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SECTION I

GENERAL DESCRIPTION

1-1 INTRODUCTION

Data General Moving Head Disk Controller No.
4046 is designed to operate a wide variety of Moving
Head Disk Drives, and is a basic component for each
Moving Head Disk system. The Controller is func -
tionally positioned between any Nova or Supernova
Processor and the appropriate Moving Head Disk A-
dapter unit. Data General provides two types of A-
dapters for Disk Cartridge systems, each engineered
specifically to interface withone of the two Disk Car-
tridge Drive units offered by Data General. From a
general design point of view, Adapters 4047 and 4049
are similar in that they both operate the same type of
Disk Drive equipment. (The basic difference is that
the 4047 Adapter has a smaller power supply facility
than the 4049 Adapter.) Adapters 4047 and 4049 are
designed to interface with both the Data General Model
31 Disk Drive and the Data General Model 33 Disk
Drive, and whereas the Adapter Supplies + 15 Volt dc
power to the Disk Drive; the 4047 Adapter is designed
to handle two Model 31 Drives or one Model 33 Drive.
The 4049 Adapter onthe other hand, is designed to
handle four Model 31 Drives or two Model 33 Drives.
From herein all technical references to Adapter 4047
will be applicable to Adapter 4049 also, unless the
4049 Adapter is called out specifically.

The appropriate technical and maintenance man-
uals for either Model Disk Drive ordered from Data
General are packed and shipped with the selected e-
quipment. Thus, the information providedin this
manual is intended to supplement these publications
and will describe only the required Controller and A-
dapter equipment. Additional information concerning
the operation of the Data General standard Processor
Data Channels may be referenced in the '"How to Use
the Nova Computers" reference manual, published by
Data General under separate cover. o

This manual is divided into five sections: General
Description, Installation, Operation, Theory of Opera-
tion, and Maintenance. Itis supported by a set ofen-
gineering drawings listed below, and an Illustrated
Parts List document number 005-000804-00.

It isassumed that the reader has a thoroughunder -
standing of TTL logic and the fundamentals of com-
puters.

Disk Pack Control 1/0

Disk Pack Control Timing
Disk Pack Control Registers
4047 Plug Interface

4047 Logic Interface

001-000122(Sheet 1)
001-000122(Sheet 2)
001-000122(Sheet 3)
001-000142
001-000143
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- chained betweendrives.

4047 Disk Power Supply 001-000186
External Cable Adapter
(4047 or 4049) to Computer 005-000468

1-1.1 Disk Cartridge System Components

The basic Disk Cartridge system components are shown
on Figure 1-1, and consists of the Disk Controller 4046 PCB
assembly, one Disk Cartridge Adapter, and a Disk Cartridge
Drive. This illustration, likethe previous figure, shows only
one drive in the interest of simplifying the illustration, but
more than onedrivecanbe installed. As mentionedprevious-
ly two types of Disk Cartridge drives are available, either
a model 31or a model 33, and if Adapter 4047 is installed the
configuration will support one model 33 drive or two model 31
drives. Mixing is notpossible onthe 4047 Adapter without ex-
ceeding the capabilities of the Adapter power supply. If the
Adapter 4049 is installed the Adapter will provide sufficient
power for two model 33 drives or four model 31 drives. Mix-
ing is allowed on this Adapter as long as the total number of
drives does not exceed the equivalence of four model 31 drives.
In other words, one model 33 drive is equal (loadwise) to two
model 31 drives. Therefore a configuration of one model 33
drive and two model 31 drives can be installed. An instal-
lation of three model 31 drives and one model 33 drive, or
two model 33 drives and one model 31 drive would exceed the
capabilities of the Adapter (4049) power supply. The difference
between the two drives is storage capacity. (1.247 million
16-Bit words for the model 31 drive, and 2.494 million 16~
Bit words for the model 33 drive.) The connector facilities
for Adapter 4047 and Adapter 4049 are similar, with the sole
exception that the 4047 Adapter has a maximum of two DC
cables (left rear of the chassis) whereas the 4049 Adapter has
a maximum of four DC cables (also left rear of the chassis).
Each Adapter unit contains its own power supply which op-
erates from standard 115 Volt, 50 or 60 Hertz lines. A line
cord is provided in the lower left section of the connector
panel mounted inthe rear of the Adapter chassis for connect-
ing the Adapter to standard 115 Volt single phase power.
Either Adapter provides (in addition to DC cables) a signal
bus line, which for multiple drive configurations is daisy-
This signal bus must be terminated
at the last drive in the chain,

Figure 1-2 is a block diagram of the various possible con-
figurations comprising Disk Cartridge systems. This figure
is included here for reference purposes, and diagrammatical-
ly summarizes the configuration descriptions of this paragraph.
The 4046 Controller and 4047 Adapter combination are shown
in solid lines as being one typical system. The remainblocks
are shown in dotted lines as representing other system con-
figurations that can be installed with the Nova or Supernova
Processor and 4046 Controller PCB assembly.

Figure 1-3 shows a typical dual Processor Disk Cartridge
system. In this particular configuration the Adapter (either
4047 or 4049) is shared between two Processors. Each
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Processor contains a 4046 Controller PCBassembly, which is
selected alternately for control by the Adapter logic. (How-
ever, each Controller can communicate with one Adapter only.)
The number of Disk Cartridge Drives includedin the dual Pro-
cessor system are exactly as described previously (and as
shown on Figure 1-2).

Figure 1-4 is a block diagram of a dual Processor or
Secondary 4046 Controller configuration that may be used to
form a Disk Cartridge system. It suffices to say that the
ground rules governing the number and type of Disk Cartridge
Drives connected to the appropriate Cartridge Adapter are
exactly the same as described previously. As mentioned a-
bove either type Cartridge Adapter (4047 or 4049) contains
control logic which selectively alternates transfer operations
between Processors (through the facilities of each 4046 Con-
troller). It is also possible to have two 4046 Controllers in
one Processor (each with a unique Device Select Code). In
this configuration, likethe dual Processor configuration, each
control can communicate with One Adapter only, with all of
the previously described configuration rules still applicable.
A configuration with one computer housing two Controllers,
with each Controller connectedto a separate Adapter will sup-
port up to 8 model 31 Disk Drive units.

1-2 GENERAL FUNCTIONAL DESCRIPTION

Data General's Disk Cartridge systems are composed of
devices which provide direct-access storage of data on a re-
movable Disk Cartridge. Functional descriptions concerning
the operation of the Disk Cartridge Drive supplied by Data
General can be referenced from the installation and operation
manual shipped with each drive. The functional descriptions
of the remaining system components are presented in this
paragraph starting with the 4046 Controller, which is followed
by abrief description of the function of the Adapter unit. As
mentioned previously all references to the 4047 Adapter are
also applicable to the 4049 Adapter.

1-2.1 Disk Controller Model 4046

The general functional relationships between the 4046 Con~
troller and the other components of a Disk Cartridge system
are shown on Figure 1-5. The 4046 Controller assembly as
shown, consists of three major logic sections;the 1/0 section,
the Registers section, andthe Timing section. The I/O sec-
tion received I/0 instructions from the Nova or Supernova
Processor in the form of DATO (data out) and DATI (data in)
instructions. Thedata out instructions load various control
registers withinthe assembly with command and control data,
whereas thedata in instructions read the contents of the var~
ious control registers in the assembly back into the Processor.
The 1/0 section also receives the Device select code from
the Processor viathe DS lines. The 4046 Controller assembly
recognizes Device Code 33. If two 4046 Controllers are in-
stalled inthe same Processor, the second Controller is con-
ditioned to recognize Device Code 73. The 1/0O section also
teceives and transmits the various Data Channel control sig-
nals used to control the exchange of sector data. The re-
maining I/0 bus interrupt, request, and priority signals ex-
change between the Processor and the Controller are also

1-5

handled by thel/O section. The operation and function of the
1/0 bus and Data Channel signals are described in Data Gen-
eral publication "How to usethe Nova Computers,'" (available
under separate cover) and consequently will not be repeated
inthis discussion. Specific instructiondata pertinent to Disk
Cartridge systems are described at the end of this main para-
graph.

The 1/0 bus data lines DATAO through DATA15 are ter-
minated inthe Registers section for both receiving and trans-
mitting data transfer Operations. Data being received by the
4046 Controller Assembly is inverted by a group of buffer in-
verters and sent to the I/0 section as DATAO through DATA
15. These signals load the various operation control reg-
isters in the I/O section (e.g., Unit, Sector, Head, Sector
Count, and Cylinder registers) with control data governing
the upcoming operation. The I/O section contains the core
Address (CA) register oraddress counter, which can be ex-
aminedunder program control. The outputs from the CA reg-
ister, CA0 through CA15 are routed through the Registers
section, which provides the logical manipulation for placing
the CA contents onto the I/O buslines. Thel/O section also
generates an accompanying CA EN (CA Enable) signal which
enables this logicto selectively output the data present onthe
CA output lines (CA0 through CA15) tothe I/0O bus lines. The
1/0 section alsoproduces a basic EN signal for output trans-
missions of either CA data or stored dataread from the Disk.
Operational and Error status signals from the Timing section
are also routed through the Registers section for transmission
to the Processor via the I/0 bus lines. Operational status
data, e.g., contents of Unit, Head, Sector, and Sector Count
registers is read back to the Processor under program con-
trol by the DATIC instruction. Error statusdata is read back
to the Processor under program control by the DATIA in-
struction. The selective signals either DP DATIC or DP
DATIA are derived from the standard DATIA and DATIC bus
signals inthe I/0 section and perform the selected output en-
abling function in the Registers section.

In addition to multiplexing address, operational status,
and error status signal into the I/0 bus data lines, the Reg-
isters section assembles serial data read from the Disk for
transfer back to the Processor, and disassembles parallel
input data from the Processor to be written serially onto the Disk.
The 4046 Controller transfers two (16 bit) words at a time,
hence the assembly or disassembly is performed on adouble
word (32 bit) basis for any one data transfer operation. Se-
rial data to be written onto the Disk is transmitted from the
Registers section to the 4047 logic interface via the COMP
DATA (Computer Data) line. Serial datato be assembled in-
to words and sent back to the Processor is transmitted from
the 4047 logic interfacetothe Registers section viathe READ
DATA line, TheWrite and Load signals from the I/0 section
to the Registers section together enable the 32 bit shift reg-
ister (functioning as a series-to-parallel, parallel-to-series
converter for the Disk data) to be parallel loaded with the
next two words to be written on the Disk. The CLK SHIFT
signal is also produced in the I/0 section and being derived
from the basic Data Strobe signal (from the 4047 logic inter-
face) functions as a shift clock for the shift register during
read and write operations.
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Figure 1-5. General Functional System Block Diagram
For the 4046 Disk Controller and Adapter 4047 or Adapter 4049
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The 1/0 section transmits the INC SC, XFER DONE, D1,
DO, CM1 and CM2 signals to the 4047 logic interface. The
INC SC signal (Increment Sector Counter) steps the Sector
Counter within the 1/0 section. It also actuates the Check-
word logic in the 4047 logic interface for either writing the
assembled checkword during a write operation or compar-
ing the assembled checkword with th~t written at the end of
the sector during a readoperation. XFER DONE is a signal
informing the 4047 Adapter (both the plug and logic interface
thereof) that the present transfer operation is finished. The
DO and D1 signals to the 4047 logic encodethe address of the
Disk Drive to be used during the upcoming operation. The
CM1 and CM2 signals to the 4047 logic interface encode the
commanded operation that the system is to perform (.e.,
seek, read, write, or recalibrate). The BIT COUNT signal
from the 4047 logic interface is used to increment the Bit
Counter within the I/0 section. This counter keeps track of
the number of data bits transferred and counts up to 32, the
capacity of the shift register.

The 1/0 section also exchanges a group of significant sig-
nals withthe Timing section. Thel/O section sends functional
signals SECTOR, CYLINDER and HEADDATA, UNITO0 through
UNIT3 SELECT, DATA1 through DATA4, SHIFT DONE and
LATE (1). The SECTOR, CYLINDER and HEAD DATA is
multiplexed in the Timing section onto interassembly lines
BUSO through BUS7, tothe 4047 logic interface. Sector reg-
ister bit 8, S8, istransmitted directly to the 4047 logic inter-
face over a single line, and hence is not multiplexed. The
UNITO through UNIT3 Select signals are used in conjunction
with the Seek control logic of the Timing section and indicate
which one of the four possible Di sk Drive units have been
selected. This same logic section sends SEEK DONEO thru
SEEK DONE3 signals back to the I/O section to indicate that
the selected Disk Drive (UNITO thru UNIT3) has finished the
commanded (track) seekoperation. The DATA1 thru DATA4
signals arethose bits which reset the Seek control logic of the
selected unit. (DATAO clears the Read/Write Done interrupt
indicator, however this flagis in the /O section.) The SHIFT
DONE signal performs an important function relative to both
the read and write modes. The SHIFT DONE signal sent to
the Timing section is allowed to trigger a one shot, in the
read mode, whichin turn loads the disk data contained in the
Shift Register (in the Register section) into the Data Storage
Register (also in the Registers section) in preparationfor
multiplexing onto the I/0 bus lines to the Processor.

SHIFT DONE also performs a clocking for the DP Flag
and Data Late flip-flops in the 1/O section. (The Data Late
flip-flop becoming set, sets the Stop flip-flop, which in turn
(providing the "Read Done'" one shot is notcycling) produces
a DONE signal. DONE in turn drives an OR gate to produce
XFER DONE which terminates the transfer.) A momentary
digression at this point to explain the basic function of Data
Late will serve to clarify later detailed discussion of this
logic. The DP (Data) Flag flip-flop is set (during write op-
erations) initially on a start of a write operation. This Flag
is cleared when the Data Channel Acknowledgement from the
second Data Channel Request is received at the Control as-
sembly. Two (16 bit word) requests are required as 32 bits
are written as one word by the Control assembly. If the Flag
flip-flop is set and a SHIFT DONE signal occurs the Data Late
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flip-flop will be set. This condition indicates that for some
reason the Processor didnot respond tothe Data Channel Re-
quest in time to load (or finish loading) the Shift Register be-
fore it finished a 32 bit shifting (and writing) sequence. Hence,
a data error condition will exist and the transfer will be ter-
minated. Initially the (Data) Flag flip-flop is set by the WRITE
and START ADAPTER signals. It is cleared by CLR FLAG
(derived from DCHP IN, DCHR, DCH SEL, and DCHA) and
the resetting of the REQ1 flip~flop (indicating second request
has been acknowledged). The (Data) Flagflip-flop is clocked
to the set state during the remainder of the writing operation
(as long as the Busy flip-flop remains set) by each SHIFT
DONE signal. Setting the Flag flip-flop causes the next DCHR
to be issued (if requests are enabled). The Flag flip-flop is
cleared during the remainder of the write operation exactly
as described above. Hence, during the writing operation a
"'window" exists between SHIFT DONE pulses during which
the Flag flip-flop is set (requesting the next two 16 bit data
words from the Processor), towhich the Processor must re-
spond by servicing the request (long before SHIFT DONE can
occur in normal operation). The worst case (Processor re-
sponse delay) condition exceeding the width of the time window
(between subsequent SHIFT DONE pulses) defines the Data Late
error condition.

The Timing section sends a RD/WR DONE signal backto
the1/0 section. This signal is derived from the ADAPT DONE
(1) signal from the 4047 Adapter to indicate the Adapter has
completed (or terminated) the command operation. RDAVR
DONE sets the Done flip-flop in the I/O section.

The Timing section receives the CKWD, ADAPT SEL,
ADAPT DONE (1), END OF CYLINDER, AD+UNSF, andSKE
signals from the 4047 Adapter (Plug and Logic Interface).
Four of these signals, CKWD, END OF CYLINDER (EOC),
AD+UNSF, and SKE are errors indicators. The CKWD sig-
nal is generatedin the Checkword section of 4047 logic toin-

dicate a Checkword error has been detected. The EOC sig-
nal is generated in the Head Select section of the 4047 logic
whenever an attempt to increment to a non-existent head is
detected, i.e., increment beyond the number of heads avail-
able inthe Disk Drive. AD+UNSF is derived from a WRITE
CHECK signal produced in the Disk Drive unit electronics
and indicates that a condition exists withinthe drive unit that
will interfere with writingvalid data on the Disk, or possible
damage to other records already written on the Disk will oc-
cur if writing is attempted. SKE is the Seek Error signal,
which is derived from the SEEK INC signal from the Disk
Drive unit. SEEK INC denotes SEEK INComplete, and in-
dicates the failure of the present seek operationto success-
fully position the heads over the selected cylinder. Signal
ADAPT SELis producedin the A or B Control Select section
of the 4047 logic and indicates that an operational connection
has been established between the 4046 Control assembly and
the 4047 Adapter. The Adapter is designed to select one of
two possible 4046 Control assemblies for operation (if the
Control has been started and is waiting for service). The
ADAPT DONE(1) signal, as described previously, is pro-
duced in the Adapter Done section of the 4047 logic, and
causes the DP Done flip-flop (of the I/O section of the 4046
Control) to become set (via the RD/WR DONE signal function).
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The Timing section contains a Seek Timing Generator,
which provides a precise sequence of signals used to control
the various calculations and mechanical selections involved
in moving the Disk heads to the selected cylinder position.
There signals are CONTROL1, CYL, HD+DIR, DIFF, and
CONTROLZ2, of which only CONTROL1 and CYL are used by
the 4047 Adapter. CONTROLI1 is used as one of the enabling
signals for setting up the RD/WR (read/write) control logic
inthe Unit and Track Address sectionof the 4047 logic. CON-
TROL1 is also gated together with RECAL (Recalibrate) to
implement the Track Address logic to command reposition-
ing of the Disk heads back at the 000 starting location. Sig-
nal CYL isalso used, independently, totrigger the Track Ad-
dress logic. When CYL occurs the Track Address register
is loaded with the Cylinder address data. This data is sub-
sequently sent to the (selected) 4047A or 4047B Disk Drive
unit electronics where it is positionally interpreted as track
address data. It is pointed out here as a matter of clarifi-
cation, that both CONTROLI and CYL will be produced inthe
Timihg section ifa SEEK command is present. For all other
commands (RECAL, READ, WRITE) only CONTROL1 will be
produced by the Timing section. Hence, in a sense CYL and
RECAL (and all other commands except SEEK) are opera-
tionally mutually exclusive. (RECAL is decoded in the 4047
logic to generate a RESTORE signal. This signalclears the
track address register inthe Disk Drive unit to 000, and com-
mands the head positioner to locate the heads overtrack 000.
In the event of a Seek Error a RESTORE command is re-
quired by the Disk Drive electronics before it will remove
the SEEK INCOMPLETE level from the interface line.)

The Timing Section also sends the INC HD and START

signals to the Head Select and the A or B Control Select sec-
tions of the 4047 logic. The INC HD signal will increment
read or write operations to the next numerically selectable
head in the Disk Drive unit. Since the 4047A and 4047B Disk
Drive units each contain two heads, incrementing (without an
End of Cylinder error) is not possible beyond head 1, selected
by placing a 1 on the BUS7 line (which results from coding a
1 in bit 7 of the Accumulator selected for the DATOC in~
struction). The INC HD signal is generated when the Sector
Register reaches a count of 12 (S8 and S4 = 1), and an In-
crement Sector Counter (INC SC) signal is present. This
function facilitates the 12 sector format established for the
4047A and 4047B Disk Drive units. Therefore after Sector
No. 12, the 4046 Control assembly logic automatically ad-
vances or increments the head to operate on the 12 sectors
on the opposite side of the Disk (in the same track location).
INC HDalso implements logic within the 4046 Control to clear
out the Sector register. It should be emphasized that it is
Sector No. 12 not necessarily the 12th sector that causes the
INC HD signal to be produced. Normally the Sector register
is loaded with the number of the sector in which the specified
operation will be performed, and the Sector register will be
incremented from this point on up to Sector No. 12. The
START signal, on the other hand, is simply representative
that the 4046 Control has been started by either an I/O '"P"
(Pulse) control function for either a SEEK or RECAL opera~
tion, or an I/0 "S'" (Start) control function for the other (Read
or Write) operations. After transmitting the START signal
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the 4046 Control must wait for the 4047 Adapter to respond
with an ADAPTER SEL before operation can proceed.

1-2.2 Adapter Model 4047
The Adapter Model 4047 is functionally located between

the 4046 Control assembly and the 4047A or 4047B Disk Drive
unit (or units). Functionally, the Adapter contains the fol-
lowing five logic sections:

1) Check-Data Strobe-Bit Count section.

2) Unit and Track Address-Sector Equal and com-

mand section.

3) A or B Control Select-Head-Adapter Done section.

4) Read Logic section.

5) Write Logic section.

The Checkword-Data Strobe-Bit Count section produces the
CKWD, DATA STROBE and BIT COUNT signals. The Check~
word logic of this section forms the 16 bit checkword during
read and write operations. The assembled checkword is the
last word written into each sector. The assembled check-
word is transmitted serially from the checkword shift reg-
ister to the Write logic section via the CHKCH line, where
it is gated out to the Disk Drive unit via the WRITE DATA and
CLOCK line. The checkword assembled during a read op-
eration is compared with the checkword written on the Disk
for equality at the end of the read operation. Comparisonis

performedon abit-by-bit basis. As each bit (of the recorded
checkword) is read in from the Disk, it is comparedwith the
least significant bit of the Checkword register. Each bit of
the recorded checkword read in (after the first comparison)

also causes the Checkword register to be (right) shifted for
the comparison. The recorded checkword bit is presented to
the checkword logic via the READ DATA line. READDATA

also provides the information required to form the check~-
word duringthe read operation. (Itis notedthat READ DATA

is also the information line which carries the data read from
Disk to the Register section.) Likewise, the WRITE DATA

line provides the Checkword logic with the information re-~
quired to formthe checkword during a write operation. The
READ and WRITE are Commands decoded from the signals

on the CM1 and CM2 lines.

A WRITE GATE or READ GATE signal is produced by the
appropriate (write or read) logic section for the Disk Drive
unit. The WRITE GATE signal turns on write current and
erase current simultaneously inthe selected Disk head, there-
fore WRITE GATE is held on (or true) for the entirewrite
operation. The READ GATE signal, on the other hand, en-
ables the READ CLOCK and READ DATA outputs from the
Disk Drive unit electronics, and also is held on (or true) for
the entire read operation.

The READ CLOCK line from the Disk Drive electronics
provides pulses that represent clock signals which have been
separated from data signals (within the Disk Drive unit) dur-
ing reading. Converselythe READ DATA line from the Disk
Drive electronics provides pulses that represent data signals
which have been separated from clock signals (within the Disk
Drive unit) during reading. The READ CLOCK signalis used
to synchronize and control the Read logic and Checkwordlogic
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during the read operation. During the write mode of opera-
tion the Write logic and Checkword logic are synchronized
by the outputs from a two stage ring counter driven by the
5.75 MHz Adapter oscillator, which together function as the
write clock.

Sector register data from the Disk Drive unit is com-
pared, in the Sector Equal logic, with the Sector Address
data transmitted from the 4046 Control via BUS lines 0 thru
2, and the S8 lines. This comparison is basically a four bit
binary exclusive OR comparison to determine equality. The
output from the comparison logic is testeduponthe arrival of
eachSECTOR (MARK) PULSE from the Disk Driveunit. SEC-
TOR MARKS are generated withinthe Disk Drive unitas each
sector slot (on the Disk shaft assembly) as it rotates by the
sector transducer. The leading edge of this pulse provides
a mechanical reference as to the start of the associated sec-
tor. (The SECTOR MARK also increments the Sector Ad-
dress register within the Disk Drive unit.) An equality sig-
nal from the comparisonlogic together witha SECTOR PULSE
(a slight nomenclature change tothis signal line occurs as it
passes through the interface between the Disk Drive unit and
the 4047 Adapter, i.e., SECTOR MARK becomes SECTOR
PULSE) will allow the commanded read or write operation
to begin.

The data loaded into the Track Address register of the
Track Address logic section istransmitted to the Disk Drive
unit via eight interface lines (binary lines 1 thru 128). Ini-
tially and after the data has been loaded into the Track Ad-
dress and given a chance to settle, a TRACK ADD STROBE
signal is sent tothe Disk Drive unit. The Disk Drive unit in-
terprets this signal as a command to sample either the eight
TRACK ADDRESS lines or the RESTORE line. The TRACK
ADD STROBE signal and the TRACK ADDRESS data must be
held in their specified states until the ADD ACK (ADDress
ACKnowledge) signal is issued by the Disk Drive unit. This
requires a holding interval between 22.5 and 37.5 micro-
seconds., The TRACK ADD STROBE is released as soon as

ADD ACK is received.

As described previously, the 4047A and 4047B Disk Drive
units contain two heads. The HD SEL (Head Select) line al~
lows selection of either head relative to the logic level pre-
sented on this interface line. A logic 0 (0 voltnominal)
signal selects the upper head whereas a logic 1 (+ 5 volts
nominal) signal selects the lower head. The selected level
placed on the HD SEL line is held for the entire duration of
the read or write operation.

1-2.3 Instructions

The I/0 instructions for the Disk Control Model 4046 are
provided in other Data General publications (e.g., Nova Disk
Pack Drive Option Bulletin), and are included here for gen-
eral reference purposes. The Device Select code for the
4046 Control is octal 33.

1-2.3.1 Seek Instructions. The SEEK instruction is in-
itiated with an I/O "P' pulse. It has no effect on BUSY or
DONE but does require 50 microseconds to initiate (for the
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4047A or 4047B Disk Drive units). The Adapter will hold the
SEEK for 6 seconds or until READ or WRITE DONE occurs.

If no READ or WRITE instruction follows a SEEK, the
Adapter will accept another SEEK, This prevents consecu-
tive SEEK instructions with no READ or WRITE from tying
up an Adapter. SEEK DONE is set at the completion of a
SEEK, and will cause an interrupt on the control initiating
the SEEK.

1-2.3.2 Read/Write Instructions. The disk control isplaced
into operation to READ or WRITE with the I/0 "S" pulse. If
the Adapter is busy or the Disk Drive is not ready, BUSY is
set, and the READ/WRITE instruction is held.

The setting of DATA LATE indicates the transfer rate of
the disk was greater than that of the I/0O channel during peak
periods of 1/0 traffic. If this condition exists, the program
will automatically reposition the READ/WRITE heads to cyl-
inder 000, SEEK and try again.

If there is no error condition, the control waits until the
selected track sector is encountered and then processes the
information in the block making data channel requests when-
ever it has a word ready for memory in READ or when one
of the buffers is ready for WRITE.

In READ, if the checkword read from the disk does not
agree with that computed by the control, data transfer is
halted and the head and sector in error may be read via DIC.
During the transfer of several sectors, if the endof the cyl-
inder was detected and the sector count was not zero, END
CYLINDERwill be set and no automatic SEEK to the next cyl-
inder takes place.

1-2.3.3 Function and Format

DATOA DATA OUT A

Interrupt Reset Mode

Load Interrupt-Reset Register, Mode and Cylinder address
into the disk control. Perform the function specified by F.

The mode bits (6 and 7) generate the disk pack command as
follows:

BIT 6 7 FUNCTION
0 0 READ
0 1 WRITE
1 0 SEEK
1 1 RECALIBRATE
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DATOB DATA OUT B

Core Address

Load the contents of AC 1-15 into the Core Address Register
with the STARTING Core Address.

DATOC DATA OUT C

Drive ¥ Head Sector Sector Count

— A 1 1 1 - 1 A i 1 | .
0 1 2 3 4 B 6 7 ) 9 10 1 12 13 14 15

Load the contents of AC 1-15 into the disk UNIT, HEAD,
SECTOR and SECTOR COUNT address register. Select the
UNIT, HEAD and SECTOR from which data is to be trans -

ferred initially, and select the two's complement number of
consecutive sectors to be transferred.

DATIA DATA IN A

Read the status of the disk system into the AC bits 0-15 as
shown.

End | Add | check| pate | Error
RD ok | seck | of Error| Error| Late
WR Seek Done Seeking Ray | Err | vl | or

Done, Unsafe
213 o) 11 21 3
3 4 5 6 7 8 9 10 1 12 13 14 15

21 11}
o 1 2

AC bits 0-9 indicate status of the drive.
error conditions.

Selected disk drive did not complete a SEEK.

The HEAD address register has incremented be-
yond the last HEAD of the cylinder. This condi-
tion will cause a consecutive sector READ or
WRITE to stop transfer.

The disk selected by the program is unsafe for
operation or the address selected on the disk does
not agree. Address errors are a mismatch be-
tween the header data and the cylinder head be-
ing sought.

In READ, the cyclic checkword read from the
disk surface did not agree with the checkword
computed by the control.

The data channel failed to respond in time to a
request for access. (This can occur because of
a long instruction or channel pre-emption by a
faster device.)

The "OR" condition of bits 10-14 exists.

Bits 10-15 indicate

AC 10
AC11

AC 12

AC 13

AC 14

AC 15
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DATIB DATAIN B

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

Read the contents of the Address Counter into AC bits 0-15,
NOTE: Core Address Register (C) = Starting Core Address
+ 256N + 2,where N = Number of Sectors Written.

DATIC DATA IN C

Drive Head Sector Sector Count

1 1 1 N A 1 1 ] 1 1
o 1 2 3 4 5 0 7 8 9 10 1 12 13 14 5,

Read the present contents of the UNIT, HEAD address, |
SECTOR address, and SECTOR COUNT registers into
AC bits 1-15.
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1-3 PHYSICAL DESCRIPTION

The Disk Control Assembly Model 4046 is a 15 X 15 inch
printed circuit board (PCB) Assembly designed for plug
mounting in the multiple printed circuit board connector lo-
cated within the Nova or Supernova Enclosure Chassis. The
4046 Control Assembly PCB is inserted horizontally into the
Enclosure Chassis andon aplane with the particular slot pre-
viously wired for this assembly. An outline drawing typical
of the standard printed circuit boards provided by Data Gen-
eral is provided in Appendix-A of the "How to use the Nova
Computers' reference manual,

The physical and electrical specifications for the 4047
and 4049 Adapters are listedin Table 1-1. An outlinedraw-
ing of the Adapter enclosure is shown on Figure 1-6. The
performance specifications for Data GeneralDisk Drive
types, 4047A & 4047Bare presentedin the Drive publications
under separate cover.

1-4 PERTINENT DOCUMENTS :
The following documents serve as’ source materlal and
complement the information in this manual. Publications
available from sources other than Data General are listed
with the address of the alternate source. Publications listed
without an alternate source address are available only from
Data General,

How to Use the Nova Computers

Series 30 Disk Drives
Product Description No. D3031-670

Diablo Systems Incorporated
24500 Industrial Blvd. ’
Hayward, California 94545 ¢

Maintenance Manual

For Model 31 Disk Drive No. D3140 171
Diablo Systems Incorporated

24500 Industrial Blvd.

Hayward, California 94545

Moving Head Disk Control
Diagnostic DGC Manual 097-000039

Moving Head Disk
Reliability Program
DGC Manual 097-000038

1-5 ABBREVIATIONS

Listed below are the most commonly uwd abbreviations
of registers, operations, components, instructions, and sig-
nal names. Itwill benoted that this listing has heen compiled
in alphabetical-numeric order to facilitate referencing.

Table 1-1. Specification Data-Adapters 4047 and 4049

Enclosure Height
Enclosure Width (Mounting)
Enclosure Width (Enclosure)
Enclosure Depth

Weight

Power Requirements

Power Supply Outputs**’
+15 volt
~15 volt
+ 5 volt

Logic Signals

* 230 volt on special order

Physical Data
Adapter 4047

7 inches (nominal)
19 inches (nominal)
16 15/16 inches
19 5/8 inches
30 Lbs.

Electrical Data

115V or 230V *Single

phase, + 20% 47 to

63 Hz, Maximum
_Current 2 amperes,

T 230 watts.

8 amperes (Max.)
5 amperes (Max.)
3 amperes (Max.)

Low = 0 volts to
+.4 volt
nominal

High = +2.5 volts to
+3. 5 volts
nominal

Adapter 4049
7 inches (nominal)

19 inches (nominal)
16 15/16 inches

19 5/8 inches

55 Lbs.

115V or 230V *Single

phase, + 20% 47to - = -

63 Hz. Maximum fe T
Current 4 amperes, . }

460 watts.

17 amperes (Max. )
10 amperes (Max. )
3 amperes (Max, )

Same as 4047

Same as 4047

** Maximums specified are based on maximum configurations as defined in Paragraph 1-1.1 of this manual.
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!

9 5/8"

| |/4u

19" ﬂ=f

NOMINAL

Figure 1-6. Outline of Adapters 4047 and 4049
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ABBREVIATIONS
ADAPT DONE (1)t ettanneionctnecceonsooaeeenasenessensssnannns Adapter Done (flip-flop output)
ADAPTER SEL ... ttiiieioerasoscesestsnasosasonsaasasoecnanes Adapter Select
ADHUNSF ittt ittt e totattitietnntesecenncncnonnans Addressing (error) or Unsafe
ADHUNSE (1) euotueoenensasecanassstntoneanaasassensasesnanenns Addressing (error) or Unsafe (flip-flop output)
ADV HD it ittt ittt iiesnnvoneensenssasessosasssssasssssnsonnane Advance Head
ADV HD: e et vetrennneennrenneronnnenenneenns e, (Complement of above)
ATTENO-ATTENS. ¢ ittt it iititietteteesneanenssaronnonanes Attention Line 0 thru Attention Line 3
BIT COUNT ittt ttttieeeeennetarsennsssseoensnannssonnsonnns (Increment the Bit Counter)
BUSO-BUS Tttt ittt it ietenttstenrnneneescossenrosnasaas Bus Line 0 thru Bus Line 7 (to Disk Units)
CAD=CA L . ittt ieietrnnesosnscaototoscsssssssssansssonasanses Current Address Register Outputs 0 thru 15
CKWD (1)entteneiinnteeneseessesasosnsossansanssassessseennsess Checkword (flip-flop output)
CRWD (1)t e et eetttteeeeanteeener ettt eaaneeeneaaineeannnas (Complement of above, flip-flop output)
CLEAR ALL .t tttiitiiitiietniestieeneeasnenasnssansssnsanenns Clear All (logic reset function)
CLEAR ALL........ C e ieeaessieteet ettt ettt e eaaas (Complement of above)
CLEAR et ettt tineeiensosssraassroanssacssarossseeatsonssssass Clear (logic reset function)
CLEAR:. . ettt eeerntonannnns ettt eeteaes ettt ann . .(Complement of above)
CLEAR ittt i ittt teietiaaeeeneenaesannesnnonass Clear (Bit and Word) Counter
(03 9100 ) 2 > Clear Pulse (strobes DONE and ADV HD)
T Attt ittt ieeeeernsesennonssoeneesassoassnsoeanennannns Clock A (load function-Data Storage register)
L 7 - - Clock B (load function-Data Storage register)
L 50 = (Complement of above)
CLE A R ST AT U e ettt ttieeeniretotenseeeeoasnnnneaesonnannenad Clear (error) Status flip-flops
CLK SHIF T et entevereenossosssanseonossnsssntsssasessssnnsanss Clock Shift (for 32 bit Shift register)
L0 2 ) 2 110 230 SO (Complement of above)
CLK DB At iitiiintsnnasoeasastotaossssseansonseenasonansesns Clock Data Storage A (load function~Data Storage register)
CLK DS Bt ettntintroieneeasarssestosateatasssssssssotosssansns Clock Data Storage B (load function-Data Storage register)
[0 I T 7Y (Complement of above)
CLR FLAG: .t ittitttiterasossoaseaerosasssoassnsasnssesennans Clear (Data Request) Flag
CMIletooieeeronsoonnasnsens et ettt e (Operation select) Command Line 1
Mttt iienteveeneeeessosnssonssoasssasacnssossannnasonsonss (Operation select) Command Line 2
CONTROLL: ittt tiettteneensoesassnnsneeesesnsassnnenronas (Start Adapter function) Control 1
CONT ROLL. t ittt ieiiiieiiteasnreeeeseesosessssansossssnannas (Complement of above)
CONTROLZ ¢ it ttitttteresnacanosanssnsasassssssssnnssansesenns (Seek Timing function) Control 2*
CONT ROL 2 .ttt ittt enantatetsteesnnsosnensessensscannns (Complement of above)
CL R et tit ittt ii i itutecessneessasnsssusasessonessnsnsonses (I/O Bus signal) Clear
CLRREQ..c..ceeeuenns Ceresesees N Clear (DP Data Channel) Request
CY L et inetenoeeeneteesunasssnssesosaseasaosoasssossnssononaas Cylinder (Seek Timing function)
CYLeeeeennn Chietnasenan G ececcstsenaietesseserarsasnrannrstns (Complement of above)
CyL1, CYL2, CYL4, CYL8, CYL16,
CYL32, CYL64, CYL128.veteettreteioeresceassronsacessosansas Cylinder Register outputs
DAT At et eaeeereteanoesncncesseosenncanss teeeierecteacrsrnnas (Computer) Data (to be written on disk)
DATA LATE (1) ceeetueternnseeosotestsessssosnssssassosansnsss Data Late (flip-flop output)
DATA LATE (1)icteeeeeeeesosonrstonsescsasassesssanssnsans ...(Complement of above, flip-flop output)
DATA STROBE ..ottt iiiiiitiirtatrtensonsensncsssssanssances Data Strobe (controls serial-parallel, parallel-serial

movement of data)

DO-Dleeeeeteenreseesenstasessosssoessanscasnsssssnassnsassnsns Disk (unit select) Lines 0 and 1
DATAOG-DATALD ccvvretcrseentacnssasssssonsensaasonnnseansens (I/O Bus signals) Data0 thru Datal5
DATAO-DATAL S e eveetorreesraseensosssssosssscssseanscesasanas .(Complement of above)
DATIA « et veeteeeeeneanennsensenesesensenssessesssnsessenneunes (1/0 Bus Signal) Data In A
DATTB et e s eeeeaaenonesensesnasesnsasaoaseunsessnsennoeennnaos (I/O Bus Signal) Data In B
DATIC s et v eesoneneenassosstoaasoosassasosnssasensesocasnnnnns (I/O Bus Signal) Data In C
DATOA « e e eteeeneenesoenennnenesasenseesnensneneneenenennsenes (I/O Bus Signal) Data Out A
DATOB e ce0ceeeneanaennenensanesosesssscesssasssssesssnneansss (I/0O Bus Signal) Data Out B
DATOGC ¢ 0o tvevsunsssesoeasssaasossassassssenasannsssssanonnes (/0 Bus Signal) Data Out C
DCHA .tietiiiiiittnsnnennnnnnas G teatteirctatrsosseanaaans ..(I/O Bus signal) Data Channel Acknowledge
207 1 (/0 Bus signal) Data Channel In
DOHMO ¢ ¢ et e et vesannnetnenssasososaosassnssossnnenesansnssnnes (I/O Bus signal) Data Channel Mode

*Not used with Adapters 4047 and 4049
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ABBREVIATIONS (Continued)

703 (S (I/0 Bus signal) Data Channel Out
DCHPIN....oovvevnnn et etieiaeieieteietienetatietan s (I/O Bus signal) Data Channel Priority In
DCHPIN.......... Ceeeeeseeineeeas Cetecessescranccnrasaenanns {Complement of above)

DCHP OUT 4t tteettennnssenessonsanssioesssssescsannsessons . (I/O Bus signal) Data Channel Priority Out
DI F ¢ e veenneoeeenseossaaesnsnossassosasssssnsasssscaasennass (Seek Timing function, address) Difference*
10 ) (Complement of above)

50 ) (Stop function indicating 4046 Control is) Done
131 Disk Pack (mnemonic for 4046 Control)

DP BUSY (1)eeeveeeeasoasacsscncssoessssoasassnnns ceshesersans Disk Pack Busy (flip-flop output)

DP BUSY ttiienncereecnnsteessesssssasossssatosaacnsssososasanne Disk Pack Busy (flip-flop)

DP DATIA .« ittt ieiiieeencotseensnnsnannns Ceeesesiesacenansans Disk Pack Data In A

0 2 ) N 1 12 «e...Disk Pack Data In B

DP DATIC ettt iteienseeocenssssosssssansssncsasscssssonnsonses Disk Pack Data In C

DP DATIC s ittt ieeneensesesssassoasssoassssasennsssscsaasssasns (Complement of above)

DPDATOA .. cvveiiinnnnns St eiitesaeaissetscacnatansranenens Disk Pack Data Out A

DP DATOB ..t itreeterorossscesssosssssssnsasassassssnnnss ...Disk Pack Data Out B

DP DCHA. ittt tiiiitinetineeenscoasasasiosasonsassacasnassonns Disk Pack Data Channel Acknowledge

DP DCHI..oveeveevennnecnnns secersesasisanassaesaan +eeeeseas.Disk Pack Data Channel In

1 S 0 L I (Complement of above)

DP DCHO  ivtvrionreorossesassssconsssssssaesssssnsnsssosnsss Disk Pack Data Channel Out

DP DCHO . euitiierentnrnerosssssassssacssnsssssssesassansnss . (Complement of above)

DP DCH REQ ..iiiiteeiiisercacsoenssnssisssssssscsosassaannns . Disk Pack Data Channel Request

DP DONE ciitiiteeinenneeasseescosonsasossssnssnnnsannns ..... Disk Pack Done (flip-flop)

DP DONE (1) eevececronososcsanassnss ceteseenreen Cetecacasians Disk Pack Done (flip-flop output)

DP FLAG . iittiitiieencneassesossssoacenssasnsssnsnsesaannsss Disk Pack Flag (flip-flop)

DP FLAG (1)eeenetenueenaesusncensnsssasssossocssscssssnssnnans Disk Pack Flag (flip-flop output)

DP INT e ettt enereenananne Cteeesesesseratectaonrtareanerene Disk Pack Interrupt

DP INT DISABLE. ...t tiititiereeeeencsnscasenssescsssssesnanns Disk Pack Interrupt Disable

DPINT REQ .. iiuieiioioiessseesesncsansssasosasesassssananssns Disk Pack Interrupt Request (flip-flop)
DPINT REQ (1)icevcvncncnnsnasannne P Disk Pack Interrupt Request (flip-flop output)
DP JOP ccuueieeeeseeenoecnesscnncassasssssnnns csecessearsnana Disk Pack IO Pulse

DP SELECT ¢ ititttientersncensesotsscsosecossessocanseansane Disk Pack Select

DP START ¢.iiiivnnecnnccnananns ceeeaen crerescanes crreeeneans Disk Pack Start (derived from I/O Bus STRT function)
DP START ..ot cetiesscoossncsnessnsonsas tetsessccsnsesseseq.(Complement of above)
DSO-DS31...icvvennens terevireseaetannan Cisesseieerrreassenanse Data Storage Register Outputs 0 thru 31
DSO-DS5....cc0u0vne et eeenesetietiest sttt acnasttesenanonan .. Device Select lines 0 thru 5

DUR . .iiutaeeeeseaasssnsassssssssossossssasssssecnssssnsasssnns (Selected) Disk Unit Ready

3 Cerettraes Ceeeeeesanianas Enable (multiplexer to I/O Bus)
ENCA..cioiiiiirinnnnnens Cieeetteteesaenenienronnanan cerenene Enable Current Address data (multiplexer to I/O Bus)
EOC. . ieiieineeeeroneesannnnns eessseeassesettsratssseenaanne End of Cylinder (flip-flop)

EOC (1)eceeveetasscscesasasasessscsscasssssssssnssssssessssss Endof Cylinder (flip-flop output)
ERR..vivnennnnas tenssecasens ssececscassesssansonn veesesseses Error (common signal for all error conditions)
FDONE ... iiiteetrenenennessesncsaoanannnnns N Format (writing on disk) Done

FORMA T .. it ietittninerensoeecesnetsscsaansossasansssaannnns . Format (the disk mode of operation)
FORMAT.......... eebiasseaenaesannns Cetetessesancassanaanns (Complement of above)

HD1, HD2, HD4, HD8, HD16........... S issncaasssnrecnscnnnns . Head Register outputs

HD +DIR...ccveeee Ceeesaceseerratstosecseassteasoessnanan ....Head and Direction (Seek Timing function)*
HD +DIR....coeeecnecnne cetierstnssene etaesraenne et esseane (Complement of above)
INCCA...icvvvrnennene C et eeteceetasteriacesenettresaaeareanan Increment Current Address Register
INCHEAD .. .coovterennnsacsanannsns Ceerseecesestasereeseanann Increment Head Register

INC SCiviitinnenenneeesascsosasssnannss Cheeseteceneresnsenaan JIncrement Sector Counter
INCSC...oovvevneennnnas ceereceenaren citeccecnenes veeeeses...(Complement of above)
INTA.eeereeneenanans P Ceteeeteaaneratacneeteaeneesenns (/O Bus signal) Interrupt Acknowledge
INTERRUPT........... ceseseae esescnsasans eeeeseaecaenanaen . (Present operation done, request) Interrupt
INT P IN ¢t ieeecececsoroencnasancsosnsocsssossanssane veeeeesss.(I/O Bus signal) Interrupt Priority In

INTP OUT civevnneeeeoeeaceesocssesosnssosessasasasses veeeee..(I/O Bus signal) Interrupt Priority Out

*Not used with Adapters 4047 and 4049
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ABBREVIATIONS (Continued)

INTR ttiieiennnennseonnsnensannns P (I/O Bus signal) Interrupt Request

TO P LS ettt ettt tereanneaasnsosassssssssesnonnnnssansnanesns (I/0 Bus signal) 10 Pulse

IO RST o vt v eteenereraarnnnassansseseosunnssonssenansesossases (I/0 Bus signal) IO Reset

90073 5 1S S Load Ghift Register from Data Storage Register)
MOKO et ettt ittt teneesaneseasneeesesacsessesennersessseeannns (I/0 Bus signal) Mask Out
RDWR....itveveneenonnanans ceeresaans Ceetesneeesatrrannnnas Read or Write (operation)

RD/WR DONE ... ttiiittittetniianeenereoseeannesnssnnenacses Read or Write (operation) Done

READ . itttitttiienianeeasseesoseesnensasssssaassssnsnssnnans Read (Command decode)

READ it itiitiieeieneenoesonsessosscnsossssnscnssnseseasasns (Complement of above)

READ DAT A .t iiet e iitieennnenosncassnsssennsanonsasannss Read Data (from the disk)

REC AL ittt ittt titietntnntiennseseesensasocenssssoncnsnsoans Recalibrate (command decode)

REC AL st ivettienrarotnoceeseatossssossssasossssssaasssonssas (Complement of above)

RESET tivierreannracnnecnsnans et eeteeai e rer e ettt Reset (derived from I/O Bus IORST)

RESET .t iiitinreinncacenranannnns et eieteeeese e iaeans (Complement of above)

RESET S (1) eteueiveeorneisoeeesanssossannssoasasossasonsnsnssns Reset Sector Register (One-shot output)

REQ L i tiititiitiiieteeeneneenssnsnunosensscenanssnsasnsanes (First data request or) Request 1

RAENB ..ttt tntrestoseesouarosstassosasssasesanssssassssasass (I/0 Bus signal) Request Enable

SEEK it itintiiitittiseiioressoceesecascsnssassessssasssnane Seek (Command decode)

SEEK..... eeteeteeierennaans et eeeiiear st teta e (Complement of above)

SEEK DONE ...\ iiiiiiiiitientinreneenrossaseseasossssnsncnas Seek (operation) Done

SEEK DONEOQ (1) et ueurerenrtnssnsrusossasassasaasassssenss Seek (operation) Done (Disk Unit 0) (flip~flop output)
SEEK DONEO (1) ecueveeesteesansocssassssanssosaasoneessananss (Complement of above, flip~flop output)

SEEK DONEL (1) et tiereeneerosnsssanssoesassssnsssasssssnsnns Seek (operation) Done (Disk Unit 1)(flip-flop output)
SEEK DONE1 (1)....cu0u. PN (Complement of above, flip-flop outout)

SEEK DONEZ2 (1) ettt iriuineeeenneenssrosssesoncsscsssscsantoas Seek (operation) Done (Disk Unit 2) (flip-flop output)
SEEK DONE2 (1)t euerereaoscsssoscnasssssssosssnssosscasnnsos (Complement of above, flip-flop output)

SEEK DONE3 (1)ecetiernierecnananssancnnnnns e ceesaceeeanae Seek (operation) Done (Disk Unit 3) (flip~flop output)
SEEK DONES3 (1)eetceavsnoaronontasntossscesscrssssesssnasosane (Complement of above, flip-flop output)
SEEKINGO...vcvvveenss te s esessessetesecasreresaetracasananens (Disk Unit 0) Seeking (indicator flip-flop)
SEEKINGL ..ot ineesnoseroessenssssnrocasosonsanossssassssens (Disk Unit 1) Seeking (indicator flip-flop)
SEEKINGZ et iueeatsonersaocscancensnens ettt (Disk Unit 2) Seeking (indicator flip-flop)
SEEKING3.......000 eeceee e tesetanseserstaaaneasbatonaasens (Disk Unit 3) Seeking (indicator flip~flop)
SEEKINGO (1)....cvvu. C et teeesestacestsitetacnnateatoarannns Seeking 0 (flip-flop output)

SEEKING1 (1)...... Ceecesseeacaenatannannnan ereeseateraaenns Seeking 1 (flip-flop output)

SEEKINGZ2 (1) eecevaen. e eaesssesteentsestenenatesrasenaanene Seeking 2 (flip-flop output)

SEEKINGS3 (1) c0encen. teesasaeas Ceeerseasetesaaneaciacesanaas Seeking 3 (flip-flop output)

SELB........ N (I/O Bus signal) Selected Busy

SELD cvveeeevoncnoonanoonssnuans e eterieieeesestttaeeananas (I/O Bus signal) Selected Done

SHIFT DONE . ... et tittieereitenenasssecsancnrosensosansasans (32 bit Shift Register) Shift Done
SHIFTO0-SHIFT31..... ceeenian N (32 bit) Shift Register Outputs

SKE.......... tesscessetsaanensanene sesasenes teeeasseterananen Seek Error

SKE tiitteinnreenassncennsennnnas Ceseraeanane seersesrescsoeas (Complement of above)

START ¢ceevveennnnnnnn Ceeeearaaneann eeeaan teeecessesaetaanns Start (Adapter signal function)

START .. oivvnrerennencananean e assrastesiseretactneaarnes (Complement of above)

START (1)eecveecnnen esessescssserssans Ceeerasesreaastaaanen . Start (flip-flop output)

START ADAPTER (1)ceeeevrnncancnnn Ceeesaeteantsesensenaann .. Start Adapter (one-shot output)

START SEEK i.i.ititiitnrneireeceocstssesssstossssnssnsosannns Start Seek (strobe-sets corresponding unit Seeking flip~flop)
STOP(0)eevevvnnnnnnn Sevsessscacsesnerssavetsssstssassresnoes Stop (flip~flop output)

STRT cevevennnnnes ceeeneen Cheeeiesietiiiaeeaas ceeeene cereens I/O Bus signal) Start

S0, S1, S2, S4, S8, 88...ivuiiineiiinnrnaann Ceretereriieeeanes Sector Register outputs

SC1, SC2, SC4, SC8....cvvevsans et eteeietteeeet et tteaeens Sector Counter outputs

TS ENABLE....ccocetteecerocasoanssncssensonons Ceeeaieaines Time State Enable (flip-flop)

TS ENABLE (1)....... teeeceesaerans tessssnasne erassseesans .. Time State Enable (flip-flop output)

UNITO . oovvenneonrananeann Ceeeeasciestestectetaretraeearannse . (Disk) Unit 0 (Select)

UNIT1..... BN sessssssacasesseteosesatesnsoananns (Disk) Unit 1 (Select)

UNIT2 . eeeeenennennens Ceeserucecctesentstanenonn Ceeeeesiiaaans (Disk) Unit 2 (Select)

UNIT8 . eeeeernreocanonsnnrnanss eeees Cesesciessnsrsnras cesrne (Disk) Unit 3 (Select)

1-17



Data General Corporation (DGC) has prepared this
manual for use by DGC personnel and customers as a
guide to the proper installation, operation, and main-
tenance of DGC equipment and software. The drawings
and specifications contained herein are the property of
DGC and shall neither be reproduced in whole or in part
without DGC'’s prior written approval nor be implied to
grant any license to make, use, or sell equipment manu-
factured in accordance herewith.

ABBREVIATIONS (Continued)

WERITE ittt iteteenrosanassseasosonsossnsosnnsosscnascnnssnnans Write (Command decode)
BRI T E e evevrtreeeecunconsannaonssoscasansnseennns e . (Complement of above)
XFER DONE +.0vvureeennnnnnenenn Crereecianes Cereeeieaan .... Transfer (of data) Done

2N REQUESE « e v v vvvevneevunrnsesaeanosescassnacasnessssessas.s Second (data) Request (from 4046 Control to Processor)
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SECTION II

INSTALLATION

2-1 GENERAL

This sectionprovides detailed information and procedures
for installing the Data General Disk Cartridge System. The
Disk Drive unit (4047A or 4047B) is packed and shipped in a
special reusable container which may be retained for reship-
mentuse. Placethe shipping container right side up and open
the center flaps. Exercise care when opening the container
to prevent damage to the finished surfaces of the unit. The
equipment manuals and unpacking instructions should now be
accessible from the carton. Follow the unpacking and instal-
lation procedures as listed. It is recommended that three
people be used to remove the Disk Drive unit, two people to
lift the unit from the carton, and one person toassistin clear-
ing away the empty carton. The next important step in un-
packing the Disk Drive unit is to remove the shipping clamp
from inside the unit. This should be done as soon asthe unit
is removed-from its shipping carton, to eliminate the possi-
bility of damage due to any inadvertent attempt to operatethe
unit with the shippingclamp still in place withinthe unit. The
top cover will have to be removed from the unit first to pro-
vide access to the Shipping Clamp. The clamp holds the head
positioner overtrack 0. The presence of this clamp prevents
the insertion of a cartridge. No other shipping clamps are
included. Inspect the unit both internally and externally for
evidence of shipping damage. If any damage is present do
not attempt to operate or connect power to the unit, rather
notify Data General FieldService and the carrier company im-
mediately. If no visible damage is present reinstall the top
cover and complete the restof the installation procedures for
the Disk Drive unit.

The Disk Adapter unit, 4046 Control assembly and cables,
are shipped together in one container. This container actu-
ally consists of two protective containers which are packaged
inthe form of a box within abox. The inside container rather
than a box is a special styrofoam container used to holdthe
Disk Adapter unitand cables. The 4046 Control Assembly is
wrapped in a cardboard container and packaged on top of the
styrofoam container. The cables are packed inside the styro-
foam container in the rear of the Adapter unit. Inspect both
shipping containers for any visible intransit damage such as
would result from dropping or being punctured or crushed.
Contact the carrier and Data General Field Service immedi-
ately if any damage is discovered, specifying the nature and
extent of damage.

2-2 INSTALLATION AND CHECKOUT PROCEDURES

The following paragraphs describe the proper method of
unpacking the Disk Adapter unit and 4046 Control assembly,
and procedures for verifying, operationally, and proper in-
stallation. It is recommended that all shipping hardware,
packing material and cartons be saved and stored (after un-
packing) in the event the Adapter unit and 4 04 6 Control as-
sembly are ever reshipped.

2-1

2-2.1 Installation Procedures
The following procedures are used in unpacking and in-
stalling the Disk Adapter unit and 4046 Control assembly:

a) Placethe shipping container right side up and open center
flaps. Figure 2-1 shows the relative positions of the outer
and inner carton.

b) Remove top layers of cardboard.

c) Removethe 4046 Control assembly and Document packages
from top of the styrofoam container.

d) Remove the four foam cushions from each corner. These
cushions areused both to secure the inner box in positionand
absorb shock and vibration during shipment.

e) Open the 4046 Control assembly package and examine the
PCB assembly closely for any possible shipping damage. If
any damage is evident do not install the PCB assembly in the
Processor, rather notify Data Gemeral Field Service im- -
mediately.

f) Ifno visible damage is present install the 4046 Control as-
sembly into the Multiple PCB Connector slot (within the Nova
or Supernova) prewired for the 4046 Disk Control.

CAUTION:

MAKE SURE ALL POWER HAS BEEN
REMOVED FROM THE PROCESSOR
BEFORE INSTALLING THE 4046 CON-
TROL PCB ASSEMBLY, OR ATTACH-
ING THE COMPUTER-TO-ADAPTER
CABLE.

g) At this point it is assumed that the Disk Drive unit has
been removed from its carton, the shipping clamp has been
removed, and the unit has been inspected. Preparatory to
installing the unit into a standard 19" rack, each supporting
slide rail for the unit must be mounted to the rack cabinet.
The procedures for securing the slide rails and subsequent
mounting of the unit onto these rails are as follows:

1) Slide rail dimensions are 20 9/16" from
(mounting) face to face.

2) See the Installation drawing, Figure 2-2 for
the proper placement of nut plate and speed
nut clip hardware. The amount of clearance
required between the top of the Disk Drive unit
and any panel or equipment located immediate -
ly above it in the rack is also specified on the
Installation drawing. Use the (12) #10/32 ma-
chine screws shipped in the container along
withthe Disk Drive unit to fasten the slide rails
to the rack cabinet.

3) Verify rails are opened to the stop position and
remain in this position while the Disk Drive
unit is being placed onto the rails. This is re-
quired to facilitate alignment of the holes
in the rear of the drive unit enclosure
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TOP OF INNER CARTON

OUTER CARTON

Figure 2~1. Relative Positions of Outer and Inner Shipping Cartons.
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Figure 2-2. Installation Drawing for Data General Model No's 4047A, 4047B & 4047 or 4049. (Sheet 1 of 3)
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NOTES:
1. CONFIGURATION GUIDE F. Insert Model 4047A or 4047B into slides,
; . engaging guide bullets in back of slides,
A. ga@al 4047B is shipped as two separate thengengage friction fasteners at bottom o
rives. of slides.
B. If Model 4047B is used mount removable Disk . .
Cartridge Drive below fixed Disk Cartridge G. CAUTION: At this time remove top cover of
Drive so that swing radius of the load door I047A or 4047B and remove clamp that is
on Disk Drive doesn't create a configura- holding Head Positioner over track 0 (this
tion problem. (See sheet 2 DGC 010-000012 clamp is used for shipping only) then
in zone D-1, D-2, and D-3). replace top cover. This step is a WARNING —
necessary prerequisite before Disk - .
C. P3 on Adapter (4047 or 4049) is only used Cartridge (Model 4047C) can be inserted. This Drawing Un-
for dual processor mode. (See Figure 1-4 in : controlled: See
DGC instruction manual). H. Unlock slides and push Model 4047A or :
D. Cable or cables used to interface Adapter 40478 into the rack uni;il they SFOP . II;rll}t 'Set For Latest
" (4047 or 4049) to Central Processor or against the front vertical mounting rails. evision.
processors are supplied with Model 4046 J. Secure Model 4047A or 4047B with 10-32 c
gggfggéaég?ese are DGC P/N 005-000468 or screws as denoted on Sheet 2, DGC 010-
: 000012, then mount magnet dress covers
E. Unit placement in the rack & cooling guide over hardware.
(See DGC 012-000012, Sheet 1).
K. Slide adapter (Model 4047 or 4049) onto
2. SUGGESTED INSTALLATION PROCEDURE guides (item 4) and secure to front
. . vertical mounting rails with 10-32 screws,
A. Remove side panels from cabinet, DGC Model mount console and secure console using P
No. 1012A or 1012B. 1/4 turn fasteners.
B. Establish "Start Point" for particular con-
figuration (See DGC 010-000012, Sheet 1) " Dec 010-000012 a(:oggnobiinggH}S\l;;egFlSIGNAL
and install (ltﬁ“‘ 4 Lewo Places as shown) CABLING.) For expansion of %047, 047A
using Mounting hardware supplied. or 4047B, See DGC power cable connection
C. Install clip nuts in specified locations instruction on Sheet 2, zone B-1 (DGC B
per DGC. DWG 010-000012, Sheet 1 & Sheet 2 010-000012).
(NOTE ALL hardware dimensions shown are
typical for both front vertical mounting
rails.)
D. Remove slides from 4047A or 4047B and
attach mounting clips to stationary
portion of slides, 20-9/16 inches apart -
(See DGC DWG 010-000012, Sheet 1 & Sheet 2)
E. Mount slides as shown on DGC DWG 010-000012
Sheet 2 (As required). Note that the slide
mounting hardware is located on 1-3/4"
centers. Extends slides forward until
slide lock is engaged. PP re—r e~ v
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Figure 2-2. Installation Drawing for Data General Model No's 4047A, 4047B & 4047 or 4049. (Sheet 3 of 3)
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h)

i)

)]

k)

with the alignment studs located on the rear of the slide
shaft. Thetwo holes inthe bottom of the drive unit en-
closure should also align with nylon expansion washer.
(This washer is expanded by compressionandis screw
adjusted as part of the Disk Drive unit securing hard-
ware. )

Push the unit back intothe cabinet. Remove magnetic
covers from the sides of the front panel. Secure front
panel of unit to rack with hardware supplied, making
sure that the nut place and speed nut clips are in the
proper position (as shown on the installation drawing)
before inserting the screws.

Release the straps on the styrofoam container, and re-
move the cover from the container.

Usingthree people (two to lift the unit from the container,
and one personto remove the container once the equipment
has been lifted clear) remove the Adapter unit from its
container.

Verify that the source end of the Disk Drive dc power cable
is connected inside the Adapter unit as follows:

1) Removethelogic interface board fromthe Adapter en-
closure. The perforated cover should now be exposed.
Peek through the perforated cover and verify that the
Disk Drivedc cableis connectedto the screw terminals
located on the rear edge of the power supply Printed
Circuit board.

Verify that the dc power cable is connected as follows;
the two blue wires connect to the HV (or BLU) screw
terminal. The two red wires connect to the +HV (or
RED) screw terminal. The braided ground wire con-
nects tothe GND (or BLK/BRN)screwterminal. Screw
terminal markings identified above are etched onto the
printed circuit board. Additional dc power cable con-
nection data may be found on the Installation drawing
referenced above. (The Data Generalpart No. for the
dc power cable is 118-000099.)

After verifying that the dc power cable is properly
connected, reinstall the logic interfaceboard back in-
to its original position within the Adapter enclosure.
If the dc power cable is not connected notify Data
General Field Service.

Insert key into Power lock switch on Adapter front
panel, and verify lock switch is inthe "Off"" orfar left
rotational position. Plug in the 110 volt ac line cord.
Turnkey, rotationally, tothefar right, or "On'" posi-
tion and verify that the Fan within the unit comes on.
Do not attempt further installation if the Fan is
inoperative.

Using the same number of personnel mount the Adapter in
a standard 19" rack, securing it into position as follows:
1) The supporting rails for the Adapter unit and hardware
are shipped in the Adapter container and should be in-
stalled as shown on the Installation drawing refer-
enced above.

Position speed nut clips as shown on Installation
drawing.

Place Adapter unit on rails and slide into position in
the cabinet. (A rear stop is provided for the unit.)
Secure Adapter to rack with hardware supplied.
Install console panel, secure by the two 1/4 turn
fasteners.

4)

2)

3)

4)

5)

2)
3)

4)
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Data General Corporation (DGC) has prepared this
manual for use by DGC personnel and customers as a
guide to the proper installation, operation, and main-
tenance of DGC equipment and software. The drawings
and specifications contained herein are the property of
DGC and shall neither be reproduced in whole or in part
without DGC’s prior written approval nor be implied to
grant any license to make, use, or sell equipment manu-
factured in accordance herewith.

1) Connect the Adapter unit de cable into the power connector

on the rear panel of the Disk Drive. Figure 2-3 is a sim-
plified drawing showing cable installation

m) Connect (Adapter to Drive) ribbontype signal cable

n)

o)

P)

Q)

r)

S

~—~

(Data General #118-000098) to Adapter connector P1 (Plug
Interface back panel in rear of Adapter.) Connect other
end of cableto DiskDrive unit, (f this is a single Drive
installation connect terminator card (Data General #118-
000100) into opposite input/output connector. Reference
Figure 2-2, the Installation drawing, for proper daisy-
chaining of input/output cabling in multiple drive instal-
lations.
Note; Model 4047B will require one

level of daisy-chaining to be

installed. An additional rib-

bon type signal cable is pro-

vided for this purpose. Ter-

minate unit the end of the

daisy-chain as described above.
Connect Computer 1/0O Cable (#005-000468) into Connector
P2 of the Plug Interface back panel (located inthe rear of
the Adapter unit. The connector should be installed with
the ground tabs pointing toward the ground tabs of con-
nector P3 (also on the back panel PCB). Secure connector
ground tabs with two #4/40 Phillips head screws. Con-
nect other end of cable intothe designated 50* pin mating
comnector located in rear of the processor enclosure.
Set the LOAD RUN switch on the Disk Drive unit to the
LOAD connect position. Adapter ac line cord to a stand-
ard 110 volt outlet. Insert key into POWER lock switch
on Adapter front panel and turn to the ON position. (The
key is removable when the lock is turned to the far right
rotational (ON) position.)
Verify POWER indicator of Disk Drive unit or (units)
comes on. Do notattempt to operate until allpower dis-
tribution is verified.
Verify that the LOAD indicator of the Disk Drive unit is
also illuminated and the READY indicator (of the Disk
Drive unit) is extinguished.
Open the cartridge receiver door, insert a Cartridge.
Close the cartridge receiver door and press the LOAD
RUN switch to the RUN position. Verify that the READY
light comes on approximately one minute after switching
to RUN. Verify the CHECK indicator on the Disk Unit
drive is extinguished. If CHECK comes on with READY
switch back to LOAD, wait until the drive stops, then
switch to RUN again. If this still fails to clear CHECK
perform these procedures again using a different Car-
tridge. If this fails to clear CHECK discontinue further
operation and notify Data General Field Service.
After the Disk Drive has been loadedwith a Cartridge and
is READY (with CHECK extinguished) power may be ap-
plied to the Processor in preparation for performing the
checkout procedures.

* 100 pin connector for 4 and 10 slot 800 and 1200 Computers.
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Figure 2-3. Inter-Unit Cabling for Controller 4046
and Adapter 4047 or 4049
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2-2,2 Checkout Procedures

The following procedures are used in initial start-up and
operational checkout of the Disk Cartridge System installation.
a) Using the Binary Loader load the Moving Head Disk Con-
trol Diagnostic test (DGC Tape #095-000069) into the Pro-
cessor throughthe teletypeor high speed reader. Review
the test description presented in DGC document #097 -
000039.
Start the program at location 000002g. Teletype will re-
quest input data as to type and Disk Unit number of system
under test:

b)

0 FOR CARTRIDGE
1 FOR 10 SURFACE DISK PACK
2 FOR 20 SURFACE DISK PACK"

Teletype: "TYPE

User Response: 0

Teletype: "TYPE UNIT NUMBERS (0-3) TO TEST"

User Response: n Carriage Return
Where nisthe Unit number of the Disk Drive
to be used during the test.

c¢) Programtakes approximately 5 minutes runningtime and
prints out the word PASS upon the successful conclusion
of the test. The test will continue as long as itis allowed
to run. Verify test is completed successfully.

If the program fails to conclude successfully, reference
Sections 3 and 4 of DGC Manual #097-000039 for the vari-
ous control options provided by the test program when pro-
ceeding from an error halt.

d)

NOTE: Special entrances to the test program in
the form of Starting Addresses SA4 or SA5
are provided to set the DeviceSelect Ad-
dress data into the program. This in-
formation defines the Control under test
as being wired to respond to Device code
338 (as a primary control) or 73g (as a
secondary control). The program comes
to a halt after entering from either SA4
or SA5and will enter a Jump loop if con-
tinued from the halt. Therefore, after
using either SA4 or SA5 to change the
above mentioned program data, enter the
program fromSA400, or enter from SA2
if a different unit is to be tested. When
the test is entered from SA2, the pro-
gram assumes the Control is wired for
Device code 33g and will automatically
proceed to SA400, the starting location
of the diagnostic' tests.

e) Load the Moving Head Disk Reliability test program (DGC
Tape #095-000068) intothe Processor through the teletype
or high speed reader. Review the test description pre-
sented in DGC document #097-000038.

2-11

f) Start program at location 000002g. Program will output
through teletype:

"TYPE THE NUMBER OF DISK SURFACES"

User Response: 2 Carriage Return

Program requires approximately 24 minutes running time
for the Nova 1200 and approximately 15 minutes running
time for the Nova 800 and Supernova Processors.
Program types '""PASS' on each successful completion and
will run continuously. The operator may actuate any key
on the teletype to obtain a report of the number of words
written and read, and the number of errors during ran-
dom testing,

In the event the program fails to complete successfully,
the various diagnostic and error options may be referenced
from the program reference manual DGC #097-000038.

g)

i)

NOTE: This program also provides 18 special en-
trance starting address locations which may
be used for a variety of tests and unique func-
tions, e. g., the Command String Interpreter.
Starting address locations 4 and 5 canbeused
to change the Device address ofthe Control as
described previously in the Note under step d
of this procedure, withthe added flexibility of
using any of the other 16 special entrance ad-
dress locations between 400 and 417 after this
operation has been completed.
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SECTION IO

OPERATION

3-1 GENERAL

Only one switchisused to supply power to boththe Adapter
unit and the Disk Drive unit. This switch is labeled POWER
and is located on the left side of the Adapter front panel. A
key is required to both operate the lock portion of the switch,
and to turn the switch to its ON and OFF rotational positions.
Description of the Disk Drive controls, interlocks, and in-
dicators may be referenced in document D3031-670 shipped
with the Disk Drive unit. Operation and programming in-
formation for the Nova or Supernova Processor may be ref-
erenced in Data General publication "How to Use the Nova
Computers'',
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SECTION IV
THEORY OF OPERATION

INTRODUCTION

This section contains detailed information describ-
ing the functional operation of the Controller type 4046,
and the 4047 (and 4049) Adapter Logic Interface. A
brief description of the Adapter power supply is also
included at the rear of this section. The logic dia-
grams for the 4046 Controller (Drawing #001-000122,
sheets 1-3), the 4047 Plug Interface, (Drawing #001-
000142), the 4047 & 4049 Logic Interface, (Drawing
#001-000143), and the 4047 Disk Power Supply (Draw-
ing #001-000186) are found in the print set of this man-
ual. These diagrams should be referenced when re-
viewing the detailed logic descriptions of this section.
The functional discussion of this chapter isdivided in-
to two sections, the first of which describes the oper-
ation of the 4046 Controller. A description of the func-
tional operation of the 4047 & 4049 Logic Interface is
provided in the second half of this chapter. Both de-
scriptions are supported by Figure 4-1, whichis ade-
tailed functional block diagram of the 4046 Controller
and the 4047 & 4049 Logic Interface.

4-1.1 Logic Notation

Certainlogic notations, usedonboth the engineeringlogic
drawings and Figure 4-1, may possibly require a brief ex-
planation as to proper functional interpretation. The signal
outputs from flip-flop and one shot terminals are designated
as follows:

a) The signal output from the set terminal of the device is
designated with the signal name anda (1) followingto des-
ignate the set terminal and the logic 1 signal that will be
available at that terminal when the device has been elec-
trically switched internally to the set state (or in the case
of a one shot when the device is cycling).

The signal output fromthe reset terminal of the device is
designated with the signal name and a (1) following, but
also with a bar overthe entire expressionto designatethe
reset terminal and thelogic 0 signal that will be available
at that terminal when the device has been electrically
switched internally to the set state (or inthe case of a one
shot when the device is cycling).

For example considerthe Data Late flip-flop. If the flip-flop
is setitwillprovide alogic 1 onthe DATA LATE (1) line from
the set terminal of the device, and a logic 0 on the DATA
LATE (1) from the reset terminal of the device. Obviously,
the logical complement of the signals described above will be
displayed on the associated terminal lines when the device is
in the reset state. These designations are helpful when one
reviews the engineering logic diagrams, in that they assist
in differentiating between signal s produced by individually
functional bistable or monostable devices and signals pro-
duced by the remaining logical elements and storage devices.

4-1

b)

4-2 CONTROL TYPE 4046 FUNCTIONAL DESCRIPTION
The 4046 Control is divided into three major logic sections;
the 1/0 section, the Register section, andthe Timing section.
As shown on Figure 4-1, the Processor interfaces primarily
with the I/O section and the Register section. The 4047 (&
4049) Logic Interface exthanges signals with all three sections
of theControl. Some of these signals are routed through a 2

4-1

total consecutive sectors to be written.

Channel, 24 bit Multiplexer inthe Adapter Interface, and are
shown on Figure 4-1 as signal flow lines interrupted by the
Multiplexer block. The remaining interface signals complete-
ly bypass the Multiplexer and are shown on Figure 4-1 as
signal flow lines non-interrupted by andpassing directly thru
the Multiplexer block. This illustrating convention was used
in the preparation of Figure 4-1 as a means of differentiating
between interface signals switched by the Multiplexer, and
those signals wired directly across the interface. The Multi-
plexer channel selection is controlled by anADAPTER SEL A
signal, which selectively enables signal lines between the
Adapter and one of two possible 4046 Controls (designated
"A" and "B"). When ADAPTER SEL A is at the logic 1 or
high level the signal lines from Control assembly "A' (con-
nected into P3 of the back panel) are selected. Conversely,
the low or logic 0 level on the ADAPTER SEL A selects the
signal lines from Control assembly ""B'' (connected into P2 of
the back panel). The switching of the Adapter Multiplexer is
discussed further in the second half of this chapter. How-
ever, it is assumed that the "B" Control assembly has been
selected (by the Adapter Multiplexer) as a means of expedit-
ing the discussion concerning the Operation of the 4046 Con-
trol assembly. The operations of the three logic sections of
the Control assembly will each be described in the course of
the following discussion,

4-2.1 Typical Instruction Sequence & Logical Operations

Each I/O communication between the Processor and the
4046 Control must contain the Device Select code. Device
Select code 33 is called out on Figure 4-1, however Device
Select code 73 is required for the second Control assembly
if two Control assemblies are located within one Processor.
The proper Device Select code (either 33 or 73 depending on
the configuration) causes a DP SELECT signal to be produced,
which effectively removes an inhibit fromtheI/O Control In~
put gates. At this time the I/0 bus (instruction) signal func-
tion accompanying the Device Select code will be gated into
the I/0 section to enable the proper logic for implementing
the instrugtion. DP SELECT also removes an inhibit from
the SELB (Selected Busy) and the SELD (Selected Done) out-
put gates. In the uninhibited state these gates provide in-
formation (for the Processor) as to whether the Control is
busy or done. At this point the discussion will describe an
example series of I/0 instructions designed to facilitate and
implement a write operation, andwill describe the particular
operations invoked by these instructions. It is pointed out
herethat the sequence of instructions used inthe example do
not constrain the programming for this equipment to the order
describedor infer any other such restrictions onthe use and
control of the Disk system.

The first instruction issued in the example sequence will
be a DATOC which loads the drive, head, sector and sector
count data (from the specified accumulator) for the upcoming
operation. Sector Count is loaded with 2's complement of
(It is necessary to
load the unit code into the Controller prior to checking the

status of DSK Ready.) The next instruction issued in the se-
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quence will be a DATIA which will read the status word back
intothe specified Processor Accumulator. At this time, the
Processor program will check the various status bits to de-
termine if the unit is ready to perform a transfer Operation.
The next instruction issued (assuming the unit is ready) will
be a DATOA which will load the cylinder address and com-
mand mode data from the specified accumulator. The com-
67
mand mode bits 6 and 7 of this data will be set to a 10 con-
figuration for a SEEK operation. The DATOA instruction
function bits 8 and 9 will be set to a 11 configuration to issue
an JOPLS to the Control. The SEEK operation is started by
theIOPLS function. Theinterruptlogic of the I/0O section can
be disabled by the Processor '""Mask Out'' I/O instruction with
a 1 setintobit 7 of the specified accumulator. However, for
this discussion it is assumed that interrupts are enabled.
Therefore, whenthe SEEK operation has been completed, the
Control will issue an INTR to the Processor, which in turn
will issue an INTA to the Control. INTA (providing the DP
INT REQ and INTP IN signals are present) willallow the Con-
trol to place its Device Select code onthe I/O Databus. After
receivingthe Device Select code, the Processor will (to con-
tinue the example) issue a DATOA instruction, whichwill pro-
vide data’ (from the specified accumulator) for resetting the
interrupt. This accumulator data will also encode bits 6 and
67
7 into a 01 configurationfor a WRITE command. Thelast in-
structionin the example sequence is a DATOB which will load
the Core Address register with data from the accumulator
specified. The DATOB instruction function bits 8 and 9 will
89
be set to a 01 to issue aSTRT (I/O bus) signal to the Control.
Now that the 1/0 instruction sequence has been specified, along
with their general functions, the following discussion will
describe the incremental flow of operations through the Con-~
trol upon receipt of each instruction starting with the DATOC
defined as the first I/O instruction of the example sequence.
The DATOC bus signal, together with the Device Select
code for the Control will produce a DP DATOC signal, which
will enable the Sector Count, Sector, Head, Format, and Unit
Code registers to be loaded from the output of the 16 buffer
inverters (Registers section) being driven by the DATAO thru
DATA15 I/O bus lines. The next instruction, DATIA, to-
gether with the Device Select code for the Control will pro-
duce a DP DATIA signal, which enables a 2 channel, 16 bit
Multiplexer to place the system status microcoded word on the
1/0 bus lines (DATAO thru DATAT5 via the 16 open collector
gates. As shown on the Figure, the 2 channel, 16 bit Multi-
plexer and 16 open collector gates are located intheRegisters
section, and are both enabled (for outputting the status word)
by the DP DATIA signal. The open collector gates are nor-
mally inhibited by the output an OR gate, and any one of four
logic 0 signals (including DP DATIA) will cause the OR gate to
release the inhibit level onthe 16 open collector gates driving
the I/O bus. As a side note to the discussion, the 2 channel,
16 bit Multiplexer can be enabled to select the opposite chan-
nel by a DP DATIC signal (derived from the DATIC I/Obus
signal). This channel provides microcoded information asto -
the values contained in the Unit, Head, Sector and S=zctor .

Count registers. DP DATIC as a logic 0 signal also causes ‘

the OR gate'to release the inhibit level onthe 16 open collector
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output gates, placing the data from the four registers men-
tioned above onto the I/0O bus lines. This facility allows the
Processor to recall this information (under program control)
either priorto atransfer (or Seek) operation or upon the con-
clusionof atransfer (or Seek) operation as reference data for
the operational program.

To return to the example instruction sequence, it is as-
sumed that the operational program finds (through the data of
the status word) that the selected Disk Drive unit is ready to
perform an operation. The next instruction in the sequence
is a DATOA, which will load both the Cylinder register with
the cylinder address and the Command buffer (and decoder)

67

with the (10) SEEK code preparatory to performing aSeek op-
eration. Since the Seek operation is started by an IOPLS,

this signal function will also accompany the DATOA bus sig-
nal. Bothsignals present onthe 1/0Obus with the proper De-

vice Selectcode for the Control will enable the 1/0 Control

Input gates to produce a DP DATOA signal (from the input
DATOA) and a DP IOP signal (from the input IOPLS). The
DP DATOA loads the Cylinder register and Command buffer
from the outputs from 10 of the buffer inverters (located in
the Registers section) being drivenby the data on the I/0 bus
lines (DATA6 thruDATA15). The Command buffer is physi-

cally part of the 10 bit Cylinder register, usingthe two most
significant stages of the register, withthe cylinder data stored
in the remaining eight least significant stages. The outputs

of the Command buffer CM1 & CM2 are decoded to place a
logic 0 enabling signal on one of the four command lines,

RECAL, SEEK, READ or WRITE. (The five most signifi-
cant bits of the accumulator data specified by the DATOA
command are used to clear the error status flip-flop, clear
the Done flip-flop, and clear the Seek Done (interrupt) flip-
flops. However, at this pointin the example discussion it is
assumed all of the 4046 Controller logic was initialized dur-
ingturn-on. The use of these clearingbits inthe DATOA in-
struction will be described further on in this discussion.)
The DP IOP in the logic 0 state is used to enable the direct
set input of the Start flip-flop of the Timing section, the set
output of which causes an inverter to place a logic 0 signal
on the START line to the A or B Controller Select logic of
the Adapter Interface.

The START signal from the Controller (under discussion)
is wiredinto the ""B'' computer connector (P2) of the Adapter
Plug Interface, and hence becomes a START B signal within
the Adapter. The STARTB signal is essentially a request
from the Controller, that it be connected (via the Adapter 2
channel Multiplexer) with the Adapter. If the Adapter is not
busy with the ""A" Control (if an "A" Control exists) the SEL
B flip-flop inthe Adapter will become set and transmit a logic
1 ADAPTERSEL B signal back to the Controller. (ADAPTER
SEL B becomes ADAPTER SEL through the computer con-
nector, P2. ADAPTER SEL B switching to the logic 1 state
also indicates the 2 channel Adapter Multiplexer has been
switched to connect the Adapter interface signal lines with
the ""B" Controller.) Thelogic 1 ADAPTER SEL signal pro-
vides the remaining enable signal required by a trigger gate
driving the "'Start Adapter'' one shot (inthe Timing section of
the Controller). Asthe one shotenters its cycle it produces
a logic 1 START ADAPTER (1) signal which performs three
important functions; i.e., sets the Control 1 flip-flop, pro-
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vides one of the cnabling signals for the START SEEK func-
tion, and resets the Start flip-flop.

As mentioned previously a SEEK command decode sig-
nal is present and enables an OR gate (Timing section) to
provide one of the requirements for producing a logical
START SEEK signal. The other requirement is provided by
the logic 1 START ADAPTER (1) signal. (It is noted here
aside from the discussion that a RECAL command decode is
the other OR signal that is capable of producing, in conjunc-
tion with START ADAPTER (1), a START SEEK logic 0 sig-
nal. Therefore, all of the START SEEK functions described
below are repeated during a RECAL operation.) The logic 0
START SEEK signal strobes four AND gates each of which is
associated with a dual flip-flop, dual gate logic configuration
reservedas Seek indicators for each one of the four (possible)
Disk Drive units connected with the system. The particular
unit decode signal produced in the Controller (either UNITO,
UNIT1, UNIT2, or UNIT3) will be present and fully enable the
associated AND gate. The logic 0 output from this gate in
turn will enable the direct-set input of one of the associated
(Seeking) flip-flops. The output from this flip-flop provides
a signal indicating that the corresponding drive unit is pres-
ently ""Seeking.' For example, ifa UNIT O signal is present
when START SEEK occurs, the '"Seeking 0" flip-flop will be
set, anda SEEKINGO (1) logic 0 signal will be available to the
2 channel, 16 bit Multiplexer for reading (under control of an
1/0 DATIA instruction). Thelogic 1 setoutput from the Seek-
ing 0 flip-flop, enables the D input of the Seek Done 0 flip-
flop so that when the ATTENO signal from Disk Drive unit 0
is received (indicating that the Seek operation has been com-
pleted) the Seek Done 0 flip-flop will become set. The logic
1 set output from the Seek Done 0 flip-flop is fed back to the
C input of the Seeking 0 flip-flop and provides an automatic
reset for Seeking 0. The logic 0 reset output from the Seek
Done 0 flip-flop, SEEK DONEO (1), will be available to the
2 channel, 16 bit Multiplexer for reading (under control of an
1/0 DATIA instruction). Each of the other remaining Seek-
ing, Seek Done logic groups (for UNIT1, UNIT2, and UNIT3)
function exactly as described in the UNIT0 example above.
A point to remember is that the Seek operation head position-
ing requires access time anywhere from 15 milliseconds to
135 milliseconds depending on the distance between the pres~
ent track position and thetrack tobe accessed. On this time
scalethe computer is capable of performing thousands of op-
erations while waiting for a Seek operation to be completed.
Hence, the Seeking and Seek Done logic provide a valuable
monitoring function for the Processor. The Seek Done flip-
flop also provide a logic 1 (set output) signal to the Done In-
terrupt OR gates inthe 1/0 sectionof the Controller. A logic
1on either of the four SEEK DONE lines (SEEK DONEO-SEEK
DONE3) will initate a Processor interrupt (providing inter-
rupts have not beendisabled). Inservicingthe interrupt, the
Processor shouldfirst clear the Seek Done interrupt by trans-
mitting a DATOA instruction, which has an accumulator with
bits 1 thru 4 configured such that it will clear the Seek Done
flip-flop producing the interrupt. The interrupt functions for
the Control are described further on in the discussion.

As mentioned previously the other logic function simul-
taneously enabledwiththe START SEEK function by the logic
1 START ADAPTER (1) signal is the CONTROL1 function.
TheSTART ADAPTER (1) signal unconditionally sets the Con-
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trol 1 flip-flop. The logic 1 set output from the Control 1
flip-flop is used to drive two parallel inverters, one of which
provides a logic 0 signal for the CONTROLI1 line to Adapter
Track Address logic section. The output from the other in-
verter is used to enable the direct set input of the TS (Time
States) Enable flip-flop (inthe Timing section of the Control),
placing itinthe set state. The set output from the TS Enable
flip-flop is gatedwith a feedback signal from the ring-around
timing one shots of the SEEK Timing Generator (Timing sec-
tion of the Control)used to synchronize the firing order of the
two series one shots.

The SEEK Timing Generator consists of the above men-
tioned two series one shots, anda four bit shift register. As
long as the TS Enable flip-flop remains set the two series one
shots will be allowed to sequentially cycle. The series one
shot loop is triggered initially when TS Enable becomes set,
and the logic set output from the second one shot in the loop
strobes gating which will automatically reset the Control 1
flip-flop. This gating will also reset the TS Enable flip-flop
if a logic 0 SEEK signal is present (indicating a SEEK com-
mand has not been decoded). However, in this example a
logic 0 SEEK decode signal is present, and theTS Enable flip-
flop will remain set to permit generation of the CYL, HD+DIR,
DIFF and CONTROL2 signals via the periodic shifting of a 1
bit through the shift register on each cycle on the series one
shot loop. Since a logic 0 SEEK signal is present a logic 1
will be setinto the first stage of the shift register during the
first cycle of the series one shot loop producing alogic 0 CYL
signal. This 1 bitis advancedon each subsequent cycle pro-
ducing the HD+DIR, DIFF, and CONTROL2 signals until it
reaches the fourth stage of CONTROL2 stage where it (thru
an inverter) resets the TS Enable flip-flop, ending the time
states sequence. o

As shown on the Figure 4-1, only the CYL output from
the SEEK Timing Generator is used by the 4047 and 4049
Adapter logic interface. CYL triggers the CYL Setup one
'shot of the Track Address section of the Adapter logic. This
one shot initiates a chain of logic which loads the cylinder
data into the Adapter Track Address register, and sets up a
Strobelineto the Disk Drive unit as a signal to read the data
on the interface lines from the Track Address register. (A
RECAL command decode present with a CONTROL1 signal
are gated together to also produce atrigger for the CYL Set-
up one shot, however during a RECAL operation data in the
Track Address register is ignored, and the heads are homed
to track address 000.) All of the servo positioning calcula-
tions such as the head direction, difference between present
head location and the new head location, are all performed
iwithin the Disk Cartridge Drive unit, and when the movement
has been completed the unit responds by placing a logic 1 on
its ATTEN line to the Adapter. The ATTEN signal is wired
directly into the Control where it sets the associated Seek
Done flip-flop, and produces a Processor interrupt (if inter-
rupts are enabled).

" As mentioned previousl} a logic 1 present on anyone of
the four lines from the Seek Done flip-flops enables the Done
Interrupt OR gates in the I/0 section of the Controller. The
Processor candisable interrupts by transmitting a Mask Out
1/0 instruction with bit 7 set in the specified accumulator.
However, ifinterrupts are enabled, two other interrupt func-
tions must be present in order to produce the INTR go the
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Processor. The first function is provided by the Processor
which samples interrupt requests at the start of each memory
cycle by placing a RQENB signal on the 1/0 bus. The second
function is provided by the Control Done Interrupt OR gates,
which indicates when any Seek or Read/Write operation is
done by placing a logic 1 on the INTERRUPT line. Thus, if
interrupts are not disabled (i. e. the DP INT Disable flip-flop
is not set) and an INTERRUPT signal is present (all opera-
tions Seek-Read or Write, are done), the next RQENB pulse
generated by the Processor will set the DP INT REQ flip-
flop placing an INTR signal on the I/0 bus back to the Pro-
cessor. Setting DP INT REQ willalso place a logic 1 signal
onthe INTP OUT from the Controller (indicating that the Con-
troller has priority). When the Processor acknowledges the
interrupt it will respond with an INTA I/O bus signal. This
signal will allow (if the DP INT REQ flip~flop is set) the Con-
troller to place its Device code on I/O bus lines DATA10 thru
DATA15. Upon receipt of the Controller's Device code, the
Processor will respond (according to the example instruction
sequence being described) with a DATOA I/0 instruction
which will specify an accumulator configured to load the In-
terrupt Reset register with data to clear the interrupt, and
67
with mode bits 6 and 7 set to 01 for a WRITE command de~
code.

After the Processor transmits the WRITE encoded DATOA
instruction, itwill transmita DATOB instruction, which will
specify an accumulator holdingthe address data to be loaded
into the Core Address register of the Control. The DATOB
instruction will be configured such that bits 8 and 9 will be

89
set to 01 as an I/O Start control function. Under these con-
ditions the Processor will also generate an STRT I/0 bus
signal along with the I/0 DATOB bus signal. The DATOB
signal causes the I/0 Control Input gates (of the I/0 section)
to produce a logic 0 DP DATOB signal which is used to load
the outputs from the 16 buffer inverters (Registers section),
being driven by I/O bus lines DATAO thru DATA15, into the
Core Address register. TheSTRT I/0 bus signal causesthe
1/0 Control Input gates (of the I/O section) to produce the
logic 0 DP START and a logic 1 DP START signals. The
logic 0 DP START signal provides a direct-set for the DP
Busy flip~flop. (TheDP Busy flip-flop at the startof all op-
erations except for the first Read or Write operation after
the Control hasbeen cleared. Seek Done functions do not ef-
fectthe DP Done flip-flop.) Thelogic1 DP START pulse en-
ables the C inputof theStart flip-flop, providing an uncondi~
tional set function for the flip~-flop. The logic 1 set output
from the Start flip-flop drives an inverter, which in turn
places a logic 0 on the START line to the Adapter. The
START signal functions in the A or B Control Select section
of the Adapter exactly as described previously, and results
(after selection) inan ADAPTER SEL signal being sent back
totrigger the "Start Adapter' one shot. Thelogic 1 setout-
put from the ""Start Adapter' one shot, START ADAPTER (1)
in additionto resetting the Start flip-flop, sets the Control 1
flip-flop, and causes the two parallel inverters driven by the
set terminal of the flip-flop to place logic 0 signals on the
CONTROLI1 lines. Asdescribedpreviously (forSeek opera-
tions), the output from one inverter setsthe TS Enable flip-
flop, which will release the series one shot loop (within the

Seek Timing Generator) for one cycle. Sincethe SEER sig-
nalis notpresent, both the TS Enable and Controll flip~flops
will automatically be reset on the leading edge of the second
one shotintheloop. However, since CONTROLI is true for
1.6 microseconds, the discussion will briefly consider the
CONTROLL1 logic functions within the Adapter logic interface
for a WRITE command decode. Decoding of the Command
mode bits is performed both in the Controller andinthe
Adapter, and in the case of the example under discussion a
WRITE logic 0 enabling signal will be decoded. The logic 0
WRITE signal together with an inverted CONTROLI signal are
used to set the RD/WR flip-flop inthe Command section of the
Adapter logic. The RD/WR and WRITE signals within the
Adapter are primary control signals for the write operation
and will be discussed later on in the course of describing the
write operation.

The WRITE logic 0 signal decodedin the Controller is in-
verted and gated with the logic 1 START ADAPTER (1) signal
(inthe I1/0 section) to produce a direct-set for the DP Flag flip-
flop. The setoutput from this flip-flop places a logic 1 on the
DP FLAG (1) line to enable the D input of the DP DCH REQ
flip-flop. The next RQENB (I/0 bus) signal fromthe Proces-
sor will drive an invertertoproduce alogic 1 clock pulse for
the DP DCH REQ flip-flop. The set terminal of the flip-flop,
drives anopen ccliector inverter, whichwhen the flip-flop is
in the set state will place a logic 0 on the DCHR bus line to
the Processor. Thelogic 1l output fromthe DP DCH SEL flip-
flop also provides one of the enabling inputs for the DCHP IN
gate, with the other input enable provided by the output from
aninverter driven by the DCHP IN I/O bus signal. If the Con-
troller has issued a Data Channel request (DP DCH REQ flip-
flop is set) tothe Processor and it receives both a Data Chan-
nel Priority (by an input logic 0 DCHP IN signal) and a Data
Channel Acknowledge (by an input logic 0 DCHA signal); the
consequence of all three logic requirements being present is
to set the DP DCH SEL (Data Channel Select) flip-flop. Set-
ting this flip-flop indicates the Controller has been selected
for a Data Channel transfer. Thus, thelogic 1 set output from
the DP DCH SEL flip-flop simultaneously releases four func-
tional Data Channel gates for operation. The output from one
gate so released isthendependent on whether alogic 1 READ
signal is present or not. The output from the gate drives the
DCHMO I/0 bus linetothe Processor and will place a logic 0
signal on this line if READ is present. This low signal in-
forms the Processor that the Data Channel operation is a
Data Channel operationis a Data Channel In, and will there-
by cause the Processor to generate a DCHI signal to transfer
the assembled data from the Controller to the Processor.
However, since the operation under discussion is a WRITE,
the READ line into this gate will be at a logic 0 level allow-
ing the gate to continue to hold the DCHMO line to thelogicl
level. This high signal informs the Processor that the Data
Channel operation is a Data Channel Out, and will thereby
cause the Processor to generate a DCHO signal to transfer
word data from the Processor to the Controller. The second
and third gates released by the set condition of the DP DCH
SEL flip-flop are the receiving gates for the DCHI and DCHO
gates, whichwhenthe appropriate bus signal arrives will pro-
duce the respective DP DCHI signal (and DP DCHI through an
inverter) or a DP DCHO signal (and DP DCHO through an in-
verter).
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The fourth Data Channel gate released by the DPDCH SEL
flip-flop has two other logic 1 signal requirements; the logic
1 output from the AND gate monitoring the set output of DP
DCH REQ flip-flop and the DCHP IN priority line, and the DP
DCHA linefrom the bus receiver gate. All three logic 1 sig-
nal present will enable the fourth gate, thereby producing a
logic 0 CLR FLAG signal. CLR FLAG as a logic 0 performs
several important functions one of whichis to drive a (low in-
put) OR gate to place alogic 0 on the EN CA line (to the Reg-
isters section). The logic 0 on the EN CA line also drives
another OR gate (inthe I/0 section) to place a logic 1 on the
EN line (to the Registers section). EN CA as a logic 0 signal
together with EN as a logic 1 enable the Contents of the Core
Address register to be placed on the 1/0 DATAO thru DATA
15 lines. This datadefines (in the case of a WRITE operation)
the core memory address location the contents of which are
to be transferred tothe Controller and subsequently recorded
on the disk. Thelogic 1 EN signal is a common enable for the
3 channel 16 bit Multiplexer. The logic 0 EN CA signal to-
gether with the fact that a DP DCHI signal is not present
(DCHI, as mentioned above, is transmitted from the Proces-
sor only if DCHMO defines a READ operation, therefore since
this is a WRITE operation DCHI will not be issued) produces
an S0, S1 configuration causing the Multiplexer to place the
contents of the Core Address register, CA0 thru CA15, onto
the inputs of the 16 open collector bus gates. The logic 0 EN
CA signal also drives an OR gate, the output of which re-
leases an inhibit level on the open collector bus gates, there-
by placingthe data on the I/O bus lines DATAQ thru DATAIS.
The Multiplexer input control signals and the outputs pro-
duced by them are summarized in Table 4-1 below.

Table 4~1. 3 Channel Multiplexer Control Signals

CONTROL SIGNALS MULTIPLEXER
EN DP DCHI 2ND REQ(0) EN CA OUTPUT
1 0 X 1 0
1 1 1 1 DS0 -DS15
1 1 0 1 DS16-DS32
1 0 X 0 CA0 -CA1l6

X = Don't Care Condition
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The other important function of the logic 0 CLR FLAG
signal is to toggle the REQ1 and 2nd REQ flip-flops, and to
reset the DP Flag flip-flop when the second data word is re-
ceived from the Processor. To digress for a moment, the
parallel to serial, serial to parallel Control shift registeris
32 bits long, and thus requires two Processor (16 bit) words
to become filled. The logic responsible for monitoring each
transfer in the form of two computer word groups is shown
inthe I/0 section of Figure 4-1 as the DP Flag logic. (This
logic consists of the above mentioned DP Flag, REQ1, and
2nd REQ flip-flops.) When the Controller is initialized all
three flip-flops are placedinthe reset state by a CLEAR sig-
nal, and as mentioned earlier, the WRITE and START A-
DAPTER (1) signal placed the DP Flag flip-flop in the set
state. The outputs of the 2nd REQ flip-flop alternately en-
able either a CLK A gateor a CLK B gate, whenthe DP DCHO
signal occurs andsince at this time the flip-flop is in the re-
set state (due to CLEAR initialization), the CLK A will be en-
abled when the DP DCHO signal occurs (derived from the
Processor's DCHO 1/0 bus signal.

Under these conditions the first CLR FLAG signal gen-
erated will set the REQ1 flip-flop while leaving the 2nd REQ
flip-flop undisturbed. When the Processor has retrieved the
first 16 bit word from the (CA register) specified memory
location and placed it on I/O bus lines DATAO thru DATA15,
itwill also transmit a DCHO pulse to signal the data is ready
on the bus, The DCHO signal causes the series combination
of a receiver gate and an inverter to produce a logic 1 DP
DCHO signal, which in turn will enable the CLK A gate to
place alogic Oon its output signal line to the Timing section.
The logic0 CLK A signal enables an OR gate in this section
to produce a CLK DSA logic 0 signal. CLK DSA, in turn, as
alogic 0 signalis used in the Registers section to enable the
most significant half of the Data Storage register to be loaded
with the data word from the Processor. The I/0 data word
present on input lines DATAO thru DATA15 is routedin paral-
lel to the Data Storage register through the series combina-
tion of the 16 buffer inverters followed by the 2 channel 32 bit
Multiplexer. The Multiplexer isused for both the writing and
reading data paths and is controlled by a READ signal, which
inthe logic 0 state switches the Multiplexer to provide a path
for the SHIFT 0 through SHIFT 32 inputs. However, since
this is a WRITE operation the Multiplexer provides two du-
plicate 16 bit paths to the 32 bit Data Storage register, one
16 bit path to the most significant half of the register, the
other path to the least significant half. Thus CLK DSA loads
DATAO thruDATA15 into DSO thruDS15, while alternate sig-
nal CLK DSB loads the data present on DATAO thru DATA15
(when CLK DSB occurs upon receipt of the second computer
word) into DS16 thru DS32, The DP DCHO signal (comple-
ment of the DP DCHO used to generate the CLK A signal de-
scribed above) is used todrive anOR gate the output of which
places a logic 0 on the INC CA line. This signal is used to
increment the Core Address register in preparation for the
Processor's DCHA signal which will be senton the next Pro-
cessor Data Channel break.

Since the DP DCH REQ flip-flop (I/O section) is still set
after DSO thru DS15 (Registers section) becomes loaded, the
DCHR request will remain on the line and the DP DCH SEL
flip-flop will also remain set when the Processor responds
with the next DCHA acknowledgement. The next Processor

DCHA signal will produce the EN CA and EN signals for read-
ingthe (updated) Core Address register out to the Processor ex-
actly as described previously. This DCHA will also generate
another CLR FLAG signal, whichwill clock the 2nd REQ flip-
flop tothe set state (due to the logic 1 placed on its D input by
the set output from the REQ1 flip-flop) while clockingthe REQ1
flip-flop to the reset state. (REQI toggles on this and all
subsequent CLR FLAG signals.) Due to the fact that REQ1
was inthe set state whenthis particular CLR FLAG occurred,
CLR FLAG will be able to enable an AND gate which in turn
will provide a logic 1 enable for an OR gate driving the reset
input of the DP Flagflip-flop. Thus, the second CLR FLAG,
occurring with REQ1 in the set state will reset the DP Flag
flip-flop. At this time the set terminal of the DP Flag flip-
flop will place a logic 0 on the DP FLAG (1) line to the D in-
puts of the DP DCH REQ and Data Late flip-flops. The next
RQENB bus signal will thus clock the DP DCH REQ flip-flop
tothe reset state, removingthelogic 0 signal from the DCHR
bus lines. Resetting the DP DCH REQ flip-flop also causes
the gate driving the D input of the DP DCH SEL flip-flop to
place a logic 0 on the line to the D input. Thus, the leading
edge of the next bus DCHA will reset the DP DCH SEL flip-
flop. It should be noted this DCHA can be generated (by the
Processor) as a result of any other Data Channel device re-
questing service, and since DCHA is approximately 600 nano-
seconds wide the leading edge of the DCHA (to some other
peripheral Data Channel device) will have cleared the DP DCH
SEL flip-flop to the reset state, and removed the Control's
DCHMO signal from this bus line well in advance of the Pro-
cessor reading the state DCHMO line to determine direction
of data transfer. If no other Data Channel devicesbeside the
single 4046 Controller are present inthe Processor peripheral
configuration, the DP DCH SEL flip-flop will remain set.

To return to the discussion, it was mentioned previously
that the CLR FLAG signal also clocked the 2nd REQ flip-flop
to the set state. This state will allow the subsequent DP DC
HO signal to producea CLK B signal, which in turn will pro-
duce a CLK DSB signal. This signal will load the least sig-
nificant half of the Data Storage register (DS16 thru DS32) with
the data presentonl/O buslines DATAO thru DATA15 (via the
16 buffer inverters and the 2 channel 32 bit Multiplexer). It
isnoted thatthenext CLR FLAG (first DCHA of the next trans-
fer) will switch the 2nd REQ flip-flop to the reset state. Thus,
the CLK A gate will be enabled when the first DCHO (of the
next transfer) arrives. '

The logic 1 DP FLAG (1) signal from the DP Flag flip-
flop is applied to the D input of the Data Late flip-flop. The
clock input of the Data Late flip-flop is under control of a gate
monitoring SHIFT DONE and the reset terminal of the (Data
Late) flip-flop itself. If the Processor fails to complete the
transfer of both words (and clear DP Flag) before a 32 bit

_ shifting cycle is completed; the end of the 32 bit shifting cycle,

denoted by alogic 1 SHIFT DONE signal, will enable the gate
and set the Data Late flip-flop. This state of the Data Late
flip-flop sets the Stop flip-flop and forces a XFER DONE
which in turn results in termination of the operation.

To summarize at this point in the discussion, the Data
Storage register isloadedwith datato be written on the disk.
The outputs from this register, DS0 thru DS32, are automat-
ically loaded into the 32 bit shift register by the combined
presence of logic 0 LOAD signal together with a logic 0 WRITE
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signal. LOADis at thelogic 0 level whenever the Bit Counter

(count of 32) of the I/O section is reset or cleared. Mean-
while, the Adapter logic would be comparingthe address data

in the Control's Sector register with the sector address data

from the Disk Drive unit as a means of locating the selected
sector the data is to be written into. Once the proper disk

sector islocated, the Adapter logic will set the Write Enable
flip-flop in its Write logic section, which in turn enables the
WRITE GATE line driver while turningonthe STATE I-STATE

III counter (which functions as a write clock). The details

concerning the logical operation of the Write logic section of

the Adapter Interface are presented in paragraph 4-3.2 and
hence only the generalities of the Adapter operations will be
discussed here. The Adapter logic generates the DATA

STROBE and BIT COUNT signals which are transmitted across

the interface tothe Controller. DATA STROBE, generated in
the Adapter at STATE I time, produces (in the I/O section) a
CLK SHIFT signal, whichis used to shift the 32 bit shift reg-
ister (Registers section). BIT COUNT generated in the A-
dapter at STATE III time drives the Bit Counter in the I/0
sectionof the Control. The general relationship of these sig-
nals may be stated as follows: TheSTATE I timing signal used
to write the Clock pulse onthe disk. STATE I (or Clock writ-
ing time) also produces the DATA STROBE signal which (is
sent across the interface to the Control's I/0 section where
it) produces a signal (CLK SHIFT) used to shift the next bit of
the 32 bit shift register to the DATA terminal. The 32 bit
shift register is shifted at STATE I time in preparation for
writing (across the interface) the bit (in the most significant
position of the register) onto the disk at STATE III time. AT
STATE III time the Adapter Write logic section writes the bit
onthe disk, andincrements the Bit Counter (in the I/O section
of the Control) via the BIT COUNT interface line. Each bit
written onthe disk is also XORed (by a special algorithm) in-
to the Checkword register in the Adapter logic to form the 16
bit checkword, which written on the disk as the last sector
data word. The checkword is formed during any (write or
read) data transfer operation. Each Checkword formed dur-
ing a read operation is checked against the Checkword written
on the disk to validate the transfer. T he operation of the

Checkword logic is detailed in paragraph 4-3. 2.

After 32 bits have been shifted out, the Bit Counter upon
reaching a countof 32will allow a logic 1 SHIFT DONE signal
to be generated. SHIFT DONE clocks the Data Late and DP
Flag flip-flops, and since the DP Busy flip-flop is still set,
the DP Flag flip-flop will be set (due to the logic 1 held on its
Dinput by DP BUSY (1)). Settingthe DP Flag flip-flop in turn
places a logic 1 on the DP FLAG (1) line to the D input of the
DP DCH REQ, sothatthe next RQENB signal fromthe Proces-
sor (via the I/O bus) will set the DP DCH REQ flip-flop and
place a logic 0 signal on the DCHR line, requesting the next
two computer data words. All of the previous Data Channel
logic operations described above are repeated until such time
as the Word Counter (drivenbythe overflow from the Bit
Counter) overflows and produces anINC SC (Increment Sector
Counter) signal. ’ .

The Word Counter is unique in that it performs two func-
tions; counts number of words written into a Sector, counts
number of words of Format data written on one track during
special control operations used (to format the disk prior to
recording) in Disk Pack systems. (Formattingis not re-
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quired for Disk Cartridge systems.) The word counter is a
basic binary counter which monitors the number of words
written into each sector. Bit 9 of the counter (binary = 256)
is connected into an AND gate whichalso requires alogic 1on
the FORMAT line (indicating that this is nota Formatting op-
eration) andalogic 1 onthe CLK SHIFT line. (Counter test-
ing is done by CLK SHIFT as CLK SHIFT is derived from
DATA STROBE. DATA STROBE in turn is generated in the
Adapter at STATE I time, which is the time the Clock pulse
is written on the disk track. Therefore, the logic monitor-
ing the outputs from the Bit and Word counters is checked
during thetime the Clock pulse is being written on the disk.)
All three signals (256, FORMAT, and CLK SHIFT) present in
the logic 1 state will enable the gate, which in turn will place
a logic 0 on the INC SC line. The logic 0 INC SC signal al-
so drives an inverter the output of which places a logic 1 on
the INC SC line. The logic 0 on the INC SC line also drives
the Sector and Sector Count registers (I/O section) to in-
crement both registers simultaneously. (The Sector Count
register is loaded prior to the start of the operation with the
2's complement of the total number of consecutive sectors to
be written or read.) The logic 1 INC SC signal provides an
input trigger transition for the Advance Head logic of the
Timing section. The one shot of this logic section provides
a 4 microsecond cycle, and generates a logic 0 CLEAR C
pulse, which provides a common clear for both the Bit and
Word Counters (of the I/O section) inpreparation for writing
or reading the next sector. The one shot also generates a
logic 1 CLEAR C pulse, which in the WRITE mode enables
gatinglogic, and thereby resetsthe DP DCH REQ and the DP
Flag flip-flops. Thus, upon reaching the end of the current
sector the Data Channel transfer request control logic is
cleared in preparation for writing. Though digressive, the
CLEAR P signal (generated by the 4 microsecond one shot)
will be discussed briefly here. CLEAR P is produced by a
differentiating network driven by the CLEAR C terminal of
the one shot. CLEAR P is used to pulse the set output gate
associated with the Stop flip-flop, and if Stop is set generate
a DONE pulse for OR gate driving the XFER DONE line to the
Adapter. Thus, if Stop becomes set (either normally by the
Sector Count register overflowing during a Read/Write opera-
tion, or abnormally by DATA LATE (1)) at the end of the cur-
rent sector the differentiated CLEAR P signal will be able to
pulse the DONE line. XFER DONE sets the Stop flip-flop in
the Adapter logic. To return to the discussion of the INC
HEAD gates thelogic 1 INC SC signal produced by these gates
is also transmitted to the Write logic section of the Adapter
logic interface, where it is used to enable an OR gate which
provides a direct-reset for the Data EN flip-flop. Thus,
DATA STROBE and BIT COUNT pulses will be inhibited un-
til the preamble of the next sector is written. At that time
the Data EN flip—flop will be set and lift the inhibit from the
DATA STROBE and BIT COUNT interface gates, so that the
first SHIFT DONE after the Preamble will set the DP Flag
(assuming the Busy flip-flop is still set) and initiate another
Data Channel request (via the DP DCH REQ flip-flop).

When all sectors onone particular track have been written
either the next head (within the same cylinder) must be se-
lected or the current write operation must be terminated in
order to Seek a new cylinder (or track) location. The Con-
troller is designed to operate with Disk Driveunits with either
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6 sector or 12 sector recording media. Disk Cartridge sys-
tems are exclusively 12 sector devices, whereas Disk Pack
systems may be either, i.e., Data General Disk Drive type
4057A is a 12 sector device, whereas Data General Disk Drive

type 4048A is a 6 sector device. The INC HEAD gates shown
inthe Timing section have three input signal requirements to
generate a logic 0 INC HEAD signal. One of the inputs S4

represents the third most significant bit of the Sector (Binary)
register, andrepresents a binary count of four. The second

input is jumper selected between the S2 or S8 inputs also from

the Sector register. Jumper W7 is inserted to connect S2 for

a 6 sector disk (binary 4 plus binary 2=count of 6). Jumper
W8 is inserted to connect S8 for a 12 sector disk (binary 4
plus binary 8=count of 12), When the appropriate count is
present, along with a logic 0 ADV HD signal (from the Ad-
vance Head logic) will produce an INC HD (and INC HEAD
through inverter) signal. The logic 0 INC HEAD signal is
used within the Controller to perform two functions; incre-
ments the Head register in the I/O section and triggers the
"Reset Sector' one shot in the Timing section. The RESET
S (1) pulse from this one shot clears out the Sector register
inthe 1/0 section., Thelogic 1 INC HD signal is transmitted

to the Adapter where it implements the head control logic.

The Adapter head control logic is discussed in paragraph

4-3. 2.

The transfer operation is ended when SC8, the most sig-
nificant bit of the Sector Count register, completes a 1 to 0
transition indicatingthe register has overflowed. Therefore,
the (2's complementof the) specified number of sectors have
been written (or read). This 1 to 0 transition causes an in-
verter clocking the Stop flip-flop to produce a 0 to 1 transi-
tion, which sets the Stop flip-flop. (The D input of the Stop
flip-flop is held to alogic 1 throughout the Read or Write op-
eration by the RD -WR output from an OR gate that is enabled
by either a WRITE or READ command mode decode signal.)
The differentiated CLEAR P signal derived fromthe 4 micro-
second one shot inthe Advance Head logic pulses the gate con-
ditioned by the set output from the Stop flip-flop, and gen-
erates a DONE pulse DONE enables an OR gate which in turn
places alogic 0 onthe XFER DONE line to the Adapter logic.
XFER DONE, in conjunction with a RD/WR(1) signal to in-
dicate a read orwrite operation is present, setsthe Stop flip-
flop in the Adapter logic. The Adapter Stop flip-flop per-
forms several functions; thelogic 0 (reset terminal) output is
ANDed with the next cycle of the '"Sector Pulse' one shot to
generate trigger the 70 microsecond one shot, enables the D
input of the Adapt Done flip-flop with a logic 1 STOP (1) sig-
nal (from its set terminal), After the 70 microsecond one
shot finishes its cycle it triggers the Read Delay one shot,
and the trailing edge of the Read Delay cycle clocks the Adapt
Done flip-flop (via the RD DLY (0) line) to the set state. The
Adapt Done flip-flop issues CLEAR signals withinthe Adapter
which reinitializes the Adapter logic sections. The Adapt
Done flip-flop will also place a logic 1 on the ADAPT DONE
(1) line to the Timing section of the Controller., ADA PT
DONE(1) enables a gate (since the ADAPTER SEL signal is
also presentat this gate throughout the execution of the spec-
ified operation) to generate a 0 to 1 transition for the clock
input of the DP Done flip-flop of the 1/0 section (via the RD/

WR DONE line). Since the logic 1 set output from the Busy
flip-flop has been held on the D input of the Done flip~flop,

4-11

this transition onthe RD/WR DONE line will set the Done flip-
flop. When Done sets it produces alogic 1 signal which auto-
matically clocks Busy to the reset state. These last two op-
erations conclude the transfer operation.

The Format function mentioned previously will be de-
scribed briefly here as a basic prerequisite to condition a new
Disk Pack recording media for operation in the system. The
Format functionis applicable only to Disk Pack Drive units and
is selected by placing a 1inbit 2 of the accumulator specified
by the DATOC 1/0 instruction. This bit (DATA2) is subse-
quently stored into one stage of a register which also holds
the Unit Code data (DO and D1). The output signal from this
stage, FORMAT, is alogic 1when the stage has been set and
implements an expanded AND gate to monitor the Word Counter
outputs. Two jumpers, W9and W10, areassociatedwith one
of the inputs to the expanded AND gate for selecting the for-
matting word density for either a high density or low density
disk. These jumpers are installed at the factory and W9 is
installed for a high density disk and W10 installed for a low
density disk. The binary count ANDed with W9 in position is
as follows:

W10= 1024 + 512 + 256 + 64 (depending on Read or Write) =
approx. 1700 words

W 9 = 1024 + 512 + 2048 + 64 (depending on Read or Write) =
approx. 3600 words

It should be noted here that the entire Format operation is
performed under the control and execution of a Processor
program written specifically by Data General for this task.

4-2.2 Read Operations
Most of the logical operations described in the previous

paragraph are applicable to READ command operations. In
fact the same sequence of exampleI/O instructions discussed
inthe previous paragraph may be assumed again for this dis-
cussion with the exception that the command mode bits 6 and
7 of the accumulator (selected by the DATOA instruction) will
be set to a 00 configuration for a READ command function.
The loading of the Core Address register and Start I/O bus
functions may be assumed to occur exactly as described ear-
lier. The READ logic 0 command signal will be decoded in
both the Controller and the Adapter logic (instead of the WRITE
signal) and enable all of those associated read logic functions.
All of the functions relating to setting the Start flip-flop and
generation of the START ADAPTER and CONTROL]1 signals
arethe same, except for the DP Flag flip-flop and the RD/WR
flip-flop inthe Adapter logic. During a READ operation both
the DP Flagand DP DCH REQ flip-flops remain resetuntil 32
bits of data have been read from the disk. Thus, START A-
DAPTER will not be able to set the DP Flag flip-flop during
aREADoperation. The RD/WR flip~flop in the Adapter logic
is set during a READ operation by the combinationof the READ
and CONTROL]1 signals.

The sector address. search-compare operations in the A -
dapter logic are the same as described for the WRITE opera-
tion. When SECTOR EQUAL does occur it triggers a 70 mi-
crosecond one shot which in turn enables the Read logic sec-
tion of the Adapter logic to set the Read Gate flip-flop, plac-
ing a logic 0 enabling signal on the READ GATE line to the
Disk Drive unit. Enabling this line allows the electronics of
the Disk Drive to start sending READ DATA and READ CLOCK
signals back to the Adapter logic. READ CLOCK signals back




Data General Corporation (DGC) has prepared this
manual for use by DGC personnel and customers as a
guide to the proper installation, operation, and main-
tenance of DGC equipment and software. The drawings
and specifications contained herein are the property of
DGC and shall neither be reproduced in whole or in part
without DGC’s prior written approval nor be implied to
grant any license to make, use, or sell equipment manu-
factured in accordance herewith.

to the Adapter logic. READ CLOCK signals set up the Read
logic section of the Adapter sothatupon detection of the logic
1 sync bit (written on the disk at the end of the Preamble) it
places a logic 1 on the XFER SEC (1) line to Data Strobe-Bit
Count sections of Adapter logic. Each input READ CLOCK
signal generates a RD CLK which in turn triggers a one shot
chain (in the Read logic section of the Adapter) which pro-
duces (after a 200 nanosecond delay) a STROBE(1) signal.
XFER SEC(1) is gated with RD CLK to ultimately produce a
BIT COUNT signal for the Control. XFER SEC(1) isalso gated
withSTROBE(1) to ultimately produce a DATA STROBE signal
for the Control, and as mentioned previously DATA STROBE
produces CLK SHIFT for the 32 bit shift register (Registers
section). Hence, once the Read logic section of the Adapter
issues XFER SEC(1) the Controller will begin to receive BIT
COUNT and DATA STROBE signals. The information line
from the Read logic section carryingdisk read data is identi-
fied as the READ DATA line and after crossing the interface
isterminated at the (least significant stage) input of the 32 bit
shift register. Thus, the effect of all three signals from the
Adapter logic, load the LSBof the shift register, step the Bit
Counter, and shift the Shift register.

When the Bit Counter reaches a count of 32, the Bit Shift
Monitor gates will produce a SHIFT DONE logic 1 signal, which
(since the DP Busy flip-flop is set, i.e., DP BUSY(1) = logic
1) will set the DP Flag flip-flop. SHIFT DONE also (with
READpresent as alogic 1) triggers the '"Read Done' one shot
(in the Timing section of the Controller) the output of which
enables a pair of parallel OR gates to produce the (logic 0)
CLK DSA and CLK DSB signals., Referencing the Registers
section of Figure 4-1 inthe READ mode, the parallel outputs
of the 32 bit shift storage register are fed back around to the
inputs of the 2 channel 32 bit Multiplexer, which (with a logic
0 on the READ line controlling the Multiplexer switch selec-
tion) will apply the shift storage output data to the inputs of
the 32 bit Data Storage register. Thisdata is actually loaded
into all 32 bits of the Data Storage register (after 32 bits have
been stored in the shift register) by CLK DSA and CLK DSB.

Itwas mentioned above that the logic 1 SHIFT DONE sig-
nal also set the DP Flagflip-flop. From the set state the DP
Flag flip-flop will place alogic 1 onthe D input of the DP DCH
REQ flip-flop (via the DP FLAG(1) line), so that the next RQ
ENB 1/0 bus signal to occur will enable an inverter, the out-
put of which will clock the DP DCH REQ flip-flop to the set
state. Setting the DP DCH REQ flip-flop produces an output
logic 0 DCHR bus signal to the Processor, and enables (if the
DCHP IN priority is present) the D input of the DP DCH SEL
flip-flop. The line enabling the D input of the DP DCH SEL
flip-flop also provides one of the inputs for the CLR FLAG
gate. Thus, thenext DCHA I/0 bus signal toarrive will pro-
duce DP DCHA which will clock the DP DCH SEL flip-flop to
the set state. As described in paragraph 4-2.1, setting the
DP DCH SEL flip-flop enables three functional Data Channel
gates within the Controller. One of these gates controls the
DCHMO I/0 bus line and under the conditions of a READ op-
eration will place alogic O onthis lineto the Processor. This
logic signal indicates that the transfer is from the Controller
tothe Processor. The DP DCHA also enables the CLR FLAG
which in turn generates the EN CA and EN signals. EN CA
and EN, as described in paragraph 4-2.1, gate the contents
of the Core Address register out to the I/0 Data bus lines.

4-12

CLR FLAG also will clock REQ 1 to the set state (assuming
both REQ 1 and 2nd REQ are in the reset state at the start of
the READ operation).The Processor after receivingthe CoreAd-
dress data and the logic 0 onthe DCHMO line will place (since
DCHMO defines the transfer as from device to Processor) a
logic 1 onthe DCHI I/0 bus line. DCHI produces, in turn both
aDP DCHI logic 1 signal and a DP DCHI logic 0 SIGNAL. DP
DCHI as alogic 0 enables an OR gate to produce a logic 0 INC
CA signal used to increment the Core Address register. DP
DCHI also (through an OR gate) removes the operational in-
hibit from the 16 open collector gates driving the I/0 Data
lines DATAO thru DATA15. Thelogic1l DP DCHI and the fact
the 2nd REQ flip-flop is inthe reset state (2nd REQ (0) = logic
1) allows the Multiplexer Select Control gates (intheRegisters
section of the Control) to encode the S0, S1 Multiplexer select
lines such that the DS0 thru DS15 outputs from the Data Storage
register are placedonthe inputs to the 16 open collector (bus
driver) gates. (It was mentioned above that the Data Storage
register was loaded previously with data from the Shift Stor-
age register by the CLK DSA and CLK DSB signals derived
from the SHIFT DONE signal.) The relative signal configura-
tions onthe DP DCHI and 2nd REQ lines which allow the Mul-
tiplexer to select either the DS0-DS15 outputs or the DS16-
DS32 outputs for final transmission back to the Processor
(via the DATAO thru DATA15 lines are listed in Table 4-1.

Since, as described in paragraph 4-2.1, two 16 bit com-
puter words define one Data Channel transfer operation, the
DP DCH REQ flip-flop will remain set, holdingthe DCHR sig-
nal onthe bus to the Processor. The next DCHA will produce
another CLR FLAG which will reset the REQ1 and DP Flag
flip-flops, and setsthe 2nd REQ flip-flop. As listed in Table
4-1 the set state of 2nd REQ (2nd REQ(0) = logic 0) will gate
out the data on the DS16-DS32 lines to the I/0 Data bus upon
receipt of the Processor DCHI signal. Clearing the DP Flag
flip-flop will reset the DP DCH REQ flip-flop when the next
RQENB signal is received, removing the logic 0 signal from
the DCHR bus lines. (The next subsequent Bus DCHA will
clear the Controller DP DCH SEL f{lip-flop as mentioned in
paragraph 4-2.1.)

The data reading, shifting and Data Channel transfer con-
tinue in this manner, with the Sector and Head register in-
crementing performed exactly as described in paragraph
4-2,1. The READ operation is normally terminated in the
same manner described in paragraph 4-2.1, i.e., the Sector
Count register overflow sets the DP Stop, which in turn sets
the Stop flip-flop in the Adapter, subsequently producing an
ADAPT DONE signal. The ADAPT DONE signal is transmit-
ted from the Adapter to the Controller to generate a RD/WR
DONE, which sets the DP Done flip-flop of the Controller.

4-3 4047 & 4049 ADAPTER UNIT FUNCTIONAL DESCRIP-
TION

As mentioned previously, descriptions pertaining to the
4047 Adapter are also applicable to the 4049 Adapter, except
where noted differently. Therefore all reference and func-
tional descriptions under this paragraph are applicable to both
the 4047 and 4049 Adapters, and each reference below to the
14047 Adapter" includes the 4049 Adapter. The Adapter logic
ismadeupofa collage of interface and control logic elements,
and since the Adapter is functionally located between the 4046
Controller and the Disk Drive, signals from both equipments
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are routed through the Adapter. (Reference drawings
001-000142 and 001-000143) of the print set. The

Adapter consists of three major functional sections; the
4047 PlugInterface (and Back Panel printed circuitas-

sembly), the Power Supply section, and the 4047 Logic -

Interface. A line drawing showing the components
mounted on the 4047 Adapter Plug Interface and Back
Panel Assembly appears in Figure 4-2.

4-3.1 4047 Plug Interface and Back Panel

(Reference drawing 001-000142 while reviewing this dis-
cussion.) Three plugs are mounted on the back panel of the
4047 Adapter, two of which are formed of fixed pins bonded to
the printed circuit etch of the panel. These two connectors
aredesignated A and B respectively and terminate signal ca-
bles from one ortwo computers. The cableto each computer
connects to a connector mounted in the rear of the computer
which has beenwired to the slot of the multiple printed circuit
connector (withinthe computer) designated for the location of
the 4046 Controller assembly. It is suggested that in single
computer configurations the computer cable be connected to
the B computer plug which is etch marked on the back panel
as P2. (Computer connector A is etch marked on the back
panel as P3.) The signals from the A and B computer plugs
are multiplexed (U3 throughU5, U8, U9, and U1l) from con-
nectors P2 and P3.

The multiplexer IC packages along with the Controller as-
sembly selector logic IC's are mounted on the 4047 Plug In-
terface PCB. The signals from the A (P3) and B (P2) com-
puter plugs are multiplexed by U3 through U5, U8, U9, and
U11, the outputs of which are etch wired up to connector J4.
Connector J4 isa 100 pin edge type connector for printed cir-
cuit boards and is wired to receive the Adapter logic board.
Signals transferred between the Adapter logic board and the
Disk Driveare routed via the wiring from connector J4 to con~
nector P1. Thetop section of connector P1as shownon draw-
ing 001-000142, sheet 1, accommodates signals from the Disk
Drive (ATTEN1, WR PROT IND, etc.) whereas the bottom
section of connector P1 accommodates signals to the Disk
Drive.

The 4047 Adapter is capable of being operated by either of
two Moving Head Disk Controller assemblies and contains
logic used to alternately select either Control for operation.
A pair of flip-flops SEL A and SEL B, and a ring-around
(Johnson type) counter are used to implement the selection
mechanism. The counter is drivenby the Adapter logic clock
at a 5.75 MHz rate and provides a progressive sequence of
four pulses. (Seethe A or B Control logic section on Figure
4-1.) The leading edge of the second pulse of any sequence
is used toclock theSEL A flip-flop, whereas theleading edge
of the fourth pulse of any sequence clocks the SEL B flip-flop.
A START A signal must be present at the D input of the SEL
A flip-flopbefore itcanbecome set by the edge of the second
counter pulse. Likewise a START B signal must be present
at the D input of the SEL B flip-flop before it can become set
by the edge of the fourth counter pulse. The START A and
START B signals originate in their respective Control As-
semblies simply as START signals and are polarized as
START A or START B bytheir connectionto the A or B com-
puter plug mounted in the rear of the Adapter.

Each START signal is produced in its respective Control

assembly whenever the Start flip-flop (Timing Section) be-
comes set by a DP START pulse (for a Read/Write operation)
or by a DP IOP pulse (for a Seekoperation). The ring-around
counter working in conjunction with the two flip-flops (SEL A
and SEL B)guarantees that only one flip-flop will become set
at any one time. Setting either flip-flop causes gating logic
to place a logic 0 on the FREE line. One of the functions of
this line is to enable or disable the clock signal input gate to
the counter, andinthe 0 state it disables the clock input gate.
Therefore as soon as either SEL flip-flop is set, the counter
is stopped by disabling the clock signal input gate.

The 1 to 0 transition of the FREE line also triggers a 6
second one shot which after it times out, triggers a 1,6 mi-
crosecond one shot which drives a gate to generate a logic 0
CLRSEL signal. This signal clears both the SEL A and SEL
Bone shot simultaneously. This function prevents the adapter
from becoming hung up if the selected Control assembly ex-
periences some sort of operational malfunction.

An ADAPT DONE (1) signal from Adapt Done flip-flop of
the Adapter logic is normally produced when the Read/Write
transfer is completed (and the Stop flip-flop is set). ADAPT
DONE (1) enables an OR gate which in turn drives the direct
reset input of the 6 secondone shot, immediately clearing the
one shot, Resettingthe 6 second one shot triggers the 1.6 mi-
crosecond one shot, which clears the SEL A and SEL B flip-
flops and raisesthe FREE line, thereby allowing the counter
to resume operation. The Adapt Done flip-flop canbe set im-
mediately by a HALT signal resulting from detection of an
EOC, AD + UNSF, CKWD error condition or during a PWR
CLR. The same PWR CLR signal also enables the OR gate
producing CLR SEL which resets both the SEL A and SEL B
flip-flops.

It is pointed out here that a SEEK operation causes the
Start flip-flop to be set by a DP IOP pulse. (See the Timing
Control section of Figure 4-1.) This in turn will select the
Control originatingthe START (as directed by the state of the
ring-counter. The end of the SEEK does not deselect the se-
lected Control. The Control will remain selected for subse-
quent SEEK operations until either a XFER DONE of a RD/
WR (Read/Write) operation is completed andan ADAPT DONE
(1) is generated, . or the 6 second one shot times out. Either
event will clear the Selected flip-flop (SEL A or SEL B) and
FREE the counter, thereby implementingthe mechanism for
selecting the alternate Control. If the alternate Control has
no START signal present, itwill not be selected and the coun-
ter will remain FREE to be driven by clock pulses, thereby
allowing the originally selected Control to be reselected again
later oninthe course of the counter sequence (ifitis Started).

4-3.2 4047 Logic Interface

(Reference drawing 001-000143 while reviewing this dis-
cussion.) Assuming most transfer operations are initially
begun with a SEEK command, the SEEK command signal is
decoded from the states of the CM1 and CM2 command lines
and enables control logic withinthe interface. The command
lines CM1 and CM2 are also decoded within the Control as-
sembly, and enables the CYL, HD + DIR, DIFF, and CON-
TROL2 signals to be generated. The logic 0 CYL signal is
transmitted from the Control to the CY1 Setup one shot of the
4047 Logic Interface, where it functions as a low level trig-
ger for the one shot. The trailing edge of this one shot in
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turn triggers the TAG one shot. Thetrailing edge of the TAG
one shot, in turn sets the Track Address Strobe (TAS) flip-
flop. The reset output from the TAG one shot enables (dur-
ing its cycle) the track address data present on BUS lines 0
through 7 to be gated into the Track Address register. (See
the Unit and Track Address-Sector Equal and Command logic
of Figure 4-1.)

It will be noted that if this was a RECAL (Recalibrate is
a command to positionthe heads overtrack Address 000) op-
eration, the decoded RECAL signal is also gated into the
Track Address register as a RESTORE bit. Setting this bit
causes the Disk Drive logic to ignore the rest of the data in
the Track Address register and zero position the heads.

To returnto the discussion of the SEEK operation, signal
TAG (1) loads the Track Address register from the BUS lines.
Afterthe TAG one shot times out, the TAS flip-flop becomes
set and enables an inverter to send a logic 0 TRACK ADD
STROBE to the Disk Drive. This signal informs the Disk
Drive logic that the track address signals are present and

TA32, TA64, TA128). The Disk Drive logic requires that
Track Address data be present on the TA lines for quite a
long period while it performs the differential addressing cal-
culations. Whenthe Disk Drive logic finishes its calculations
it responds by transmitting alogic 0 ADD ACK signal back to
the Adapter interface logic. ADD ACK enables an OR gating
configuration, whichinturndirectly resetsthe TAS flip-flop.
A pair of series one shots are provided to make sure the TAS
flip-flop is reset aftera nominal (set) interval. The firstone
shot is 80 microseconds in duration and is triggered by the
set transition of the TAS flip-flop. The trailing edge of the
firstone shot triggersthe secondone shot which in turn pro-
duces alogic1 CLR TAS (1) signalto reset the TAS flip-flop.

The seek operationis completed by a signal onthe ATTEN
line from the selected Disk Drive unit. (The unitis selected
by the code appearing on the D1 and DO lines, which is de-
coded in the logic interface to select one of four possible
Units.) The ATTEN lines from the four drive units are la-
beled ATTEN1 through ATTEN 4 as transmitted from the
drive units and pass through the Adapter (via connectors P1,
P2, and P3). However, theselines terminate in the Timing
Section of the Control agssembly as ATTENO through ATTENS3,
with the ATTEN1 line relabeled as ATTENO, ATTEN2 re-
labeled as ATTEN1, ATTENS relabeled as ATTEN2, and
ATTEN4 relabeled as ATTEN3. This minor change in sig-
nal wire nomenclature was required to expand the versatility
of the 4046 Control Assembly interms of operating with other
Adapters and Disk Driveunits. The appropriate ATTEN sig-
nal sets its associated SEEK DONE flip-flop in the Control
assembly, which in turn will produce a computer interrupt
(providing interrupts are not disabled).

The timing for Read/Write operations is shown on Fig-
ure 4-3. Operations (read or write) start in the 4047 logic
upon receipt of the READ or WRITE (CM1 and CM2 codes)
and CONTROLI1 signals from the Control Assembly. Toorder
the discussion, adescription of the 4047 logic during a Write
operation will be presented first, and be followed by a de-
scription of a Read operation.

The presence of the WRITE and CONTROLI signals will
set the RD/WR flip-flop. The outputs of this flip-flop are

used throughout the 4047 logic as primary control signals,
Setting RD/WR removes the direct reset being held on the Sec
Equal flip-flopby an OR gate. This allows sector sensing to
become operational. (It is assumed that the heads were po-
sitioned over the addressed track during the seek operation.
TheSector address signals from the Control assembly are ex-
clusive OR'ed with the SA (Sector Address) signals from the
Disk Drive. A SECTOR PULSE is transmitted from the Disk
Drive as a signal that the next sector is about to pass under
the selectedhead. This SECTOR PULSE triggers a one shot,
the trailing edge of which sets the Sec Equal flip-flop (if the
specified sector address is equal to the actual sector address).
When the Sec Equal flip-flop becomes Set it generates a 0 to
1 transition which triggers a 70 microsecond delay one shot.
(Setting the Sec Equal flip-flop also causes its reset terminal
to place alogic Oon the SEC EQUAL (1) line, which clears the
Checkword register and the checkword bit counter in prepara-
tionfor the transfer of sector data.) The trailing edge of the
70 microsecond one shot triggers the 60 microsecond Read
Delay one shot. Read Delay is triggered for both Write or
Readoperations, andis basically part of the Sector Equal tim-
ing chain. Read Delay provides control signals used in other
sections of the 4047 logic.

The trailing edge of the 70 microsecond one shot also trig-
gers the Write Enable (WREN) flip-flop with a logic 0 signal
present at the inverter controlling the D input of the WREN
flip-flop. (See the Write Logic section of Figure 4-1.) The
logic 0 output from the reset terminal of the WREN flip-flop
turns on and AND gate being driven by the 5.75 MHz Adapter
clock signal (5.75 MHz). The output from this gate drives a
two stage ring-around counter which provides a sequence of
10, 11, 01, and 00. The 01 state of the counter enables a gate
to produce a STATE IIl signal, whereas the 10 state of the
counter enables a pair of gates to produce a STATE I signal.
This form of switching (STATE I, STATE III) is usedin Write
timing because of the low noise properties inherent in this
type of counter. The STATE I signal essentially writes the
Clock pulse on the disk track. The STATE III signal writes
the Data onthe Disk track., Since STATE I and STATE III are
each separated by two other counter states (namely 11 and 00)
normal operationwill write a Clock, then write the Data, write
the Clock, write the Data etc.

Another important function of the WREN flip-flop (in the
set state) is to produce a logic 0 WRITE GATE signal for the
Disk Driveunit. This signal turns onthe WRITE (GATE) cur-
rent amplifiers in the Disk drive unit electronics. This signal
in conjunction with the WRITE DATA & CLOCK line performs
the actual data recording.

At this point inthe discussion, the WREN flip-flop is set,
the STATE I - STATE III ring-around counter is operating,
and the WRITE GATE signalis present. Referencingthe tim-
ing diagram, the next stop in the Write operation is towrite
the Sector Preamble, the writing of which lasts for 130 mi-
croseconds, andconsists ofa continuous string of zeroes con-
cluded by a single 1 bit. This function is performed by a 130
microsecond delay one shot, followed by two flip—flops con-
nectedin series. The 130 microsecond one shot is triggered
by the output from an AND gate, which is enabled by logic 1
READ DLY (1), STOP (0), andWRITE signals. This function-
ally indicates the Read Delay one shotis cycling, the Stop flip-
flop has not been set, (thus, the selected sector is present),
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and a WRITE operation has been commanded. During
the cycling period of the 130 microsecond one shot, the

Data Enable flip-flop (inthe initialized reset state) in-
hibits the gating path for the Computer data (COMP
DATA) signals from the connector (pin B70) to the
WRITE DATA & CLOCK output. Therefore, for 130
microseconds zeroes will be written at STATE III time
(with Clocks still being written at STATE I time).

The trailing edge of the 130 microsecond delay one
shot sets an ""End of Preamble' latch flip-flop. (This
flip-flop's D input is enabled by a logic 1 WRITE sig-
nal.) Thelogic1 set output from this flip-flop in turn
set enables the D input of the Sync Bit flip-flop, which
will then set on the next STATE I signal generated.
The function of the '""End of Preamble" latch flip-flop
(positioned between the 130 microsecond one shot and
the Sync Bit flip-flop) is to hold a logic 1 on the D in-
put of the Sync Bit flip-flop until STATE I occurs.
When Sync Bit sets, it enables an OR gate which auto -
matically resets the ""End of Preamble' latch flip-
flop. The logic O from the reset terminal of the Sync
Bit flip-flop enables the WRITE DATA (OR) gate (a
logic 1 WRITE DATA signal) is AND'ed with a logic 1
STATE Illsignal. Bothsignals present will enable the
NAND gate, which in turn will drive the output from
the WRITE DATA & CLOCK (OR) gate to a logic O,
writing the 1 on the End of the Preamble.

As mentioned above the '"End of Preamble'" latch
flip-flop is cleared whenthe Sync Bit flip-flop became
set. This causes alogic 0 to be placed on the D input
of the Sync Bit flip-flop, hence on the next CLOCK 1
(which naturally follows in the Counter sequence two
counts after the CLOCK III count which write Sync Bit
onto the Disk) the Sync Bit flip-flopwill be reset. The
reset terminal of the Sync Bit flip-flop then provides
a0 to 1 transition which sets the Data Enable flip-flop
(with the D input of the flip-flop set enabled by a logic
1 WRITE signal present). At this time Data Enable
provides alogic 0 from its reset terminal which func -
tions as one of the enable inputs for the COMP DATA
gate. The other logic 0 enable input is provided by
signals onthe DATA (COMP DATA inthe Adapter log-
ic) line from the Control Assembly. The output from
this gate is a logic 0 when the gate is in the enabled
state, and drives the output of the WRITE DATA (OR)
gateto alogic 1. Thissignal, as mentioned previous -
ly, is gated with a logic 1 STATE HI signal to pro-
duce a logic 0 WRITE DATA & CLOCK signal (to the
Disk unit electronics) towrite a1onthe Disk. There-
fore at this time, and for subsequent STATE III sig-
nals, the state of the WRITE DATA & CLOCK line is
under the control ofthe COMP DATA input line. Need-
lessto say, the other OR function for the WRITE DA -
TA & CLOCK gate, the STATE I function will con-
tinue to write Clock pulses (at STATE I time). Asum-
mary of the events from setting the Sync Bit flip-flop
is as follows;

a) STATE I writes single 1 bit on End of Pre-
amble.

b) STATE I clears Sync Bit flip-flop and writes
Clock. .

c¢) STATE III writes Data.
d) STATE I writes Clock.

e) STATE II writes Data.
f) steps d and e continue for remainder of data
record.

One additional timing consideration is the genera-
tion and function of the DATA STROBE and BIT COUNT
signals. Bothof these signalsare primarily functional
within the Control Assembly, where they are used to
synchronize the transfer of data between the Control
Assembly and the Adapter. DATA STROBE shifts the
Shift Register in the Control Assembly, and BIT COUNT
increments the Bit Counter in the Control Assembly.
These signals are produced initially in the 404Tlogic
when the Data Enable flip-flop becomes set. STATE I
is gated with DATA EN (1) to generate aDATA STROBE
signal. STATE II is gated with DATA EN (1) to gen-
erate a BIT COUNT signal. (These signals pass thru
additional gating which switch the signals to the input
lines of either Control Assembly A or B depending on
which is selected by the Adapter.) Therefore, STATE
I produces a DATA STROBE signal which shifts the
next bit of the Control Assembly shift register to the
DATAterminal. Thisisdoneat STATE I time inprep-
aration for writing the bit at STATE IIItime. At STATE
III time two operations occur, the bit is written on the
Disk and the Bit Counter is incremented. During a
write operation when the Bit Counter inthe Control As-
sembly reaches a count of 32 it sets a Flag which in
turn (if Data Channel Request are enabled) produces a
Data Channel Request for the next two (16 bit) words
from the computer.

In addition to producing BIT COUNT, STATE III
and DATA EN (1) that is the logic 0 output of their AND
gate) enables an OR gate to produce a logic 1 STROBE
CC (Strobe Check Character) signal. (See the Check-
word -Data Strobe -Bit Count logic of Figure 4-1.) This
signal shifts the Check Character generator used to
form the checkword by XORing the state of BIT 15 (of
the Checkword register with state of the input bit (as
indicated bythe state of the WRITE DATA LINE) tode-
termine the least significant Checkword bit. The state
of Bit 15 is also XORed with the state of Bit 8 to de-
termine the state of thebit to be loaded into Checkword
9. When the Control Assembly finishes writing data in
the present sector it transmits an INC SC (Increment
Sector Count). This signal is inverted and gated with
a logic 0 RD/WR (1) signal from the reset terminal of
the RD/WR flip-flop (in the set state). Both signals
present enable a gate to produce a direct set for the
CC (Check Character) State flip-flop. The logic 1 set
output from this flip-flop enables the D input of the CC
(Check Character) EN (Enable) flip-flop, which will be -
come set on the next STATE I signal generated. Set-
ting the CC EN flip-flop provides one of the require-
ments for a gate driven by STATE I. The output of

this gate (at STATE I time) provides a logic 0 enable
for the STROBE CC (OR) gate. Hence, each STATE I
pulse will generate a STROBE CC shift pulse for the
Checkword generator as long as the CC EN f{lip-flop is

set. The serial output from the Checkword
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register is appliedto a gate for ANDing with CC STATE
(1) (fromthe CC State flip-flop) signal and a STATE III
signal. The output of this gate drives the CHKCH line
to the WRITE DATA (OR) gate. Therefore at STATE
III time Bit 15 of the Checkword register will be writ -
ten on the Disk, and at STATE I time a STROBE CC
pulse will be generated to shift the Checkword register.
The logic 0 output from the CC EN (1) and STATE I
gate also generates a CLK COUNT signal (in addition
to the STROBE CC pulse). The CLK COUNT signal
drives an OR gate, the output of which drives a binary
counter. When the counter reaches a count of 16 (as
signified by bit 8 of the counter producing al to 0 tran-
sition) it enables an inverter to generate a 0 to 1 tran-
sition at the Cinput of the CC State flip-flop. Since the
D input of this flip-flop is grounded, this 0 to 1 tran-
sition on the C input clears the (CC State) flip-flop.
Resetting the CC State flip-flop in turn places a logic
0 on the D input of the CC EN flip-flop, allowing the
next STATE Ipulse generated to reset the CC EN flip-
flop. When the CC State flip-flop becomes reset the
set terminal will also place alogic 0 on the CC STATE
(1) line to inhibit the CHKCH gate. To summarize the
Checkword writing function:

a) The Checkword register is shifted at STATE I
time.

b) Each Checkword bit is written on the Disk at
STATE III time.

¢) Checkword writing is terminated automatically
after 16 bits have been written.

The following will review the functions of a Read
operation. (Seethe Readlogic section of Figure 4-1).
READ and CONTROLI set the RD/WR flip-flop. The
Sector Equal function and the 70 microsecond and 60
microsecond one shots function as previously described
for the Write operation. Thetrailing edge of the Read
Delay one shot triggers the Read Gate flip-flop which
is set enabled by a logic 1 signal READ signal held on
its D input. Setting this flip-flop produces a logic 0
READ GATE signal for the Disk Drive unit electronics
READ GATE enables the Read Clock and Read Data
outputs within the Disk Drive unit. READ CLOCK is
transmitted from the Disk Drive as a logic 0 signal,
and after termination in the 4047 logic is inverted to
place alogic1onthe RD CLK line. RD CLKperforms
several functions, one of which triggers a 200 nano-
second one shot. This one shot performs two func-
tions, the first of which clears out a Read Data latch
flip-flop. The second function occurs on the trailing
edge of the one shot timing cycle and triggers the
Strobe one shot. The Strobe one shot is used to gen-
erate a DATA STROBE pulse for the Control Assem -
bly (after the XFER SEC flip-flop becomes set). The
same trailingedge triggers a 15 microsecond one
shot, which in turn times out and sets the RD SYNC
flip-flop. RD SYNC enables a gate drivenby RD CLK,
the output of which clocks the XFER SEC f{lip-flop.
XFER SEC cannot become set until the first data bit
is received (as indicated by a logic 1 READ DATA
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signal). Since_the data is written at a different time
than the clock READ CLOCK pulses are used to clock
the Read Data flip-flop. As mentioned previously the
200 nanosecond one shot triggered by RD CLK cleared
out the Read Data latch. After the one shot has timed
out, and upon receipt of a logic 0 READ DATA signal
a RD DATA logic 0 signal is generated as a direct set
for the Read Data latch. The logic 1 output from this
latch enables the D input of the Read Data flip-flop.
The next RD CLK clocks the flip-flop and (if the latch
was set previously) sets the Read Data flip-flop. The
200 nanosecond one shot is also recycled at this time
(by RD CLK) and clears out the Read Data latch. How-
ever, the Read Data flip-flop cannot be reset until the
next RDCLK. Hence, if between READ CLOCK pulses
another READ DATA signal occurs, the Read Datalatch
will be set again, and the Read Data flip-flop will re-
main set. Figure 4-4 is a sample timing diagram of
the READ DATA, READ CLOCK functions. To sum-
marize: adatabit mustoccur betweentwo clock pulses,
andonce occurring requires two subsequentclock
pulsesto clear from the logic. If another data bit oc-
curs before the second subsequent clock, the clearing
of the logic is deffered to the next two subsequent clock
pulses. This logic configuration (considering of the
READDATA, READ CLOCK gates, the 200 nanosecond
one shot, the Strobe one shot, the Read Datalatch, and
the Read Data flip-flop) can be quickly checked during
any troubleshooting procedures by reading all 1's off
of the Disk. An input data train consisting of all 1's
will cause the Read Data flip-flop to remain set, hence
the output READ DATA line to the Control Assembly
will be held to a constant logic 1 level for the duration
of the 1's transfer.

The first data bit to be received (in this case the 1
written on the end of the Preamble) allows the XFER
SEC flip-flop to be set. Setting this flip-flop clears
out the RD SYNC flip-flop and sets up one of the en-
abling condition for a pair of gates, one of which is
driven by RD CLK and the other driven by STROBE
(1) (from the Strobe one shot). The gate driven by
STROBE (1) generates a DATA STROBE which shifts
the Control Assembly 32 Bit Shift register. The gate
driven by RD CLK generates a BIT COUNT. There-
fore since STROBE occurs after RD CLK (200 nano-
seconds later) the read timing is guch that a BIT COUNT
is given first to increment the Bit Counter in the Con-
troller Assembly, then a DATA STROBE is produced
to shift the 32 Bit Shift register. The set terminal of
the Read Data flip-flop drives the READ DATA line to
the Controller Assembly 32 Bit Shift register input.

The Checkword is formed in the same manner
(XOR Bit 15 with the input data bit, XOR Bit 8 with
Bit 15) during the Read operation as during the Write
Operation. Inthe case ofaRead operation, (enabling)
signal READ is gated with the READ DATA signals to
drive the Checkword input XOR gate. The Checkword
register shift pulse, STROBE CC, is generated (while
the Checkword is being formed, i.e. Read Data is in
the process of being received) by the output from the
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same (STROBE (1) and XFER SEC (1)) gate producing
the DATA STROBE pulse. Thus, a STROBE CC pulse
is generated each time a DATA STROBE pulse is pro-
duced. When a complete sector has been Read from
the Disk an INC SC is transmitted from the Controller
Assembly, and this signal together with the enabling
RD/WR (1) signal (from the RD/WR flip-flop) sets up
the CC State flip-flop, thereby enablingthe CC EN flip-
flop to be set by the next STROBE (1) signal from the
(RD CLK) Strobe one shot.

At the conclusion of the sector transfer duringa
Read operation, the Checkword assembledin the
Checkword register during the data transfer is com-
pared with the Checkword written on the Disk. Each
input Checkword bit from the Disk is compared with the
corresponding bit of the Checkword register, and mon-
itored by the CKWD (Error) flip-flop. The logic mech-
anism for shifting out the Checkword register is de-
rived from a NAND gate which is enabled by the RD
CLK, READ, and CC EN (1) signals. The output from
this gate, STROBE CLK, performs two functions;
drives the STROBE CC (OR) gate and increments the
Checkword bit counter. Therefore, each RD CLK (with
the CC EN flip-flop set) generates a STROBE CLK to
shift the Checkword register and increment the Check -
word bit counter. READ DATA signals (from the Read
Data flip-flop) are XOR gated with the state of bit 15 of
the Checkword register. The output from the XOR gate
controls the D input of the CKWD (Error) flip-flop.
The clock input of the flip-flop is controlled by selec -
tive gating of the following signals: a feedback signal
from the set output terminal of the CKWD (Error) flip-
flop, CC EN (1) and STRORBE (1). These signals re-
quire that the CKWD (Error) flip-flop be in the reset
state, that the CC EN flip-flop be in the set state, and
that the (RD CLK) strobe one shotis cycling. If a dif-
ference between the state of the bit in the Checkword
register and the state of the corresponding input (READ
DATA) bit is detected by the XOR gate the D input of
the CKWD flip -flop will be set enabled so that 200 nano -
seconds after the next RD CLK, the Strobe one shot
will fire and clock the CKWD (Error) flip-flop to the
set state. The CKWD (Error) flip-flop remaining in.
the reset state verifies equality between the Check-
word formed during the Read operation and the Check-
word formed and written on the Disk during the Write
operation. This verification validates the data trans-
fer.

Three flip-flops are included in the 4047 logic for
monitoring the Head incrementing and End of Cylinder
(EOC) conditions. The Disk Drive unit designed to op-
erate with the 4047 logic interface has two heads, the
selection of which is monitored by the Head flip-flop.
(See the A or B Control Select-Head Select-Adapter
Done logic of Figure 4-1.) Whenthe Head flip-flop is
reset one head is selected, when the Head flip-flop is
set the other head is selected. The output from the
set terminal of the Head flip-flop controls an inverter
driving the HD SEL lineto the Disk drive electronics.
Thus when the Head flip-flop is set, the HD SEL line
is at the logic 0 level, selecting the upper head or
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head 1. Whenthe Head flip-flop is reset, the HD SEL
line is at the logic 1 level, selecting the lower head or

head 0. An attempt to increment beyond the 1 head
will produce an EOC condition, and an error status.
The Head flip-flop's Dinput is controlled by the signals
onthe BUST line from the Controller Assembly, hence
head 0 or 1 may be selected directly (with increment-
ing permitted only from the 0 head selection). The INC
HD signal from the Controller Assembly is stored in a
flip-flop which in turnwill direct set the Head flip-flop,
if the Head flip-flop is currently inthe reset state, and
the Read Delay one shot is cycling. As mentioned pre -
viously setting the Head flip-flop switches the level on
the output HD SEL line to the Disk Drive unit. Setting
the Head flip-flop also places a logic 1 on the D input
of the EOC flip-flop. Under these conditions another
INC HD signal from the Controller Assembly will set
the EOC flip-flop thereby establishing the error con-
dition. EOC, in addition to being transmitted to the
Controller Assembly, from the logic 1 state, enables
the Halt OR gate to produce a logic 0 HALT signal.
This signal provides a direct set for the Adapt Done
flip-flop, which immediately informs the Controller
Assemblythat the Adapter is done (via the ADAPT
DONE (1) line). The Halt OR gate can be driven by
either of two other possible error conditions, AD +
UNSF and CKWD, or by a PWR CLR (Power Clear)
signal. Either condition occurring will produce a HALT
signal to set the Adapt Done flip-flop.

The Adapt Done flip-flop is normally set at the con-
clusion of a transfer operation as defined by the Con-
troller Assembly, and indicated by the state of the X
FER DONE line. XFER DONE is generated by the Con-
troller Assembly after data from a specified number of
sectors has been transferred. XFER DONE and RD/
WR (1) both present at the logic O level will enable a
gate to direct set the Stop flip-flop. The logic 0 from
the reset terminal of the Stop flip-flop is gated with the
logic 0 from the Sector Pulse one shot, which is cycled
onthe next sector mark after the Stop flip-flop became
set. This synchronizesthe endof the transfer opera-
tion with the sector mark. Both logic 0 signals pres-
ent enables a gate to trigger a T0 microsecond one shot.
The trailing edge of the 70 microsecond one shot in‘turn
triggers the 60 microsecond Read Delay one shot.
Read Delay cycles and produces a 0 to 1 transition of
the READ DLY (0) line at the end of its cycle. This
trailing edge function performstwo operations; clocks
the Adapter Done flip-flop to the set state (assuming
the Stop flip-flop is set), and clocks the Stop flip-flop
to the reset state. Hence, an ADAPT DONE (1) sig-
nal is produced, and the Stop flip-flop is cleared in
preparation for the next transfer or seek operation.

The Stop flip-flop is also cleared by an a logic 0
ADAPT DONE (1) signal when the Adapter Done flip-
flop becomes set. This function is included to make
sure the Stop flip-flop is cleared inthe event a Check-
word error occurs. A Checkworderror (or any other
error producing a HALT signal) immediately sets the
Adapter Done flip-flop. Adapter Done FREE's the A-
dapter (SEL A and SEL B) select ring-around counter
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allowing it to select the alternate Adapter, therebyde-
selecting the present Disk Drive unit. Underthese con-
ditions the next sector mark used totrigger the 70 mi-
crosecond one shot (and subsequently the 60 microsec -
ond and Read Delay one shot) will not be sensed by the
Adapter logic, and as a consequence the Stop flip-flop
will not be clocked to the reset state (by the trailing
of READ DLYO0). ADAPT DONE (1) prevents this from
occurring during a Checkword error condition by im -
mediately clearing the Stop flip-flop via its direct re-
set terminal.

Two error indicator signals from the Disk Drive
unit electronics are terminated and gate isolated from
their logical functions in the 4047 logic and the 4046
Controller Assembly. One error indicator isthe SEEK
INC, which produces an SEK (Seek error) signals for
the 4046 Controller Assembly. This signal is sensed
as part of the input status word. The other error in-
dicator is WRITE CHECK which produces an AD + UN
SF signal. AD + UNSF is used both in the 4046 Con-
troller Assembly and the 4047 logic. WRITE CHECK
at the logical 0 level indicates the presence of certain
conditions, within the Disk Drive unit, that are likely
to interfer with the recording of valid data onthe Disk.
Therefore AD + UNSF is used to produce (via the
HALT gate) an immediate ADAPT DONE (1) ending the
present transfer operation. SEEK INC (Seek Incom-
plete) onthe other hand is not catastrophic but indicates
the Seek was not completed. The SEEK INC state is
cleared when a {Programmed) RESTORE command is
issued.

4-4 4047 DISK POWER SUPPLY FUNCTIONAL DE-
SCRIPTION

The reader should reference drawing 001-000186
bound into the print set when reviewing the descriptions
presented ip this paragraph. Source power for the
power supply may be either standard 117 VAC lines or
220 VAC lines regulated to +20%, and capable of sup-
plying 230W. The power supply output voltages and
maximum currents are listed in Table 4-2 below.

The power supply is composed of five separate,
functional parts, +30 VNR @ 15 amp generation, +30
volt @ 4 amp generation, +5 volt regulator, +15 volt
regulator, -15 volt regulator and associated circuitry.

Table 4-2. Power Supply Outputs

Voltage MAX Current
+15v(+HV) 8 Amperes
-15v(-HV) 4 Amperes
+5v 3 Amperes
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Primary Use Remarks

Disk Drive short-circuit &

DC Power over -voltage protected
Disk Drive short -circuit protected
IC logic short-circuit &

over-voltage protected

The power supply is composed of five separate,
functional parts, + 30 VNR @ 15 amp generation, +30
volt @ 4 amp generation, +5 volt regulator, +15 volt
regulator, -15volt regulator and associated circuitry.
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4-4,1 +30 VNR @ 15 amps Generation

+30 VNR @ 15 Amps is a filtered non-regulated
voltage which is used bythe +15 volt and +5 volt regu-
lators.
tween + 32 volt and + 35. 5 volts depending upon the load.
The two transformer primaries are wired in parallel
for 117 VAC operation, and in series for 220 VAC op-
eration. The fan is always wired in parallel with the
BLK-BRN primary, causing it to be effectively wired
into an autotransformer during 220 VAC operation.

4-4.2 45 Volt Regulator

A self-oscillating, switching regulator is used to
generate the +5 volt output. (A simplified diagram of
the regulator appears in Figure 4-5 below.) The op-
eration of thistype of regulator is described briefly in
the following discussions. Areference voltageis com-
pared with the output voltage. If the output voltage is
less thenthe reference voltage, a series passtransis-
tor drives -an LC filter. When the passtransistor turns
on, the output voltage of the filter rises linearly until
the output voltage equals the reference voltage. At this
point the passtransistor isturnedoff. Thefieldacross
the inductor now reverses, allowingthe inductorto re-
cover through the commutating diode. The output cur-
rent is now drawn from the energy stored in the LC
filter. When the output voltage falls below the refer-
ence voltage, the cycle repeats. The output voltage
will be sawtooth waveform, centered around the nom-
inal output voltage.

Reference
Voltage o} —

Atnominal line voltages, +30 VNR will be be-:

+V

The +5 volt regulator consists of chip U2 and its
associated circuitry. U2 contains circuits which gen-
erate a reference voltage, a voltage comparator, and
disable circuits used by the short-circuit protection
circuits. The reference voltage at pin 6, nominally
7.15 volts, isdivided downto 5 volts and applied to one
input of the comparator atpin5. The output voltage is
brought directly to the other side at pin 4. When the
output voltage islessthan5.2volts approximately, pin
11 will drop to + 6 volts, turning both the predriver,
GE D43C5, andthe passtransistor, TIP36, on. When
the output voltage reaches 5. 4 volts, the voltage at pin
11 switches to approximately + 30 VNR, turning both
transistors off. The difference in switching points is
due to the hysteresis added by returning the collector
of the TIP36 througha 220K resistor to pin5. The fre-
quency of oscillation will vary with load. As the load
increases, the frequency increases, reaching a maxi-
mum of about 25 KHz at full load.

Over -voltage protection is provided by an SCR 2N
4441. When + 5 volts rises above approximately 7.5
volts the SCR turns on, blowing the 15 ampere fuse
which removes + 30 VNR from the regulator.

Short circuit protection is provided by R19, CR4,
and C7whichare connected between pins 2 and 3 of U2.
The comparator circuit (1 A723) requires the voltage at
Pin 3 to always be higher than at Pin 2. When the out -
putis at the . 5volt level pin 3 is higher (voltagewise)
than pin 2 bythe forward drop of diode CR4. If the+ 5
volt output becomes shorted to ground, then pin 3 for
that instant will be at or close to ground. Pin 2 on the
other hand, will be at an approximate + 0.5 volt level
due to the series divider network composed of Zener
diode VR3, and resistors R18 and R19. This causes
the comparator to open circuit the output voltage. Ca-
pacitor C7is incorporated (in parallel with CR4) to pro -
vide dampening for any high frequency surges that may
appear on the + 5 volt output lines.

O Output Voltage

Figure 4- 5. 45 Volt Regulator Functional Diagram
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4-4.3 + 15 Volt Regulator

The + 15 volt regulator differs from the + 5 volt
regulator in only one respect. The output voltage,
rather than the reference voltage is divided down, be-
fore being applied to the voltage comparator. The short
circuit protection and the over-voltage protection is
the same as described forthe + 5 volt regulator as both
regulators are powered bythe + 30 VNR@ 15 amp line,
and incorporate similar circuitry between pins 2 and 3
of the comparator.

4-4.4 + 30 Volt @ 4 amps Generation

The + 30 volt @ 4 amps source is a filtered non-
regulated voltage used exclusively by the - 15 volt reg-
lator. At nominal line voltagesthe rectifier and filter
output will also be between + 32 and + 35.5 volts de-
pending on the load conditions. A 4 amp fast blow fuse
provides protection between the filter output and the
- 15 volt regulator.

4-4.5 - 15 Volt Regulator

The main difference between the -15 volt regulator
and the other two regulators isthat the output from the
regulator filter (L1 and C10) is grounded with the -15
line taken from the normal ground bus of the circuit
(pin 7 of the comparator). This output connection and
the separate 30 volt rectifier -filter source are the only
differences betweenthe + 15 volt regulator and the -
15 volt regulator. It is noted that the - 15 volt regu-
lator is not overvoltage protected by the 2N441 SCR
circuit. Zener diode VR4, resistors R4, R3, diode
CR3, and capacitor C2 are connected between the +
30 volt (4 amp) source and pins 2 and 3 of comparator
U1 (and ground) to provide short circuit protection in
the exact same manner described for the + 5 voltcir-
cuit.

4-4.6 Power Low Monitor Signal Generation

Transistor Q6 monitors the level on the + 30 VNR
line to determine when a power failure is in process.
The output from this transistor controls the POWER
LOW line to the Adapter Plug and Logic Interface. The
+ 30 VNR line is monitored by VR2 whichhasanom-
inal 24 volt Zener characteristic @ 5.2 milliamperes).
Thus, aslong as + 30 VNRremains at or above Zener
level the voltage drop across R28 will be sufficient to
keep Q6 in saturation, thereby holding the POWER LOW
line to 0 volts. Once the Zener extinguishes Q6 will
cease conduction and allow the POWER LOW line to
swing to the + 5 volt levelor logic 1 level. Thislevel
causes the Adapter logic to initiate a string of clear-
ing functions. POWER LOW also produces a direct-
set for the ADAPT Done flip-flop, which in turn im-
plements logic to immediately set the DP Done flip-flop
within the Controller.
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The wires used to connect the power supply output
voltage terminals (located near the rear edge of the
power supply PCB assembly) with the Adapter Plug
and Logic Interface sections are identified and de-
scribed in Chapter 5 of this manual.
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SECTION V

MAINTENANCE

5-1 GENERAL

The Diagnostic test programs supplied by Data
General are bi-functional from a maintenance point of
view, inthat they are used both to verify that the Disk
installation is completely operational, while they may
also be used for fault isolation. Preventative main-
tenance scheduling of the Disk diagnostic tests depend
on the operation schedules established bythe user and
will vary from installation to installation. The 4046
Control assembly and 4047 or 4049 Adapter unit re-
quire no preventative maintenance such as periodic ad-
justmentsor lubrication. However, a general periodic
inspection should be giventhe system IO and power ca-
bles for fraying or wear. Checkall plugs and connec-
tors for being properly seatedin their respective con-
nectionlocations. Checkthe cooling fan inthe Adapter
unit periodically for proper unobstructed operation.
Maintenance Procedures for the 4047A or 4047B Disk
Drive unit are presented in Manual No. D3140-171 ship -
ped with eachunit under separate cover. Thus, there-
maining descriptions and procedures of this Chapter
are applicable only to the 4046 Controller Assembly
and the 4047 or 4049 Adapter unit.

5-2 SPECIAL TOOLS AND TEST EQUIPMENT

The following is a list of special tools and test e-
quipment recommended for servicing the 4046 Control
PCB Assembly and the 4047 or 4049 Adapter unit.

MULTIMETER

OSCILLOSCOPE

LONG LEAD PROBES

EXTENDER BOARD

WIRE WRAP TOOL
(24 GAUGE)

IC TEST CLIP

SOLDERING IRON
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SIMPSON MODEL 260
OR EQUIVALENT,

TEKTRONIX 453
OR EQUIVALENT

TEKTRONIX P6010-10X
OR EQUIVALENT

DGC 107-000007-02

GARDNER DENVER
Model 14AX2
OR EQUIVALENT

MANUFACTURED BY A. P. INC.
Plainesville, Ohio

WELLER ISOLATED
Model W-TCP
OR EQUIVALENT

5-3 DIAGNOSTIC PROGRAMS

The Disk Diagnostics areindividual programs
which together test all logical operations ofa Disk in-
stallation. Individuallythe programs test various log-
ic areas of the 4046 Controller and the Adapter Inter -
face Logic. The majority of the diagnostic routines
are capable of diagnosing malfunctions down to the log-
ic level and provide a means of measuring the per-
formance of the system on a repeatable basis. Copies
of diagnostic tapes as well as individual program doc -
umentation are part of the software package delivered
with each Disk Cartridge system. Individual program
documentation provides informationas to operating
procedures, error interpretation; console switch set -
tings and logical areas tested. Certain diagnostics
may be scheduled as part of daily and weekly preven-
tive maintenance routines.
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PROGRAM

Disk Diagnostic

(See DG Document
097-000039 for other
details and restrictions.)

Disk Reliability Test
(See DG Document
097-000038 for other
details and restrictions. )

DIAGNOSTIC PROGRAMS

DESCRIPTION

The Diagnostic program examines the
states of specific functional logic sections
within the 4046 Disk Controller on a gate
by gate basis. The program requires a
Nova or Supernova Processor, a 4046
Disk Controller, a 4047 or 4049 Disk
Adapter, 1 to 4 Disk Drive units, and a
Teletype (and Teletype Control). The pro-
gram assumes that the Disk Drive units
are all operating properly. Special Op-
erating functions are provided by the pro-
gram through assignment of special
Starting Addresses and Console Switch
settings.

The Moving Head Disk Reliability program
tests and exercises the 4046 Disk Control-
ler and from 1 to 4 Disk Drive units. The
program requires the same equipment con-
figuration identified above for the Diagnos-
tic program. The program is designed to
be compatible with a Disk Drive configura-
tion shared between two computers. In this
particular configuration the Reliability
program could be run simultaneously in
both computers. The Disk Reliability

test writes and reads various data patterns
(e.g., Zeroes, Ones, Random) on the disk.
The program also performs several ad-
dress tests along with other sector read-
ing and writing tests. Special operating
functions are provided by the program
through assignment of special Starting
Addresses. The program features a Com-
mand String Interpreter (Starting Address
4058) which may be used as a trouble
shooting tool.
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5-4 TROUBLE SHOOTING PHILOSOPHY

Effective trouble shooting is accomplishedin a
minimum of time by following a series of logical steps.
The ultimate aim is to effectively pinpoint the actual
problem using all information available. Locating the
malfunction is then the next step. The following is a
suggested plan for effective casualty analysis:

a) Investigation - record the state of the equip-
ment on error occurrence. Look for obvious symp-
toms including operator error, loose plugs or con-
nectors, blown fuses, etc. .

b) Isolation - through the use of diagnostic pro-
grams or console trouble shooting techniques attempt
to isolate the malfunction to a particular board, i.e.,
Disk Controller PCB or Disk Adapter logic PCB, or
the Disk Drive unit itself.

c¢) Component Isolation - Isolate the faulty com-
ponent using an oscilloscope and the diagnostic pro-
grams. Selecting the correct oscilloscope external
sync is of importance at this point.

d) Replacethe faulty component and retest by run-
ning the diagnostic that originally failed.

e) Record fpr future reference, the symptoms,
cause, unique trouble shooting method/s used to iso-
late the malfunction.

5-5 ADAPTER POWER SUPPLY CHECKOUT

The sequence of checks below should be performed
to verify that the Adapter power supply is operational
after a power malfunction and before ac power is re-
applied to the supply. Paragraph 5-5.2 lists the power
supply output voltages under load. After completing
the preliminary checklist (of paragraph 5-5. 1) ac pow-
er may be reconnectedand turnedon. At thistimethe
output dc voltages maybe measured (and compared
against the data specified) to complete the checkout
procedures.

5-3

5-5.1 Power Supply Checks with AC Power Discon-

nected

‘a) Check continuity ofac (line) connections intothe
supply.

b) Check for proper transformer connections.
¢) Check for correct fuse values.

d) Check for shorts between ac connections, ac
connections to ground, dc voltage terminals to ground.

e) Check screwterminals of dc output voltage con -
nections (onthe rear of the power supply PCB assem -
bly) for tightness. Verify screws are bound tightly
down on the associated connection lugs.

f) Check dc wiring from power supply PCB to
back panel of the Adapter Plug Interface. Make sure
all connections are present and secure.
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5-5.2 Power Supply Outputs Under Load

The specifications listed below pertains to the single power supply built into Adapter 4047. Since Adapter 4049
contains two identical supply units of the type built into Adapter 4047, allcurrent values are twice the values listed.

a) + 5VDC@ 3.0 Amps + 5.5to+ 4.5 VDC < 150 mv Ripple Max.
b) + 15 VDC @ 8.0 Amps + 16.5 to + 13.5 VDC < 150 mv Ripple Max.
c) - 15VDC @ 5.0 Amps - 13.5to - 16.5 VDC < 150 mv Ripple Max.

5-6 IC IDENTIFICATION

Table 5-1 is included in this section to facilitate anytrouble shooting procedures that require identification be -
tween any IC reference number (Ul-Un) and the original manufacturer's part number. The IC list is divided into
four columns, the first for the 4046 Disk Controller PCB assembly, the second for the Adapter Logic Interface
PCB assembly, the third for the Adapter Plug Interface PCB assembly, and the fourth for the Adapter Power Sup-
ply PCB subassembly.

Table 5-1. IC Identification List

4047/4049 40417/4049 4047
ADAPTER ADAPTER ADAPTER

IC 4046 DISK LOGIC PLUG POWER
CHIP CONTROLLER INTERFACE INTERFACE SUPPLY
o1 3003 LYz 9602 LAT23

U2 8H90 9016 8271 LAT23

U3 9002 9602 9322 1LAT23

U4 9003 9016 9322

U5 9003 9002 9322

U6 9003 9015 7474

U1 8H90 ~ 9321 9015

Us 9007 9016 9322

U9 7438 8202 9322

U10 8H90 9016 9002

U1l 7438 9002 9322

U12 9003 3001

U13 7438 9002

Ul4 7438 3001

U15 7438 9602

U16 7438 7474

U117 9602 9602

U18 9002 3003

U19 7474 3001

U20 9015 7474

v21 3001 9602

U22 7474 7474

U23 7438 9602

U24 9002 9015

U25 9015 7486

U26 7474 7474

U217 1474 3003

U28 7474 9015

U29 7438 1474

U30 8H90 9002

U3l 8H90 9003

U32 8H90 7474

U33 8H90 3061

U34 9015 1474

U35 3001 9016

U36 9002 8281

U37 7474 9002
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404'7/4049 4047/4049 4047
ADAPTER ADAPTER ADAPTER
IC 4046 DISK LOGIC PLUG POWER
CHIP CONTROLLER INTERFACE INTERFACE SUPPLY
U38 7474 9004
U39 9009 9003
U40 314A 7486
U41 8291 9328
U42 3001 7474
U43 7474 3001
U44 7474 7474
U4 8266 9602
U46 8267 7438
u47 8291 7474
U48 8291
U49 8264
Us50 9322
U51 9322
Ub2 8202
Us3 74198
U554 7474
Ub5 9015
U56 82171
us7 9002
Us8 9602
U59 8291
U60 3003
U6l 7474
U62 7474
U63 9322
U64 8267
u6s 8291
U66 8291
U617 8264
U68 9322
U69 9322
U170 8200
un 74198
U2 9602
U3 9015
U4 8H90
U5 7474
u16 9002
u71 8291
U8 9321
u19 9002
U8o 8HI90
U8l 9322
u82 8267
u83 8291
U84 8291
U85 8264
u86 9322
U8t 9322
Uss , 8202
U89 74198
U9o0 9003
U9l 9007
U92 8291
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4047/4049 4047/4049 4047
ADAPTER ADAPTER ADAPTER
IC 4046 DISK LOGIC PLUG POWER
CHIP CONTROLLER INTERFACE INTERFACE SUPPLY

U93 3001

U94 8202

U95 8202

Uu96 82617

U9t 8291

U98 8291

Uu99 8264

U100 9322

U101 9322

U102 7474

U103 74198

5-6
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