U5-10. If the DCH
REQ flip-flop is not set, the DCHPOT - signal at U5-8 goes low (true). This signal is
transmitted to the next device connected on the computer I/O bus. If the DCH REQ flip-flop
is set, the DCHPOT - signal remains false giving the controller priority. The output of
U59-6 goes high, conditioning the DCH SEL flip-flop U61 with a high input at U61-12 and
enabling AND gate U59 with a high input at U59-10.

When the DCHA- signal is applied from the processor at the beginning of the data
channel cycle, the output from U2-8 goes high. This sets the DCH SEL flip-flop U61-9
and causes the DCADG- signal at U8-3 to go low. This signal is sent to the processor to
indicate a data-out transfer. For a read operation, the RD signal at U8-1 is high, causing
the DCHMO- signal to go low. This signal is sent to the processor to indicate a data-in
transfer. The low DCHADG- pulse at U58-10 loads the core memory address on the proc-
essor data bus into the core memory address register. This causes the initial address to
be read out to the processor. The low DCHADG- pulse is also applied to the preset input
of U60-10 of the DCH BSY flip-flop U60. This sets U60-9, enabling U21-11 and U21-3.
This also causes the DCH BSY signal to go high. This signal is applied to the data register
logic on the adapter/formattér common bus. During a write operation this enables the
register to transfer data from the processor to the data selectors and registers on the
formatter PC board.

During a write operation, the DCHO signal applied from the processor causes the
output from U21-6 to go low. This causes the DRSETPS- signal to go low (true). The
DRSETPS- signal is applied to the buffer and data register transfer control logic on the
formatter PWBA and generates the DRSET pulse that clocks the data into the data selectors
and registers. When the DCHO signal goes low (false), the DCH BSY flip-flop is reset.
Then the DCHA- signal for the next data word is applied from the processor and the
DCHADG- signal presets the DCH BSY flip-flop. This enables gates U21 again for the next
DCHO signal from the processor.

During a read operation, the DCHI signal applied from the processor causes the
output from U21-8 to go low. This causes the DCHIN signal to go low (ture). The DCHIN-
signal becomes the DRAVL- signal when it is applied through the adapter/formatter inter-
face. The DRAVL- signal is applied to the buffer and data register transfer control logic
on the formatter and generates the DRSET pulse that clocks the read data from the memo-
ries into the data selectors and registers. When the DCHA- signal goes low (false), the
DCH BSY flip~flop is reset. When the DCHA- signal for the next data word is applied from
the processor, the DCHADG- signal presets the DCH BSY flip-flop. This enables gates
U21 again for the next DCHI signal from the processor.

4-35 FORMATTER BOARD DETAILED CIRCUIT DESCRIPTION

The following paragraphs describe the logic circuits within the formatter PC
board of the controller. The information contained in the descriptions is taken from the
schematic diagram 1940083, sheets 1 through 6.
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4-36 POWER ON RESET (1940083, SHEET 1)

When +5 volts are applied to the formatter board during power turn-on the emitter-
base circuit of transistor at U8 (B23) generates a negative pulse in its collector circuit.
This pulse is used to reset the SEQLEN flip-flop in the sector equal detection circuit (B3).
The negative pulse applied to inverter U13-9 (C4) produces a positive pulse at U13-8. This
positive pulse resets the sector and subsector address registers.

4-37 READ/WRITE SECTOR CONTROL (1940083, SHEET 1)

The read/write sector control logic provides the control signals required for
writing and reading of a sector on the disc.

4-38 Write Sector Control

When the WCLK clock pulse at U123-3 (C3) and the SCLK clock pulse at U123-5 are
high, the SCSYN- pulse at U123-6 goes low, presetting the WRSYN flip-flop U95. At this
time, the SCOS one-shot has already been triggered, causing the WSGO- signal at U34-1 to
be low and the input to U49-1 to be high. The low WSGO- signal has also caused a low input
at U26-1 causing a high input to U49-5. After the time delay of 120 nanoseconds, a low
input is applied to U77-3, causing the SRCL signal at U77-6 to go high (refer to the Memory
Buffer and Register Loading Circuit Description).

When the SCOS one-shot times out, the WSGO- signal goes high (false). At the
same time, the SCSYN- signal goes high and the WCLK clock pulse resets the WRSYN flip-
flop, causing a high input to be applied to U123-9. The transition from low to high of the
WSGO- signal clocks the WRSC flip-flop U110-5. This applies a high input to U124-2.

When the sector address applied to the sector equal detection circuit is equal to
the sector on the disc, the SEQL input to U124-13 goes high. If the PERM ADDRESS signal
applied to U124-1 is high (address not locked out by disc unit write lockout switches), the
WRL flip-flop U110 is conditioned with a high input at U110-12. The transition from low to
high of the SCYSN- signal clocks the WRL flip-flop. This applies a high input to U123-10,
U51-10, and U50-5. The high output from U110-9 is also applied to the WRITE signal flip-
flop to condition it with a high input at its D input.

The SRCL signal at U77-6 goes high when the WSGOCK- signal at U49-6 goes low
and goes low when the WSGO- signal goes high. The SRCLKW- pulses at U123-8 are
generated by the WCLK pulses applied to U123-11. When each SRCLKW- pulse is generated
at U123-8, the low input to U77-5 generates the SRCL pulse at U77-6.

The SRLD- signal at U66-6 goes low when the WSGO- signal goes low at U66-3 and
goes high when the WSGO- signal goes high. The SRLDENW- signal at U51-8 goes low when
15 bits have been counted by the sector bit and word control circuit. The low input applied
to U66-4 and U66-5 at this time causes the SRLD- signal to go low (refer to the Memory
Buffer and Register Loading Circuit Description).

When the BFEMTY signal at U50-4 is still high after 15 SRCLKW- pulses have
been counted by the sector bit and word control circuit, the inputs to U50-3, 4 and 5 are
then high. This causes the TMERWR- signal at U50-6 to go low. When the next SCRC LKW -
pulse occurs, the TMERWR- signal goes high. This sets the TMER flip-flop in the error
circuitry, indicating a data late error (data transfer timing error) since the data from the
processor did not arrive in time and caused the BFMETY signal from the buffer contents
counter to remain high (memory buffer empty).
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4-39 Read Sector Control

When the SCOS one-shot in the end control circuit is triggered, the RSGO~ signal
goes low, presetting flip-flop U53-5. This also applies a low input to U34-3 and to U26-2.
After the time delay established by R16 and C28, the RSGO CK- signal at U49-8 goes low
and clocks the bit and word control counter, which is loaded to a programmed count of 15
by the RSGO- signal (refer to the Sector Bit and Word Control Circuit Description).

The presetting of flip-flop U53-5 causes a low input to U90-8. When the sector
address is equal to the address from the current location counter, the SEQL- signal at
U90-9 goes low. This conditions the RDL flip-flop U95 with a high input at U95-12. The
SCSYN- signal at U123-6 goes low when the SCLK and WCLK pulses are high, the low to
high transitions at U95-11 clocks the RDL flip-flop U95, causing the RDL output at U95-9
to go high. This high output conditions the READ- signal flip-flop in the disc interface cir-
cuit with a high input at its D input. This causes the flip-flop to be set by the WCLK pulse,
causing the READ- signal to the disc memory unit to go low (true).

The high RDL signal at U95-9 is also applied to U52-13. When the RCLK (read
clock) pulse is applied to U52-2, the RDSC flip-flop U53 is clocked through U14-3. This
causes the output from U53-6 to go high. This high output is applied to U52-10. This
enables the SRCLKR- pulses at U52-8 which are generated by the RCLK- pulse applied to
Ub2-9.

When 15 read data bits have been shifted into shift registers U57 through U60 in
the buffer memory and register loading circuit, the input to U50-1, goes high, and
BFLDCNR- signal output at U50-12 goes low. This causes a high input at U51-1. When
16 read data bits have been shifted into shift registers U57 through U60, all inputs to U51
are high, and the BFLDR - signal at U51-6 goes low (refer to the Memory Buffer and Regis-
ter Loading Circuit Description).

The SRCLKR- pulses from U52-8 are also applied to U77-4 and generate the SRCL
clock pulses during the read operation.

The BFLDR- pulse from U51-6 is also applied through inverter U22 to U50-9, If
the BFFUL signal at U50-10 is still high at this time, the TMERRD- signal at U50-8 goes
low. The low TMERRD- signal presets the TMER flip-flop in the error circuit, indicating
a data late error (data transfer timing error), since the DCHI signal from the processor
did not arrive in time and caused the BFFUL signal to remain high (memory buffer full).

4-40 Reset Circuits

The WRSC flip-flop U110 is reset when the WROP signal at U39-10 goes low, as a
result of the resetting of the WROP flip-flop or when the WRL- signal goes low when the
WRL flip-flop U110 is set.

The WRL flip-flop U110 and the RDL flip-flop U95 are reset when the INIT- signal
at U124-9 goes low at the start of an operation, or when the WROP signal at U124-10 goes
low as a result of the resetting of the RDOP or WROP flip-flop, or when the ENDSTR - sig-
nal goes low at the end of the write or read operation.

The RDSC flip-flop U53 is reset when the RDOP signal at U53-1 goes low as a
result of the resetting of the RDOP flip-flop.

4-26-



The WRSYN flip-flop U95 is reset when the signal at U95-1 goes low when the
track origin- signal goes low. ‘

4-41 BIT AND WORD CONTROL COUNTER (1940083, SHEET 1)

The bit and word control counter circuit counts the number of bits transferred
during the write and read operations and generates the LSTWD (last word) signal for the
subsector. It also provides control signals to the read/write sector control circuit and to
the buffer and data register control circuit.

4-42 Write Control

When the WSGO- (D4) signal goes low, 4-bit binary counters U70 and U69 are
cleared. During a write operation the RSGO- (D4) signal is high (false). Therefore, UT70
and U69 are not loaded with the programmed inputs at A through D. When the WRSC flip-
flop is set in the read/write sector control circuit, the low WRSC - signal presets flip-flop
U53-9. This applies a high input to U69-10 (ENT) and to U54-1.

During the write operation, counters U70 and U69 are clocked by the SRCLKW -
pulses applied to U55-5 which produce positive pulses at the clock input of U70 and U69.
At the count of 12, the inputs to U54-2 and U54-13 go high. This applies a high input
to pin 2 of flip-flop U67. The SRCLKW- pulses are also applied to Ul4-4 and produce
positive pulses which clock the BFPSINH flip~-flop U67. At the count of 13, flip-flop U67-5
is set. The low BFPSINH- signal from U67-6 is applied to the buffer and data register
transfer control circuit and inhibits the generation of BFLDPS- pulses at the count of 13.
At the count of 16, the BFPSINH flip-flop is conditioned with a low input at U67-2. When
the next SRC LKW - pulse occurs, flip-flop U67 is reset.

At the count of 14 SRCLKW- pulses, the inputs to U54-11, 9 and 10 go high. This
conditions flip-flop U67 with a high input at U67-12. When the 15th SRCLKW - pulse occurs,
flip-flop U67 is set by the positive pulse from Ul14-6. The high EOWD signal is applied to
the logic in the read/write sector control circuit (refer to the Read/Write Sector Control
Circuit Description).

At the count of 16 SRCLKW- pulses, the inputs to U56-1, 2, 4 and 5 go low. This
applies a high input to U55-9. Since the input to U55-10 is high during the write operation,
the BDKO signal at U55-8 goes low when the SRCLKW- pulse goes high. The low BCKO-
signal is applied to U65-1 and resets EOWD flip-flop U67. The low BCKO- signal is also
applied to the read/write sector control circuit and causes the SRLDENW- and SRLD- sig-
nals to go high at this count.

At the count 16 BCNT15 pulses, the outputs from WCO through WC3 go high. These
outputs are applied to an AND gate in the cyclic cycle circuit and produce the LSTWD signal
that conditions the CCYL flip-flop with a high input at its D input. When the LSTWD signal
goes high, the input to U65-12 goes high. Since the WRL flip-flop is set in the read/write
sector control circuit, the input to U65-13 is also high. This is a high output from U65-11
and a low input to U54-9 which inhibits the setting of the EOWD flip-flop U67. When the
CCYL flip-flop is set in the cyclic cycle circuit after 16 more SRCLKR- pulses occur, the
input to U90-2 goes high. This inhibits the setting of the EOWD flip-flop U67 until after the
16-bit cyclic code word is written.
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4-43 Read Control

When the RSGO- signal goes low at the start of the read operation, the input to
counter U70-9 and U69-9 goes low. When the low RSGOCK signal is applied to U55-3,
counter U70 is programmed to the count of 15. When the RDSC flip-flop was preset in the
read/write sector control circuit, the low RDSC- signal applied to U53-13 reset flip-flop
U53. With U70 programmed to 15, the first SRCLKR- pulse applied to U55-4 resets UT0
to the count of zero. This causes low inputs at U56-1, 2, 4 and 5 and a high input to U55-9.
When the SRCLKR- pulse goes high (false), the BCKO- signal at U55-8 goes low. When the
next SRCKLR- pulse occurs, flip-flop U53 is set. This enables counter U69 with a high
input at U69-10 and also applies a high input to U54-1.

At the count of 13 SRCLKR- pulses, the output from U54-12 goes high. This con-
ditions the BFPSINH flip-flop U67 with a high input at U67-2. When the next SRCLKR-
pulse occurs, flip-flop U67 is set. The low BFPSINH- signal is applied to the buffer and
data register transfer control circuit and inhibits the generation of DRSETBF - pulses at
this count. :

At the count of 15 SRCLKR- pulses, the output from U54-8 goes high. This high
output is applied to U55-13. If the RDL flip-flop is set in the read/write sector control
circuit, the EOWD flip-flop U67 is preset when the SRCLKR- pulse goes false (high). The
high EOWD signal from U67-9 is applied to the read/write sector control circuit and causes
the BFLDCNR- signal to go low at this point.

At the count of 16 SRCLKR- pulses, the BCN15 signal at U70-15 goes high. This
signal is applied to the read/write sector control circuit and causes the BFLDR- signal to
go low when the RCLK clock pulse occurs.

At the count of 17 SRCLKR- pulses, BFLDR- goes high, counter U70 is reset to
zero, and the inputs to U56-1, 2, 4 and 5 go low. This causes a high input to U55-9, and
the BCKO- signal at U55-8 goes low when the SRCLKR- pulse goes high (false). This
applies a low input to U65-1 which resets the EOWD flip-flop U67, causing the BFLDCNR-
signal in the read/write sector control circuit to go high.

At the count of 16 BCNT15 pulses, the outputs WC 0 through WC3 go high. This
produces the LSTWD signal in the same manner as for the write operation. After 15 more
SRCLKR- pulses occur, the CCYL flip-flop is set and the input to U90-2 goes high. This
inhibits the setting of the EWOD flip-flop until the 16-bit cyclic code word is read.

4-44 DISC/FORMATTER INTERFACE CIRCUIT (1940083, SHEET 1)

The disc/formatter interface logic circuit sends the unit select and track address
signals to the disc memory units. It receives the track origin, read clock, write clock
out, sector clock-, disc ready-, read data-, and illegal address- signals from the selected
disc memory unit and returns the write clock in- signal to the selected disc memory unit.

The disc/formatter interface logic circuit also contains the logic for generating
the write-, write data-, and read- signals that are sent to the selected disc memory unit.

The track origin-, sector clock-, write clock out-, read clock-, disc ready-,
read data-, and illegal J3-10 per address- signals from the selected disc memory unit are
applied through J3-21, J3-23, J3-47, J3~-39, J3-2, J3-31 and J3-17, respectively. The
signals are inverted and applied to various logic circuits as shown on the schematic.
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4-45 FORMATTER/ADAPTER COMMON BUS (1940083, SHEET 2)

The formatter/adapter common bus receives the address and write data from the
processor through the processor data bus. It applies the address signals to the unit, sec-
tor, subsector and track registers and the write data signals to the inputs of data selectors
and registers Ul5 through U18. It also receives the DR0O through DR15 read signals from
U15 through U18 and applies them to the processor data bus. In addition, the formatter/
adapter common bus contains the 6-bit error register which provides the status of the disc
memory system. '

4-46 Address and Data Signals

The address signals (DB00 through DB15) and the write data signals (DB0O through
DB15) are applied through electrical connector J1. Each signal line is terminated by a
resistive network and applied to an inverter in its associated IC (U1l through U4). When the
address given in the DOA instructions is on lines DB00 through DB15, the unit, track and
sector address bits are applied to their respective address registers. For subsector
operation, the subsector address contained in DB00 through DBO03 is applied to a 4-bit regis-
ter on the formatter/adapter interface. When the DOCX flip-flop is set in the initiation
logic circuit, the subsector address bits are applied to the subsector address register U99
in the unit, track and sector address register circuit.

When the write data is on lines DB00 through DB15, the inverted data bits are
each applied to their associated input on data selectros and registers Ul5 through U18.

During a read operation, the DB00 through DR15 input signals from U15 through
U18 are applied to the register composed of Ul through U4. When the DATIA signal is
applied from the processor, the DRGAT - signal at J2-J3 fall low. This strobes the read
data signals to the output lines DB00O- through DB15-. Output lines DB00- through DB15-
route the signals to the processor via the adapter/formatter common bus and processor
data bus.

4-47 Error Register

The error register is composed of gates U5 and U19, (C6) ILAER (bit 13), RDER
(bit 14) and bits 10, 11, 12 and 14 cause a logical 1 in their associated bit in the register
when they go high (true). Bit 15 is set to logical 1 when any of the 5 errors occur (refer to
the error logic circuit description). When the DATIA signal is applied from the processor,
the STATIN signal at J2-25 goes high. This strobes the contents of the error register to
output lines DB10- through DB15-. Output lines DB10- through DB15- route the contents
of the error register containing the disc memory system status to the processor via the
adapter/formatter common bus and the processor data bus.

4-48 CYCLIC CYCLE, PARITY CYCLE, AND END CONTROL (1940083, SHEET 2)

The cyclic cycle, parity cycle, and end control logic circuit contains the CCYL
flip-flop that is set when the 16-bit cyclic code word is written or read for each subsector
of data, the PTYCYL flip-flop that is set when the odd parity bit is written or read for each
subsector of data, and the ENDSTR one-shot that is triggered at the end of each subsector.

4-49 During Write Operation

After 240 bits (15 words ) have been written in a subsector, the WCO through WC3
signals at U68-1, 2, 4 and 5 (D8), respectively, go high. This causes the output from
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U68-6 to go high, conditioning the CCYL flip-flop U63 with a high input at U63-2. This
signal is the LSTWD signal. At this time, the PTYCYL- signal at U104-9 is high, since
the PTYCYL flip-flop is reset. The BCNT15- signal at U104-10 is also high, since counter
U70 in the sector bit and word control circuit is clocked to zero on the 240th bit count.
When counter U70 again counts to 15, the BCNT15- signal at U104-10 goes low, causing the
input to UT77-11 to go high. When the SRCLKW- pulse for the 255th bit count goes high
(false), all inputs to U77 are high. This causes a low output from U77-8 that is applied to
the clock input (U63-3) of the CCYL flip—flop U68. When the SRCLKW- pulse for the 256th
bit count goes low, the output from U77-8 goes high. The low to high transition at U63-3
sets the CCYL flip-flop U36. The 256th SRCLKW- pulse also clocks counter U70 to zero
in the bit and word control circuit, causing the BCNT15- signal to go high and the LSTWD
signal at U68-6 to go low.

The high output from U63-5 of the CCYL flip-flop U63 is applied to the disc inter-
face logic circuit to enable the writing of the 16-bit cyclic code word and is also applied to
U63-12 of the PTYCYL flip-flop U63. The low output from U63-6 is applied to the disc
interface logic circuit to inhibit the writing of data at this time.

When 15 more SRCLKW- pulses have been counted by counter U70 in the bit and
word control circuit, the BCNT15- signal at U104-10 goes low. This applies a high input
to U77-11, causing a low input to U63-11. When the next SRCLKW- pulse occurs, the
PTYCYL flip-flop U63 is set by the low to high transition at U63-11 and the CCYL flip-flop
is reset by the low to high transition at U63-3.

The low output from U63-5 of the CCYL flip-flop is applied to U63-12 of the
PTYCYL flip-flop U63. The high output from U63-9 is applied to the disc interface logic
circuit to enable the writing of the odd party bit. The low output from U63-8 is also applied
to the disc interface logic circuit to inhibit the writing of data at this time. The low output
from U63-8 is also applied to U104-9, causing a high input to U77-11. This causes a low
input to U63-11.

When the next SRCLKW - pulse occurs, the PTYCYL flip-flop U63 is reset by the
low to high transition at U63-11. The low output from U63-9 is applied to U64. This
triggers the ENDSTR one-shot U64, causing the output from U64-5 to go high and the out-
put from U64-12 to go low. The low output from U64-12 is applied to U104-12, causing the
SCOPCK signal at U104-11 to go high. The low output from U64-12 also resets the WRL
flip-flop in the read/write sector control circuit, causing the WRITE- signal to be clocked
high (false). The high SCOPCK signal at U104-11 is applied to the write sector GO circuit
and causes the WSGO- signal to go low. After 200 nanoseconds, one-shot U64 times out,
causing the SCOPCK signal to go low. This causes the WSGO- signal to go high.

The sequence described is repeated for each subsector until the end of the opera-
tion when the END signal and BFEMTY signal go high (true). This resets the WSGO flip-
flop in the write sector start circuit, terminating the operation.

4-50 During Read Operation

The operation of the cyclic cycle, parity cycle, and end control logic circuit during
a read operation is similar to the operation during a write operation as explained in the
following paragraph.

During the read operation, the LSTWD signal goes high after 241 SRCLKR- pulses

have been counted, since counter U70 in the sector bit and control circuit is loaded to a
programmed 15 count at the start of the read operation. The SRCLKR- pulses at U77-9
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are used in place of the SRC LKW- pulses during the read operation. When the ENDSTR
one-shot U64 is triggered, the low output from U64-12 resets the RDL flip-flop in the read/
write sector control circuit, causing the READ- signal to be clocked high (false). The high
SCOPCK signal at U104-11 is applied to the read sector start circuit and causes the RSGO-
signal to go low. After 200 nanoseconds, one-shot U64 times out, causing the SCOPCK
signal to go low. This causes the RSGO- signal to go high.

The sequence is repeated for each subsector until the end of the operation when
the ENDRD- signal at U57-12 in.the done control circuit goes low. This resets the RSGO
flip-flop in the read sector start circuit, terminating the operation.

4-51 ERROR LOGIC CIRCUIT (1940083, SHEET 2)

The error logic circuit generates 4 of the 5 error signals that are applied to the
error register on the formatter/adapter common bus. These error signals include the
disc fail error (bit 10), the write protect error (bit 11), the data transfer timing Error
(bit 12) and the illegal address error (bit 13). The read error (bit 14) is generated by the
read check error circuit. Bit 15 of the error bits is generated on the formatter/adapter
common bus when any of the other errors occur.

4-52 Disc Fail Error

The DSC FAIL flip-flop U25 is set when the disc becomes not ready or when the
system is hung during a write or read operation, the WRL flip-flop in the read/write sector
control circuit is set when the SEQL signal goes high (true). This applies a low input to
U23-4 conditioning U25 with a high input at U25-4. During a read operation, the RDL flip-
flop in the read/write sector control circuit is set when the SEQL- signal goes low (true).
This applies a low input to U23-4 conditioning U25 with a high input to U25-12. The DSCRDY -
signal applied to U25-11 (CLOCK) goes low when the disc is ready. The DSCRDY - signal
goes high if there is a loss of ac or dc power, if the dc voltages are below acceptable limits,
or if the disc rotational speed is below the reliable operating range. When the DSCRDY -
signal goes high, flip-flop U25 is set.

The DSC FAIL flip-flop U25 is also preset if the system is hung during a write or
read operation. At the start of a write or read operation, the INIT- signal at U66-13 goes
low. This causes a high to low transition at pin 1 of retriggerable TMOUT one- shot U37.
This triggers U37, and the output at U37-4 goes low. This low output is applied to U66-10.
Since the DSC FAIL flip-flop U25 is reset, the input to U66-9 is high. Since either the
WROP (write operation) or RDOP (read operation) is set, the input to U66-11 is high, the
output at U66-8 is low, and the input to U25-10 (PRESET) is high.

TMOUT one-shot U37 is a retriggerable one-shot that does not time out if it is
retriggered before the time delay established by register R9 and capacitor C6 times out.
Before TMOUT U37 times out, either the WSGO- signal (write operation) of the RSGO-
signal (read operation) goes low, retriggering U37. The WSGO- signal at U66-2 goes low
during a write operation at the start of each subsector. The RSGO- signal at U66-1 goes
low during a read operation at the start of each subsector. If the WSGO- signal does not
go low in time (300 nanoseconds) during a write operation, or the RSGO- signal does not go
low in time (300 nanoseconds) during a read operation because the system is hung, one-shot
U37 times out. This causes the input to U66-10 to go high, presetting the DSC FAIL flip-
flop U25 with a low input from U22-8. This causes the DSC FAIL signal at U25-9 to go high,
and the DSC FAIL- signal at U25-8 to go low.

4-31



For either cause of a disc fail error, the high output from U25-9 is applied to
U19-10. The low output from U25-8 is applied to U20-9. This causes a logical 1 in 10 of
the error bits and also causes a logical 1 in bit 15.

The low output from U22-8 that presets the DSC FAIL flip—flop U25 also is applied
to U39-1. This causes the ENDER- signal at U124-6 to go low. This sets the DONE flip-
flop, terminating the operation when the DSC FAIL- signal at U66-9 goes low and causes
the ENDER- signal to go high. This causes the SELB- (selected busy) signal to the proc-
essor to go high (false). This also causes an interrupt request to be generated if the
INTDSB flip-flop is reset.

4-53 Write Protect Error

The WPTER flip-flop U109 is preset when the selected track-sector is write pro-
tected. When the SCSYN- pulse goes false at the start of a subsector and the SEQL signal
is high (true), the inputs to U24-9 and 10 are both high. The resulting high output from
U24-8 is applied to U123-13. Since the WRSC flip-flop is set at this time, the input to
U123-2 is high. The PERM ADDRESS- signal from the disc at U123-1 goes high when the
selected track-sector is write protected. This causes the output from U123-12 to go low,
presetting the WPTER flip-flop U109. The high output from U109-8 is applied to U20-11.
This causes a logical 1 in bit 15 of the error bits.

The low output from U123-12 is also applied to U124-3. This causes the ENDER~-
signal at U124-6 to go low. When the SEQL signal at U24-9 goes low (false), the ENDER-
signal goes high. This sets the DONE flip-flop, causes the SELB- signal to the processor
to go high (false), and causes an interrupt request to be generated if the INTDSB flip-flop
is reset.

4-54 Data Transfer Timing Error

The TMER flip-flop U25 is set when the processor has failed to respond in time to
a request for data channel access. During a write operation, the TMERWR- signal at
U25-3 (CLOCK) goes low (true) when the data from the processor does not arrive in time
and causes the BFEMTY signal to remain high, indicating buffer empty (refer to the Read/
Write Sector Control Circuit Description). When the TMERWR- signal goes high (false)
one SRCLKW - pulse time later, the TMER flip-flop U25 is set.

During a read operation the TMERRD- signal at U25-4 goes low (true) when the
processor does not generate the DCHI signal in time and causes the BFFUL signal to re-
main high, indicating memory buffer full. The low TMERRD- signal presets the TMER
flip-flop U25. This causes the TMER signal at U25-5 to go high, and the TMER- signal at
U25-6 to go low.

The high output from U25-5 is applied to U5-13 and causes a logical 1 in bit 12 of
the error bits. The low output from U25-6 is applied to U21-5 and causes a logical 1 in
the bit 15 of the error bits.

4-55 Illegal Address Error

The ILAER flip-flop U109 is set when the disc or track selected by the processor
is not available on the system. Pin E2 is jumpered to pins E5 through E8 in accordance
with the highest unit number assigned. If the disc unit selected is in the system but the
track address is higher than the highest track on the disc, the inputs to U12-2 and 3 go low.
This causes a high output from U12-1 and a low input to U23-13. The output at U23-11 then
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goes high, causing a high input to U23-1 and U24-13 and a low input to U119-4. The low
input to U119-4 inhibits the READ- signal. If the disc unit selected is not in the system,
the input to U23-12 goes low, causing the high inputs to U23-1 and U24-13 and the low input
to U119-4.

At the beginning of a write or read operation, the INIT-A signal goes low. This
presets flip-flop U36. This causes the output from U36-5 to go high, applying a high input
to U24-5. Since the RDOP signal is true (high) during both read and write operations, the
input to U24-4 is also high. This causes the output from U24-6 to go high, applying a high
input to U24-2. Since the ILAER flip-flop is not set at this time, the input to U24-1 is high.
This causes the output at U24-3 to go high, applying a high input to U23-2. The output from
U23-3 then goes low, presetting the ILAER flip-flop. The high output from U109-5 is
applied to U5-10 and causes a logical 1l in bit 13 of the error bits. The low output from
U109-6 if applied to U21-4 and causes a logical 1 in bit 15 of the error bits.

The low output from U23-3 is also applied to Ul24-4 and causes the ENDER- sig-
nal at U124-6 to go low (true). When the ENDER- signal to the processor goes high (false),
and an interrupt request is generated if the INTDSB flip-flop is reset.

During a read operation, flip-flop U36 is reset at the end of the first subsector
when the RDL flip-flop in the read/write sector control circuit. If the system becomes
hung and an illegal address occurs, the inputs to U24-12 and 13 go high. This sets the
ILAER flip-flop U109 with a high output from U24-11. This causes a logical 1 to be set
in bits 10, 13, and 15 of the error bits. This also causes the DONE flip-flop to be set,
the SELB- signal to the processor to go high (false), and an interrupt request to be gener-
ated if the MSKO flip-flop is reset.

4-56 MEMORY BUFFER AND REGISTER LOADING WRITE AND READ OPERATION
(1940083, SHEET 3)

The memory buffer and register loading circuit consists of quadruple two-input
multiplexers U15 through U18, quadruple two-line to one-line data selector/multiplexers
U29 through U32 and U47, 64-bit read/write memories U43 through U46, 4-bit parallel
access shift registers U57 through U60, buffer/disc access counter U61, and buffer/
processor access counter U33. This circuit receives the write data from the processor,
buffers it, and transfers it in serial form to the disc unit. This circuit also receives the
serial read data from the disc, buffers it, and transfers it in parallel form to the processor.
The timing diagram for the read and write operations appear in figures 4-4 and 4-5 respec-
tively.

4-57 Write Operation

The DBO0O through DB15 write data word from the processor is applied to the data
selectors and registers U1l5 through U18 that are quadruple two-input multiplexers. During
the write operation, the WROP signal at U34-11 is high, since the WROP flip-flop is set.
This applies a low input to pin 10 (SEL A) of U15 through U18. When the DCHO signal is
applied to the data channel transfer control circuit, the DRSETPS- signal goes low. This
causes the DRSET signal at U34-9 to go high. This clocks U15 through U18 with a low input,
and the DB00 through DB15 signals appear at the outputs of Ul5 through U18, since they
were selected by the low input applied to each SEL A input.

The outputs from U15 through U18 are applied to the inputs of data selectors U29

through U32 that are quadruple two-line to one-line data selector/multiplexers. Since a
high input is applied to the SEL input of U29 through U32 and the STR input of U29 through
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U32 is grounded, the inputs from U1l5 through Ul8 are selected and appear at the outputs of
U29 through U32 and the inputs to memories U43 through U46.

At the start of the write operation, all inputs to NOR gate U20 are high. This
causes a low output from U20-12 which is applied to the SELECT input of U47. This selects
the outputs of the buffer/processor access counter U33. The BFLDPS- pulses at U48-2
occur as a result of the DCHO signals sent from the processor. This causes a low input at
the write enable input of memories U43 through U46. The BFLDPS- pulses are also applied
to U48-12 and clock the buffer/processor access counter U33 which is a 4-bit binary counter.
When the first BFLDPS- pulse is applied, U33 is reset and the address output from U47-4,
7, 9and 12 is 0000, When the WRITE ENABLE input of U43 through U46 goes low, the
input data to the memories is written at this address. Memories U43 through U46 are
64-bit read/write memories that each store 16, 4-bit words.

The low BFLDPS- pulse applied to U48-12 clocks the 4-bit binary counter U33,
and the address output from U33 advances to D001. When the next BFLDPS- pulse is
applied, the input data of the next data word is written into the memories at this address.
This loading process is repeated until the memory buffer is full. At this point, WSGO-
signal goes low, causing the input to U47-1 (SELECT) to go high, selecting the buffer/disc
access counter for operation. This also causes the SRLD- signal at the LOAD inputs of
shift registers U57 through U60 to <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>