o CUSTOMER ENGINEERING DIVISION

2200vs/8300

HARD/FLOPPY DISK DEVICE ADAPTER MANUAL

PRELIMINARY

NOTICE:

This document is the property of Wang Laboratories, Inc.
Information contained hersin is considered company propri-
etary information and its use is restricted solely to the
purpose of assisting you in sarvicing Wang products. Repro-
duction of all or any part f this document is prohibited
without the consent of Wang Laboratories.

‘ LABORATORIES, INC.
WAN G 1 INDUSTRIAL AVENUE. LOWELL, MASSACHUSETTS 01851, TEL. (617) 851-4111, TWX 710 343.6760, TELEX 94-7421

Printed in U.S.A.
13-210A




PREFACE
8300 BUS STRUCTURE

The 8300 System is a multiple processor system: The Central
Processor (CP) is the master processor; the Input/Output Processors
(I0Ps) receive commands from the CP and control their attached
peripheral devices. All processors (CP and IOPs) have the ability
to access Main Memory by using the Main Memory bus (MMB). Processor
requests for Main Memory operations are handled onc at a time based
on the high priority requesting processor at the start of each Main
Memory cycle. A Main Memory operation consists of a transfer of one

or two bytes between Main Memory and a processor,

A second bus, the Procescor Communication Bus (PCB), allows the
CP to send commands to any particular IOP. The PCB also provides an
interrupt capability; after an IOP requests CP service, the CP can

gLdliL Lilis peudiny interrupt request by using the PCB,

An IOP has one or more peripheral devices attached to it. 'The
IOP performs control and data transfer operations involving these
attached devices as directed by CP commands., CP commands are issued
to a particular peripheral device; the command is performed by the
I0P to which that device is attached. 1In general, an IOP has only
one typg of device attached to it. (This allows the IOP microprogram

to be shared among the attached devices.)

RS

The following conventions are used in this manual and schemailcs:

1. Each term is characterized by its logic active level-i.e.
TOl = Time one active high (+3.8V)
TO1 = Time one active low (OV to +.4V)

2. All logic device symbols reflect that devices stand-alone function

not its function within a particular circuit.
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3. Llogic 'l’' = +3.8V = HIGH
Logic '0' = OV + .4V = LOW

4. The weight (binary) of bits within registers and bigses is bit-0
being the most significant bit. The higher the bit number, the
lower its value-i.e.

(MSB) RO . R15  (LSB)
(MSB)  ICO IC11 (LSB)

5a. All signals crossing an interface (DAI, DLI, PCBI) are active
high +3.8V.

S5b. All strobes crossing an interface are active low OV +.4V.

NCTE:
These levels are recommended but not the rule.

Any differences will be pointed out where they
occur.

6a. (::)- Finger connections (bottom.of board)

6b., <:::>- Connector connections
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0.0
10P DEVICE ADAPTER SUB-SYSTEM OVERVIEW

DUESCRIPTION:

The Device Adapter (DA) is that part of the Input/Output Processor
(10P) that adapts thc peculiar requirements of a peripheral device to
the requirements of the Microprocessor (MP) within the IOP.

GENFRAL RELATIONSHIP:

The I(? exchanges information with the CP through main memory via
a set of lines called the Main Memory Bus (MMB). The CP and the IOP
engage in dialog via a set of lines called the Processor Communication
Bus (PCB). The significance of these two sets of lines is qualified
by two interfaces: the PCB interface (PCBI) and the MMB interface
(MMBI). These two interfaces are integral components of the IOP as
ave the Device Level Interface (DLI) wiiicii yualifies signals between
the devices and the IOP, and the Microprocessor (MP) which acts as the

controller of these interfaces.

An IOP relieves the CP of the burden of communicating directly
with I/0 devices and permits data ,rocessing to proceed concurrently
with I/0 operations. An I10P provides the logical capabilities necessary
to operate and control an I/0 device. The IOP decodes the commands
fetched %rom main memory and interprets them for the particular type

of device.
Input/Output Devices

Input/Output devices provide external storage and a means of
communication between data processing systems or between a system and
its environment. Input/Output devices include such equipment as work-
stations, magnetic tape units, disks, typewriter-keyboard devices,

printers, and teleprocessing devices.




tnput/Output Device Identification

The WANG 8300 system is capable of connecting 8 input/output
processors with each processor capable of connecting up to 16 I/0

devices. (This configuration may be altered in future models.)

Each device has a one byte (8 bit) device address. All values
from 00 to FF are legitimate device addresses. The priority of interrupt
service is determined by the physical position of the IOP in the hardware
configuration and not by the device address.

An 8-bit device address consists of an IOP portion and a device
portion. The bit assignments are IOP dependent. The current IOP
supports from four to sixteen devices; the high order four or six bits
are therefore the IOP address and the low order two or four bits are
the device address.*

The following block diagram shows the functional relationship of
major components within the IUP. The relationsiiip oi the IOP (showa
inside of box) with Main Memory, CPU and the Peripheral Device(s), is
via the MMBI, PCBI and DLI respectively.

The CPU converses with Main Memory via the MMBI as does each IOP.
However, the block diagram shows a separate path to clarify the functional

data path and control path of the 8300 system.

The device adapter (DA) contains hardware required to interface
the peripheral device(s) to its controlling microprocessor. The DA
resides in the same module as the MP but is part of the peripheral
device's hardware. This module is referred to as the IOP and the
peripheral device(s) as the IOP device(s).

For further description, operation and eventual hardware breakdown,
refer to the section indicated below each title.

* IIII DDDD = 16 DEVICE IOP
IIIIII DD = 4 DEVICE IOP
I = IOP ADDRESS
D = DEVICE ADDRESS
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1.0
- HARD/FLOPPY DISK DEVICE ADAPTER -
(21 -7/ PC Board)

DESCRIPTION:

The Device Adapter converts the peculiar requirements of a par-
ticular peripheral device to the requirements of the Microprocessor
portion of the 8300 IOP.

The Microprocessor commands the peripheral device, via the Device
Adapter, and supplies various status associated with the peripheral and

any other special information that might be required by the peripheral.

In the case of the Hard/Floppy Disk Device Adapter, the following
tasks are performed by the Device Adapter:

A. DTSK SFLECTION - i.e., one of four possible disks is selected
gaining access to the DLI port and made available for all data
transfers and control information both to and from the micro-

processor via the DLI and DAI.

1. This selection is a direct function of the MP's pointer

register.

PTO PT1

= SEL 0 (Hard Disk)
= SEL 1 (Hard Disk)
SEL 2 (Hard Disk)
= FLOPPY DISK SELECT

- = O O
= O - O
L}

2. This select shifts the device adapter's internal operation
of its clock to accomodate both the hard and floppy disk's

different data rates.




B. INSTRUCTION DECODING - i.e., to determine what task is to be per-
formed and the execution of that task satisfying the requirements

of the disk and microprocessor/microprogram:

1 -- Format
2 - Write
° 3 - Read
4 - Write/Verify
5 - Various Status Information
Transfers and Operations
C. DIRECT MEMORY ACCESS (DMA) - i.e., the DA handles the actual main
memory transfer by its hardware rather than the microprocessor by
its Control Memory Bus Interface microinstruction (CMBI). This
results in a fast memory access required by the disk in order to
{ read or write consecutive bytes.

1. There are 256 consecutive data bytes in each sector of the
disk.

2. The microprocessor, after issuing the appropriate command to
the device adapter, waits for the input bit to be set by the
device adapter (signalling the end of the operation) before

issuing any more commands to the device adapter.

The following block diagram shows the relationship between major
elements within the Device Adapter.

For further description of each element, refer to the section

indicated in each element block.
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MNEMONIC LIST:

ACC & ACC
ACK & ACK
ADDR ACK
ADO

APL

BCK & BCK
BSR

CCE

cpLI

CIS

cp

(]

DCE

DCP

DDS

LS

DOS

DSMH
DSML

LSO & DSO
DO (MSB) ++DI§"(LSB)
EOF

EOR

EOW

FCS

FDP

FIR & FIR
TMC

FRN

HPS

1.2
DEVICE ADAPTER

- DIABLO & SHUGART -

= Allow Cyclic Check

= 'A' Clock

* Address Acknowledge

= Allow DLI Instruction
"= Allow Parallel Load

= 'B' Clock

= Bit Serialization Register
= Cycle Check Error

= Control Device Level Interface Microinstruction
= Controller In Sync

= (Central Processor

v Clear Seriulization Kegisnter
= Data Compare Error

= Data Comparison

= Disk Direction Stored

= Device Level Select

= Data Order Stored

= Device Strobe MDRH

= Device fStrobe MDRL

= Disk " :robe Out

= Data to MP Board MDRH & MDRL Input Multiplexers
= End of Format

= End of Read

= End of Write

= Format Command Stored

= Floppy Disk Pointer

= File Inoperable Reset

= Format Command

= File Ready

= Head Position Select




x

-3

[72]
=}

HW16
INC2
INITE
INIT2
I0P
1S5
e
TAI
1Is
LSR
LTz

MDHO (MSB) <« MDH7 (LSB)=
MDLO (MSB) <+ MDL7 (LSB)=

MM

MP

MXA

MXB

PTO (MSB) «+ PT1 (LSB)
RCS & RCS

RDC

RDI & RDI

RGA
= -
RSA
RST
RTS
RVC
SCA
SCD
SDD & SDD
SBI
SDO
SDP
SDR
SEL 0

Hardware Read 16
Hardware Transfer Stop
Hardware Write 16
Second Increment Pulse to MAR
Latched Initialize
Initialize
Input/Output Processor
Inhibit Serialization (Reg.) Shift
Increment Write Clock
Logical Address Interlock
Load In Status
Load Serialization Register
Load Track Zero
Memory Address Register High
Memory Address Register Low
Main Memory
Microprocessor
BSR Multiplexer Select 'A'
BSR Multiplexer Select 'B'
Pointer Register Bits
Read Command Stored
Read Command
Read Data In
Resync For Data
Read Gate Allow
Reset Operational Status
Resync Allow
Restore
Ready To Seek
Read & Verify Comwand
Strobe Cylinder Address
Sync Character Detected
Strobe Disk Direction (Step In/Out)
Serial Data In
Serial Data Out
Select Disk Platter
Shift During Read
Pointer to Drive {0

8
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SEL 1

SEL 2

SHC & SHC

SHP & SHP
SHW

SIE

SINPT & SINPT
SIS

Sop

S0S

SPP

SRR

SRT

SSR

STG

STP

S1 (MSB) <> S5 (LSB)
TAO (MSB) <+ TA8 (LSB)
TIS

TO2, TO4, T06
ULH

WCE

WDC

WGT

WMR

m— \

WPT

WTG & WIG

Pointer to Drive f1

Pointer to Drive #2

Strobe Header Check

Strobe Head Position (Up/Down)
Set Write Request

Seek Incomplecte

Set Input Bit

Step Into Sixteen

Surface Operation

Step Out of Sixteen

Sector Pulse Present

Set Read Request

Start Read Termination

Shift Serialization Register
Shorten The Gap

Step-Floppy

Sector Address from Disk
Track Address Bits (Cylinder)
?ime In Sync

Subcyecle Times (MP)
Upper-Lower Head

Write Check/File InoperatiQe
Write Data Command

Write Gate Time

Write Memory Request

Write Protect

Write The Gap




1.3
- DEVICE ADAPTER INTERFACE (DAI) -

The Device Adapter Interface is that set of interconnecting lines

between the Microprocessor and the Device Adapter.

The following is a description of DAI terms and their pin assign-
ments peculiar to the Hard/Floppy Disk Device Adapter sub-system. For
a complete list of the DAI terms, see the 8300 MP Manual.

MDRH (MDHO +* MDH7) & MDRL (MDLO <+ MDL?7) LINES - MP TO DEVICE

These sixteen lines come from the microprocessor and are direct
outputs from the MDR (Memory Data Register). Since the microprocessor
is utilizing the MDR for its operations, the information across these
lines can only be considered valid when the appropriate strobe and command
is sent from the controller to the peripheral device. 1In addition, these
liues way also be uscd to pass commande, (bits within the MDR) o trhe

Device Adapter in conjunction with the microprocessor CDLI command,

DATA (DO-D15) LINES - DEVICE TO MP

These sixteen lines come from the Device Adapter and are utilized
to pass data and status back to the microprocessor. These lines are
used in conjunctior with the SELECT MDR, STROBE MDRH and STROBE MDRL

lines. These lines must have the same truth as the bits required in
the MDR.

NOTE:
(D0-D7) = MDRH (D8-DIf) = MDRL

., CONTROL OPERAND OF CDLI INSTRUCTIONS (R5-R15)

These eleven lines come from the microprocessor and signal the Desice
Adapter as to the operation it is requested to perform. The usage of
these bits varies from one machine to another and will be specific "o the

device type to be connected. These lines may be bit significant or binary
coded.

10




If the instruction is transferred to the Device Adapter via the MDR

register(s), the control operand of the CDLI instruction will remain un-
defincd.

CDLI LINE (CDLI)

This line, (active low) is valid from TO02 (CLOCK TIME 2) throughout
the execution of the microinstruction and is present when the microcode
issues a command to the D.A. At this time, the D.A. electroniecs can
interpret its instruction from either the eleven instruction lines or
via the output lines from the MDR. The method used for implementation

can bec made by the hardware designer and the microprogrammer at the time

of the design conception.

POINTER LINES (PTO AND PT1)

These two lines come from the microprocessor and indicate to the
device electronics the peripheral port which is of interest to the

microprocessor.

T02-T04-T06

These lines come from the microprocessor and are the timing signals
associated with microinstructions coming across the Device Adapter Inter-

face.
SELECT MDR (DLS)

This line is generated by hardware within the Device Adapter,

When the D.A. electronics is required
to put data or status into the MDR (under command of the microprocessor),
this line must be brought low. At some time later, the appropriate MDR
segment (either MDRH or MDRL) must be strobed.

11




STROBE MDRH (DSMH), MDRL (DSML) N

These two lines are under control of the D.A. electronics,

When data or status is loaded into
the MDR, and at sometime after the MDR selection, the appropriate MDR
strobe will be made.

INPUT RESPONSE (SINPT) )

This line is generated within the Device Adapter.
This line is used to set the INPUT bit
in the microprocessor, thereby indicating a response from a device operationm.
The microcode within the microprocessor tests this bit periodically for
a device response. The purpose of this bit is to allow for asynchronous
operations within the peripheral device to become synchronous with the
microprocessor. The minimum pulse width for this signal is 25 nanoseconds.

INITIALIZE (INIT2)

This line will be 0 volts during power-up time for 50 microseconds,
then changes to +3.8 volts. An active low pulse of 50 microseconds will
also be generated via the prime button. '

HARDWARE WRITE SIXTELN (HW16)

This line must be held at +3.8V when not in use. When this line is e
brought to 0 volts, the memory controller takes in the contents of the MDR.

HARDWARE READ SIXTEEN HRI16)

This line must be held at +3.8V when not in use. When this line is
brought to 0 volts, the memory controller loads the data from the main

memory into the MDR.

12




HARDVWARE STATUS BIT 1 (HSBI1)

This line will be 0 volts normally and will go to +3.8V when a

menory parity error occurs. This bit will become a status bit in the
operational status byte.

HARDWARE STATUS BIT 2 (HSB2)

This line will be 0 volts normally and will go to +43.8V when an
illegal address has been sensed by the memory controller. This bit will

become a status bit in the operational status byte.

HARDWARE TRANSFER STOP (HTS)

This line wili be 43.8V normally and will go to O volts when either
illegal address or parity error is detected. During a direct transfer,
a 0 volt on this line will couse an immediate termination of the direct

transfer operation.

RESET OPERATIONAL STATUS (ROS)

This line s #oRmally At +3.8V, A & volt level on

this line causes hardware status bits 1 and 2 to be reset.

MAR INCREMENT (INC2)

This line is normally +3.8V. When this line goes to OV and then

back to +3.8V, thc memory address counter is incremented for the second

time during the current MEMOL Y 0PRPERLATION.
13




SYSTEM INITIALIZE

This line is normally +3.8V. When this line goes to OV, it indicates
a master reset {power-on) from the system. This line will also go to OV

whenever the power supply voltages become out of tolerance.

14
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1.4
- DEVICE LEVEL INTERFACE (DLI) -

The Device Level Interface consists of three connectors. Two
connectors are used for comnection to the first 10 megabyte hard disk.
One or two more hard disk(s) can be attached in a daisy chain configur-
ation - i.e., the second hard disk can be attached to the first, and the
third hard disk can be attached to the second disk.

* 1. The last hard disk must be terminated. If only one hard disk is

used, it must be terminated.
2, Connectors number one and two are used for the hard disk DLI:

s Connector No. 1 (J1)
= Connector No. 2 (J2)

The floppy disk has its own connector on the device adapter. Only

| ‘ one floppy disk can be attached - i.e., no daisy chain configuration of
) floppy disks is allowed.

1, The floppy disk DLI, for the most part; is in a parallel configur-
ation with the DLI for the hard disk and uses the terminator block
physically mounted on the hard disk. Those signals peculiar to the
floppy disk only are terminated within the floppy disk.

.

' ﬂ single
or multiple (up to 3 max.) hard disk configuration may appear without
-
'~ a floppy disk, o A FLoPP?  w aHOV) WD hl.S‘S) ol

Uy ComBwATION PLOPP_'( Moh AL N, S,

2. The connector with no subscript is used for the floppy disk DLI:

<::> = Connector for the Floppy Disk

~ The following Device Level Interface description is broken inte
‘ two parts, The first is the DLI for the Hard Disk(s) and the second
is the DLI for the Floppy Disk:

17




- SIGNAL DESCRIPTION =-
(HARD DISK)
- LINES TO THE DISK DRIVE -

UNIT SELECT LINES (SELO, SELl1, SELZ2)

There are three unit select lines going out of the interface port.
They are used to select one of the three possible drives in the daisy
chain configuration. A value of '0' in one of these lines selects the .
corresponding unit. The selected drive has access to the interface port -

and all signals to and from the interface apply to this drive.

DISK SELECT (SDP)

This line selects the removable or the fixed cartridge. A 'O’

selects the removable cartridge; a 'l' selects the fixed cartridge.

HEAD SFRT.RCT (ULH)

This line selects the upper or lover head of the selected cartridge.
A '0' selects the upper surface head; a 'l' selects the lower surface
head.

TRACK ADDRESS (TAO(MSB) ++ TA8(LSB))

Thése 9 lines active low (0V, .4V), are used to specify a cylinder
address where the heads ar~ to be moved. These lines are strobed with

the strobe line and stored in an internal address register (disk drive).

DISK STROBE OUT (DSO)

This line is used to enable the track address and the restore lines.
This line is made '0O' when the appropriate signal lines have settled and
must be held until at least the leading edge of the address acknowledge
signal is detected.

18




RESTORE (RST)

’ This line 1is used to position the heads at cylinder 0. After
completion of this command the heads are located over cylinder 0, and
the seek incomplete condition is reset. This signal is active low

(0V, .4V). This line must have settled before the application of DSO.

WRITE GATE (WRITE GATE)

. This line turns on the write current in the selected head. The
signa’ must be applied at least 2 ysec prior to writing the first flux
transition, and held for the entire duration of the write operation.
This signal is active low (0V, .4V).

| *ERASE GATE (LRASE GATE)
- ;
| This line turnshthe erase current in the selected head. There is

no built in delay of erase current. This signal is active low (0V, .4V).

. WRITE DATA AND CLOCK (WRITE DATA)

This line accepts multiplexed data and cleck pulses for double
frequency or phase encoding type recording. Pulses must have a minimum
width of 100 nanoseconds. Leading edges must have a transition time of .

not more than 50 nanoseconds. Pulses are active low (ov, .4V).

. READ GATE (READ GATE)

This line enables the read clock and read data output lines. The
read gate must be held active during the entire read operation. This
signal is active low (0V, .4V).

*Erase Gate causes a 'trim" erase of the data track. The hard disk

does not have crasing of the entire track capability. The "trim" erase
. limits the width of a track by erasing all signals that are wider than

the specified track width. (See pigblo Series 40 Maintenance Manual.)
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FILE READY (FRN)

A '0' on this line indicates that all the following conditions
are met (normal operation):

- Power On

- Dust Cover Loaded* -
- Equipment Drawer Closed

- LOAD/RUN Switch In RUN Position

- Start Up Cycle Complete

- Write Check False

- File Select True

READY TO SEEK (RTS)

A '0' on this line indicates that the drive is in the file ready
condition and is not in the process of executing a seek operation.
Following a seek command to a valid address (other than the present
address), or a restore command, this line will go to 'l' within 1 usec

after detecting the leading edge of the strobe signal. The return of
the line to '0' indicates that the seek or restore operation has been
completed. This line does not change when the present cylinder is

addressed.
ADDRESS ACKNOWLEDGE (ADDR ACK)

A '0' on this line indicates that a command to move the heads
has been accepted and that execution of the command has started. An -
address acknowledge is issued 500 nanoseconds after the leading edge
of the strobe is detected even if there is no change in the address.
This signal is a 1 usec pulse. The pulse will not be issued if a
logical address interlock condition is detected.

*On the Diablo Series 40 Disk Drive, the removable disk platter need

not be installed, just the dust cover, to obtain a file ready condition,
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LOGICAL ADDRLSS INTERLOCK (L.I)

A '0' on this line indicates that a track address greater than 407
has been received and that the command is not executable. The seek
command is suppressed. This line is reset ('l') with the next valid

address acknowledge or with the restore command.

SEEK INCOMPLETE (SIE)

A '0' on this line indicates that a malfunction has caused an in-
complete seek operation. This value will be maintained until a restore

command has been received and executed by the disk drive.

SECTOR MARK (SPP)

A '0' on this line indicates that a sector slot passes by the
transducer, This line is pulsed for 40 usec when this condition

arises (24 times per revolution).
SECTOR ADDRESS (S1(MSB) ++ S5(Ls2))

These 5 lines define the sector address under the read/write heads.
The selected address counter is advanced by the leading edge of the
sector mark and 1s reset to zero by the leading edge of sector mark
following the index mark. The value of the séctor counter is not con-
sidered valid for the duration of the sector mark pulse. These lines
are active low (0V, .4V).

READ CLOCK (READ CLOCK)

This line provides clock pulses which have been separated from the
data signals during reading. Pulse width is nominally 100 nanoseconds,
with a minimum of 50 nanoseconds and é maximum of 150 nanoseconds.

The negative going edge must be used for reference. This pulse 1is
active low (0V, .4V).
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READ DATA (READ DATA)

This line is used for output data signals which have been separated
from clock signals during reading. Pulse width is nominally 100 nano-
seconds, with a minimum of 50 nanoseconds and a maximum of 150 nano-

seconds. The negative going edge of this signal must be used for
reference. This pulse is active low (OV, .4V).

WRITE CHECK (WCE)

A '0' on this line indicates that one or more of the following
conditions exist:

- Write current without a true write gaxe line
- Write and select on both heads

- Brase current without a true erase gate line
- Erase gate line true without erase current

- Significant voltage drop

All external commands are suppressed. This line is reset by either

adjusting the voltage or by turning the LOAD/RUN switch/ to LOAD and back
to RUN.
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DIl (uarp Disk)

= PIN ASS/GNMENT —

SIENAL NAME PN NO. || SIGNAL MAME PIN NO.
SEL O 43, FRN 43,
SEL | 44, RTS 38,
SEL 2 #5, ADDR Rlk 47>
SDP 3/, LAT #4,
ULH 27, SIe 37,
TAD (MSB) 39, SPP 29,
7z 232 57 (msB) 45,
TRE 48 2!

Ze ! 52 33,
THE 47, =
At 53 35,
¥ 49 =
775 47, 24 %
THE 40, S5 (@s5B) 34,
777 |\ 46, FEAD TIOCTK 28,
758 (255) 42 FEZD DA7A 30,
Lbso 362 WEoE 32,
RST 37,
WRITE GATE 39,
TRASE GATE 40,
WRITE BR7A 27,
READ GATE 31,
+5V (FIR TERMINATOR)| 48, £ 49,

LTO LISk DRIVE

ANOTE

FPINS /| TROUGH 25 0©OF Bo7H (CONMECTORS

Z—- FROM DISK DRIVE

(71 & J2) ARE COMMNECTED 72 2 Ov.
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- SIGNAL DESCRIPTION -
(FLOPPY DISK) A
- LINES TO THE DISK DRIVE -

FLOPPY DISK SELECT (FDS)

This signal active low (0OV, .4V) selects the floppy disk drive -
for access to the Device Level Interface port and all signals to and -
from the interface apply to this drive.

DIRECTION SELECT (DDS)

This interface signal defines the direction of motion of the R/W
head when the Sﬁep line is pulsed. A logical one level defines the
direction as out and if a pulse is applied to the Step line the R/W
head will move away from the center of the a.sk. Conversely, if this
input is a logical zero level is applied the direction of motion is
defined as in and if a pulse i§ applied to the Step .line the R/W head
will move towards the center of the disk.

STEP (STP)

This interface line is a control signal which causes the R/W head
to move with the direction of motion defined by the Direction Select
line. The access motion is initiated on each logical zero to logical

one transition of this signal. i .
HEAD LOAD (HPS)

This interface line performs two functions. One function is to
remove the 24 volts from the stepper motor which will allow the motor
. to run cooler. This means that in order to step, the Head Load line
must be a logical O level. It also is a control signal to an actuator
that allows the disk to be moved into contact with the R/W head before

a Read/Write opecration. A logical one deactivates the head load actuator

and causes a bail to 1lift the pressure pad from the disk, which removes
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the load from the disk and R/W head. A logical zero level on this signal
' activates the head load actuator and allows the pressure pad to bring
the disk into contact with the R/W head with the proper contact pressure.

FILE INOPERABLE RESET (FIR)

This interface line provides a direct reset on the File Inoperable
latch. The inactive level for this signal is a logical one. The File

. Inoperable condition is reset with a logical zero level applied to this
line.

NOTE:
Under no circumstances :hould the drive be
operated with this signal at a constant logical

zero level since all data safety circuitry will
be defeated.

WRITE GATE (WRITE GATE)

Write Gate is an interface line which controls the writing of data
on the disk. A logical one level on‘this 1nterfaée line turns Sff the
current source to the write drivers along with the current sinks for
the write current. A logical zero level on this line enables the write

current source and current sinks, and disables the stepping circuitry.

. WRITE DATA (WRITE DATA)

This interface line provides the data to be written on the disk
and each transition from the logical one level to logical zero level

causes the current through the R/W head to be réversed. Input impedance
for Write Data = 100Q.

—— J0ES  FRoM THE NSl DBRWE —

INDEX (INDEX)

‘ ; This interface signal 1s provided by the disk drive once each
revolution (166.67 ms) to indicate the beginning of the track. Normally,




this signal is a logical one level and makes the transition to the

logical zero level for a period of .4 ms once each revolution.

)

TRACK 00 (LT2)

The Track 00 interface signal indicates when the R/W head is
positioned at track zero (the outer most data track) and the access - -
circuitry is driving current through phase one of the stepping motor
(Head Load signal true). This signal is at a logical one level when )

the R/W head is not at track zero and is at a logical zero level when
the R/W head is at track zero.

FILE INOPERABLE (WCE)

File Inoperable is the output of the data safety circuitry and is

at a logical zero level when a condition which jeopardizes data integrity
has occurred.

File Inoperable = (Write Gate Write I Sense)
+(Write Gate Write I Sense)
+(Write Gate Head Load)
+(Write Gate Write Data)
+(Write Gate BZEETEEEEEE)

SECTOR (SECTOR)

This interface signal is provided by the disk drive 32 times each
revolution. Normally, this signal is a logical one level and makes the
transition to the logical zero level for a period of .4 ms 32 times

each revolution (32 sectors).
WRITE PROTECT (WPT)

This interface signal is provided by the disk drive to allow the

user an indication when a write protected diskette is installed. The

signal is a logical one level when the diskette is not protected &nd a
logical zero when it is protected. '
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SEPARATED DATA (READ DATA)

Separated Data is the interface line over which read data is sent
to the using system. The frequency modulated signal written on the
disk is demodulated by the drive electronics and the data pulses are
sent to the using system over this interface line. Normally, this
signal is a logical one level and each data bit recorded on the disk

causes a transition to the logical zero level for 200 ns.
SEPARATED CLOCK (READ CLOCK)

The Separated Clock interface line provides the using system the
clock bits recorded on the disk in frequency modulati~n recording. The
levels and timing are identical to the Separated Data line except that
a separated clock pulse occurs each 4us, instead of in multiples of
4us,

READY (FRN)

This interface signal is provided to indicate to the user that a
diskette is installed properly, the door is closed, and that two index
or sector pulses have been detected (diskette is turning). This signal

is at a logical one level when not ready and is at a logical zero level

when ready.
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DLIT rzorpr p/sk)

- FIN ASSIGNMENT-

S/GMNAL MAME. PN No. || s/enval nearie FPIN NO.

FDE 23 INDEX /)5

2DS 5 LTZ 25 )

STP 3 WCE 29

HPS 2/ SECTOR /9

IR / WpPT /7 '
WRITE GATE 7 RERD DATA 13
WPRITE DATA S READ CILOCK //

FRN 27

L 7O DISK DR/IVE

NOTE:

EVEN FINS 2 THROUGBH 26 RFRRE CONNECTED

70 X ov.
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1.5
- OPERATIONAL SPECIFICATION -

This section contains the operational specifications for the three
10 Megabyte Hard Disks and the 3.1 Megabit Floppy Disk controlled by the

Device Adapter.
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1.5
- HARD DISK - 100 MEGABIT (10 MEGABYTE ->

GENERAL DESCRIPTION:

* The Diablo Series 40 Disk Drive Model 44 is presently being used.

It uses both a fixed disk and a removable top loading disk cartridge,

for a capacity of 100 megabits of data at a recording density of 2200

Bits Per Inch (BPI) and an average access time of 38 milliseconds.

Each disk has an upper and lower surface of 408 tracks each with a »
lateral track density of 200 Tracks Per Inch (TPI), giving the disk

408 cylinders of 4 tracks each. There are 24 sectors per track yielding

a total of 39,168 sectors, with 256 (8-bit) bytes of usable data per

sector.

NOTE:
Hard Disk is the general terminology given to
a disk system where the Read/VWrite head(s) do
not make physical contact with the recording
media. This recording media is of a close
tolerance unflexable material.

*See Diablo Systems Incorporated, Series 40 Disk Drive Maintenance

Manual. ('Diablo' is a trademark of Diablo Systems Incorporated.)
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DISK FORMAT

Each track on the disk is divided into 24 sectors of equal length.
Each full track rotation is approximately 25 milliseconds for the 2400
RPM drive. The following diagram illustrates the details of the track
sector,

PREAMBLE | SYNC 1 | HEADLR | GAP | SYNC 2 | DATA FIELD | CRC | POSTAMBE

Preamble - This field is created during a format operation. It starts
at the leading edge of the sector wmark and consists of 20 bytes: the
first nineteen bytes are 0 (all clock bits), the first 6 bits of the
twentieth byte are 0, the last two bits are 'll'. This field is used
to switch the head to read the sync 1 character during write, read,
and read/verify operations.

Sync 1 - This field is contained in the preamble. It consists of three
bits (011). The interface detects a ULl and prepares Lo read the headcr,

Header - This section contains information identifying the sector as
cylinder, head, disk, and actual sector address. It is created as a
result of the format command. It is read and compared with MDR for
write, read, and read/verify operations.

The following diagram describes the 16 bits of the header:

TL T2 T3 T4 T5 T6 T7 T8 TO D H SO S1 S2 S3 S&4
0 MDRH 7/0 MDRL 7

(MEMORY DATA REGISTER)

where Tl to T8 = Low 8 order bits of cylinder address
TO = High order bit of cylinder address
D = Disk = 0 - Fixed disk
= 1 - Removable disk
H=Head = 0 - Bottom head
= 1 - Top head

SO to S4 = Sector Address
31




For the seek command, bits 9 and 10 are used to select the platter ~

(fixed/removable) and the surface (top/bottom) respectively.

Gap - The gap is composed of all clock bits but for the last two bits
which are '11'. This field serves as a preamble to the data field.
The gap 1s used for header comparison time and to allow for switching

of the heads in the case of a write command.
Sync 2 - The sync 2 character is the last three bits of the gan (01ll).
These bits are created during a write operation. For read and read/verify »

operations, these bits designate the start of the data field.

Data Field - This field contains 256 bytes of data.

CRC - (Cyclic Redundancy Check) - This check is a 2-byte character
created from the sync 2 character and the 256 bytes of the data field.

Pcstamble - Thic ccetion ic compoced of 2ll cleock bite.

DISK SECTOR FORMAT

FIELD 2400 RPM APPROXIMATE BYTES
Preamble & 64 usec 20
Sync 1
Header 6.4 usec - 2
Gap And 32 usec 10 .
Sync 2 )
Data Field 819.2 usec 256 .
CRC 6.4 usec 2
Postamble 113.66 usec 35.5
TOTAL 1041.66 usec 325.5
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The Preamble and Postamble are necessary to absorb system tol-
‘ erances.,

DISK SELECTION:

. The hard disk gains access to the communication lines whenever

the pointer register equais (00, 01, 10).
CDLI - CONTROL DEVICE LEVEL INTERFACE

Upon detection of this instruction, the MP sets the INPUT bit=0,
alerts the DAI and allows the control operand. MDR (16 bits) and the
pointer register (2 bits) are also allowed to the DAI. The *INPUT
status bit is set to 'l' by the DAI in response. The status register
must not be used as a B-bus operand when waiting for the DAI response
(INPUT bit).

. FORMAT:
0 5 15
CDLI 01 01 0 € CCTCTCTCTCTCTCTCSOC

\ |

| CONTROL OPERAND
OPERATION CODE

*The input bit signals the completion of an assigned task by the Device

. Adapter,
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The table below lists the 9 commands as specified by the control
operand.

BIT OPERATION
8, 9 = 01 - Give Disk Status
= 10 - Give Operation Status
= 11 - Give Sector
10 = ] - Seek
11 = ] - Surface QOperation .
12, 13 = (00 - Format
= (01 - Write
= 10 - Read
= 11 - waite /Verify
15 = ] - Restore

GIVE DISK STATUS (CDLI 040)

Upon detection of this command the interface strobes 5 bits of

status reflecting the state of the disk into BITS MDL3-MDL7. BITS
MDLO-MDL2 are made 1. The status bits should be in MDRL by the start
of the next instruction cycle.

MDRL Bit Condition

MDL3 = O - Address interlock

MDL4 = 0 - File ready Lt
MDL5 = 0 - Ready to seek/read/write

MDL6 = O - Seek incomplete -
MDL7 = 0 - Write check

" Address Interlock - This bit is set to 0 if the seek commaud cannot
be executed due to a track address greater than the number of tracks
available. This bit remains 0 until a restore command or a seek command

to a valid address has been accepted.
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File Ready - This bit is set to 0 if all of the following conditions

are met:

(a) Power on.

(b) Dust cover loaded.

(c) Equipment drawer closed.

(d) LOAD/RUN switch in RUN position.
(e) Start-up cycle complete.

(£) Write check: {fuor RETIVE(HIGH).

Ready to Seek/Read/Write - This bit 1s set to 0 if the disk is not

in the process of executing a restore command or a seek command to an
address other than the one under the heads and if the File Ready bit
is 0., The seek incomplete bit has no bearing on this bit.

Seek Incomplete - This bit is set to 0 if a malfunction keeps the seek
operation from completing. This bit remains 0 until a restore command
has been completed by the disk.

Write Check - This bit is set to 0 if a malfunction occurs which may not

be corrected by the microprocessor.
GIVE OPERATION STATUS (CDLI 080)

Upon detection of this command, the interface strobes 8 bits of
status reflecting the result of a read, write, .eMid¢/verify, or format
operations into BITS MDLO-MDL7. The status bits should be in MDRL by

the start of the next instruction cycle.

|

MDRL Bit Condition

MDLO = 1 - File not ready )
MDLL = 1 - Parity Error

MDL2 = 1 - Illegal address

MDL3 = 1 - Data compare error
MDL4 = 1 - Header compare error
MDLS = 1 - CRC error

MDL6 = 1 - Overrun

MDL7? = 1 - Mixed error
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File Not Ready - This bit is set to 1 if the disk presents a file not
ready condition (write check, etc.).

Parity Error - This bit is set to 1 whenever the interface is in a

direct memory access operation and the memory controller reports a

parity error.

Illegal Address - This bit is set to 1 whenever the Interface is in a
direct memory access operation and the memory controller reports an

illegal address.

Data Compare Error - This bit is set to 1 if during a read/verify

operation the data does not compare equal.

Header Compare Error - This bit is set to 1 whenever the interface
finds that the header bytes in MDR are not the same as the header bytes

in the cector.

CRC EBrror - ‘This bit is set to 1 whenever the interface finds that the
computed CRC is not: the same as the CRC written on the disk.

Overrun - This bit is set to 1 if the interface is ready for a memory

operation and the last memory operation has not completed.

Mixed Error - This bit is set to 1 if any of the following conditions

occur during an operation:

(a) The interface cannot detect the sync 2 character.
(b) There is still data to be read or written on the dirk
and a sector mark has been detected.

(c¢) No sector mark detected after a sector's time.
Operation status must be requesced after every surface operation.

The microprogram should time the duration of the surface operation since

a condition may arise which keeps the input bit from being set.
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GIVE SECTOR (CDLI 0CO)

* The complemented value of the sector address lines is strobed into
BITS MDL3-MDL7. If the sector is not valid (a sector mark pulse is present),
BIT MDL2 is made 0. BITS MDLO and MDLl1 are forced to 1.

N SEEK (CDLI 020)

The low order 8 bits of track address are in BITS MDHO-MDH7,
the high order track address bit is in BIT MDLO. The interface gates
.the 9 track address bits to the disk address lines and issues a strobe.
If the address is invalid, the address interlock bit will reflect this
condition. If the address interlock bit is zero and the disk accepts
the command, the address interlock bit is set to 1.

If the command is accepted and the track address is valid, the

heads arc placed ar the selected track.

' If the disk is deselected, the platter select; and surface select
revert to the default values (fixed platter, bottom surface). Because
of this, it is necessary to issue a seek command to select the platter
and surface prior to a surface operation. After platter and surface
selection, a six microsecond delay must be introduced prior to requesting
the selected sector counter. Also a 25 microsecond delay must be intro-

duced from the time of seek to the time of a surrace operation.

For the above four commands, the interface does not set the input

bit to 1.

FORMAT (CDLI 010)

Upon receipt of this command, the interface awaits the leading edge

of the sector mark pulse. Once it has sensed it, the format operation

. *The sector address is active low (0V, .4V). MDL3 is the most significant

bit of the sector address.
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starts. The interface creates the preamble, writes the sync 1 character
and writes the header (from MDR-16 bits). The input bit is set to 1
immediately after the header is written.

WRITE (CDLI 014)

Upon receipt of this command, the interface awaits the leading edge
of the sector mark pulse. Once 1t has sensed it, the write operation
starts. The interface detects the sync 1 character and prepares to read
the header. The read header is compared with the header in MDR (16-bits);
if the headers do not match, & status bit is set in the operation status N

and no data transfer takes place. The input bit is set to 1, and the
operation is terminated.

If the headers match, the interface writes the gap and the sync 2
character designating the start of the data field. The MAR contains
the memory address from which the data is to be transferred. The inter-
face reads two bytes at the tiwme from memory, increments the memory
address by 2, writes the two bytes on the disk and computes the CRC. .

\

A total of 256 data bytes are transferred from memory, the two CRC
bvtes are written, the interface sets the input bit to 1, and creates
the postamble.

READ (CDLI 018)

Upon receipt of this command, the interface awaits the leading edge
of the sector mark pulse. Once it has sensed it, the read operation
starts. The interface detects the sync 1 character and prepares to read
the header. The read header is compared with the header in MDR (16-bits);
if the headers do not match, a status bit is set in the operation status -
and no data transfer takes place. The input bit is set to 1, and the

operation is terminated. !

If the headers match, the interface detects the gap and the sync
2 character and prepares to read the data. The MAR contains the memory

address at which the data is to be transferred. The interface reads two
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bytes at the time from the disk, computes the CRC, writes the two bytes
into memory and increments the memory address by 2. A total of 256 data
. bytes are transferred to memory. The computed CRC is compared with the
CRC read from the disk; if they do not match, the appropriate bit in the
operation status reflect the condition. The interface sets the input

bit to 1 indicating operation completion.

The CRC is written and checked by the device adapter. The MP never

participates in this activity, however, the MP is notified if a CRC error
has occurred.

wi7e /YVERIFY (CDLI 016)

Upon receipt of this command, the interface awaits the leading edge
of the sector mark pulse. Once it has sensed it, the operation starts.
The interface detects the sync 1 character and prepares to read the
header. The read header is compared with the header in MDR (16-bits);
if the headers do not match, a status bit is set in the operation status
and no data cowpdrisu Lakes place., The input bit 1s set to 1, and the
‘ operation is terminated. '

If the headers match, the interface detects the gap and the sync 2
character and prepares to read the data from the disk. The MAR contains
the memory address from which the data is to be read. The interface
reads 2 bytes from the disk and two bytes from memory at a time, compares
them and 1f they dc not match, the data compare error bit in the status

5 register is set to 1. The CRC character is computed. This is done for
all of the 256 bytes in the disk. The computed CRC is compared with the
CRC read from the disk; if it does not match, the appropriate bit in the
operation status reflects the condition. The interface sets the input

bit to 1 indicating operation completion.

If there is a sector mark pulse at the time one of the above four
commands 1is issued, the initerface sets the input bit to 1 before the

next instruction cycle and terminates the operation.




RESTORE (CDLI 001)

This command causés the heads to be positioned over track 0; once

there, the seek incomplete indication is reset.

The input bit is not set to 1 by the interface as a response to

this command.
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8300 HARD VISK TIMING
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TO = LEADING EDGE OF SECTOR MARK, SWITCH HEADS DURING A FORMAT SEQUENCE
Tl e« STARTING POINT DURING A READ/WRITE/READ VERIFY, LOOKING FOR SYNC CHARACTER
011(40uS+20usS)
T2 = WRITE SYNC CHARACTER FOR HEADER (20 BYTES) (64uS)
T3 = LAST BIT OF TIHE TWO BYTE HEADER (22 BYTES) (70.4uS) (CTR=176 FORMAT)
(CTR=16 READ/WRITE/READ VERIFY)
T4 = REFERENCE POINT FOR READ/WRITE/READ VERIFY SEQUENCE, COUNTER NOW LOADED TO 96
TS5 = SWITCH HEADS DURING A WRITE SEQUENCE (6 BYTES) (19,2uS) (CTR=144)
T6 = STARTING POINT DURING A READ-OR A-READ VERIFY, LOOKING FOR SYNC CHARACTER
011(8 BYTES) (25.6uS) (CTR=160)
T7 = FINISH WRITING DATA SYNC CHARACTER DURING A WRITE SEQUENCE (10 BYTES) (32uS) (CTR=176)
T8 = END OF WRITE FOR SYNC TWO AND DATA FIELD (266 BYTES) (851,2uS) (CTR«2224)
T9 = END OF CRC (268 BYTES( (857.6uS) (CTR=2240)

T10 = END OF POSTAMBLE (303 BYTES) (969.6uS) (POSTAMBLE=i12uS)



- FLOPPY (315 KILOBYTE) -

GENERAL DESCRIPTION:

The Shugart Floppy *Model 901 consists of one diskette, one read/ .
write head which makes contact with the diskette's surface during step g
and surface operations, one PCB which provides some elementary functioms, .
and other controlling and controlled mechanisms. Most of the electronics
necessary to control the floppy are also used to control the hard disks.
There are a few components which are dedicated to the control of the floppy.
One 1s the sector counter which is set to 0 by the leading edge of the
index mark and incremented by 1 every time two sector marks have been
sensed. Another is the timer which is a /2.6 ms (+10%) one shot that is
controlled by a CDLI instruction and monitored through ome bit obtained
in MDRL after execution of the Give Disk Status CDLI instruction. The
timer is used to fulfill three functions: to time the duration of step,
to time the head settling time once at the desired track, and to measure
the 50 ms interval that must bg introduced between head load and valid

data. Those components used to control the hard disk are modified (clock

frequency changed, counters preset, etc.) to control the floppy.

NOTE :
Floppy Disk is the general terminology given
to a disk system where the Read/Write head(s) -

makes physical contact with a flexible re-
cording media.

- *See Shugart Associates Diskette Storage Drive Manual SA900/901

.(Wang Laboratories Service Bulletin No. 46.2 starting on page 10).
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DRIVE CHARACTERISTICS

Rotational Speed: 360 RPM
Rotational Period: 166,72 ms
Average Access Time: 424 ms

Average Latency: 83 ms

Data Transfer Rate: 31250 bytes/sec.
Bit Cell Time: 4 usec

Track to Track Access Time: 11 ms

Head Settling Time Once at Desired Track: 11 ms

One Sector's Time: 5.21 ms

Number of Sectors Per Track: 32

Number of Tracks: 77

Sector Mark Duration: 400 usec + 200 usec
Index Mark Duration: 400 usec + 200 usec
Direction Select Pulse Duration: 1 ysec min,

Time Between Head Load and Valid Data: 50 ms
Time Between Head Load and Step: 30 ms

DISK FORMAT

Each track on the disk is divided into 32 sectors of equal length.
The present specifications require a sector to be 256 data bytes long.
In order to allow for this, two sectors must be used, so in effect,
each track is divided into 16 sectors each last?ug 10.42 ms. The

following diagram illustrates the sector organizatiom.

PREAMBLE | SYNC 1 | HEADER | GAP | SYNC 2 j DATA FIELD | CRC | POSTAMPLE

Preamble - This field is created during a format operation. It starté
at the leading edge of the sector marR and consists of 20 bytes: the
first nineteen bytes are 0 (all clock bits), the first 6 bits of the
twentieth byte are 0, the last two bits are 'll'. This field is used

to switch the head to read the sync 1 character during write, read, and

read/verify operations.




Sync 1 - This field is contained in the last byte of the preamble. It ‘
consists of three bits (011). The interface detects a 011 and prepares
to read the header.

Header - This section contains information identifying the sector as
cylinder, head, disk, and actual sector address. It is created as a

result of the format command. It is read and compared with MDR (16-bit)
for write, read, and read/verify operations.

The following diagram describes the 16 bits of the header:

Header
First Byte Second Byte
0 MDRH 7 0 MDRL 7
0O 64 32 16 8 4 2 1 o 0 0 o 8 4 2 1
Track Address Sector Address

Valid Binary Values: Valid Binary Values:

0000 0000 through - 0000 0000 through

0100 1100 = 77 Tracks 0000 1111 = 16 Sectors

Gap - The gap is composed of all clock bits but for the last two bits
which are 'l1'. This field serves as a preamble to the data field.
The gap is used for header comparison time and to allow for switching

of the heads in the case of a write command.
Sync 2 - The sync 2 character is the last 3 bits of the gap (01l1).
These bits are created during a write operaztion. For read and read/

verify operations, these bits desi;nate the start of the data field.

Data Field - This field contains 256 bytes of data.
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CRC - (Cyclic Redundancy Check) - This check is a 2-byte character
. created from the sync 2 character and the 256 bytes of the data field.

Postamble - This section is composed of all clock bits.

The preamble and postamble are necessary to absorb system

) tolerances.
; DISKETTE SECTOR FORMAT
FIELD LENGTH APPROXIMATE BYTES
Preamble & Sync 1 640 usec 20
. Header 64 usec 2
Gap & Sync 2 640 usec - 20
Data Field 8192 usec 256
CRC 64 usec 2
Postamble 820 usec 25
@ TOTAL 10420 ysec 325

DISK SELECTION:

The floppy disk gains access to the communication lines whenever

the pointer register is 11. It is undesirable tc have the select/deselect
- function become the head load/unload function. The disk select sole
function is to qualify the communication lines for floppy operations.

CDLI - CONTROL DEVICE LEVEL INTERFACE
Upon detection of this instruction, the MP sets the INPUT bit=0, '

alerts the DAI and allows the control operand. MDR (16 bits) and the
pointer register (2 bits) are gdso allowed to the DAI. The *INPUT

. *The input Lit signals the completion of an assigned task by the Device

Adapter.




status bit 1s set to 'l' by the DAI in response. The status register

must not be used as a B-bus operand when waiting for the DAI response

(INPUT bit).
FORMAT: )
0 5 15
CDLI 01 01 0cCCCC¢CTCTCTCTCTCSC ‘

l

CONTROL OPERAND

= OPERATION CODE

The table.below lists the 12 commands as specified by the control

operand.

BIT OPERATION J

5,6, 7 = 001 - Step

= 111 - Head Control
= (011 - Direction Select
= 100 - Start Timer
= 101 - File Inoperable Reset

8, 9 = (01 - Give Disk Status
= 10 - Give Operation Status )
= 11 - Give Sector

11 = 1 - Surface Operation )
12, 13 = 00 - Format

= 0l - Write
= 10 - Read
= 11 - wMite/Verify
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' GIVE DISK STATUS (CDLI 040)

Upon detection of this command, the interface strobes 5 bits of
status reflecting the state of the disk into MDRL. The status should
be in MDRL by the start of the next instruction cycle.

MDRL Bit Condition

MDLO = O - Track 0

MDLL = O - Write Protect
MDL2 - Undefined

MDL3 =~ Undefined

MDL4 = O - File Ready

MDL5 = 0.~ Timer Not Active
MDL6 =~ Undefined

MDL? = O - File Inoperable

Track 0 - This bit is O whenever the head is positioned at the outermost
} . data track (away from disk registration hub).
\
|
\
|

Write Protect - This bit is O whenever the diskette is write protected.
It is a microprogram responsibility to reject any write commands to a
diskette that is write protected.

File Ready - This bit is 0 when all of the following conditions are

‘ met:

(a) Power on.
(b) Diskette properly loaded.
(¢) Door closed.

(d) Diskette is turning (two sector marks sensed).

The ready indication is provided when two sector marks (or an index

mark and a sector mark) are sensed, not necessarily when the drive is up

‘ to speed For this reason the program introduces a two second delay at
initialize time.




Timer Not Active - This bit goes to 1 as soon as the Start Timer command

is issued; it goes to 0 once 12.6 ms (+ 10%) have elapsed from the time
the Start Timer command was received.

File Inoperable - This bit is set to O whenever the head is improperly
energized. When this bit is 0, no surface operations should take place
since the data integrity circuitry is not at its optimum. A File In-

operable Reset command must be issued to reset this indicator.
GIVE OPERATION STATUS (CDLI 080)

This command produces the result described in the hard disk spec-

ification and must be used as specified there.
GIVE SECTOR (CDLI 0CO)

* This command works as épecified in the hard disk specification.

Bit MDL3 always receives a 1.

Sur$%ce Commands - Format (CDLI 010), Write (CDLI 014), Read (CDLI 018),
R\

/Verify (CDLI 01C). These commands work as specified in the hard
disk specification.

STEP (CDLI 100)

This command causes the interface to pulse the step line which in -
turn causes the floppy to move the head one track in the direction pre-
viously selected. For this command to work properly, the head must
have been loaded for at least 30 ms. The interface does not require
program attention during the time (11 ms) that it takes the step to
complete, that is, the floppy may be deselected.

Al

*The floppy has only 4 sector address lines (MDL4 bccomes the most

significant bit).
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HEAD CONTROL (CDLI 700)

Through this command, the head may be lcaded and unloaded., Once
the head is loaded, the microprogram must introduce a 50 ms delay
before valid data is expected, that is, before a Surface operation
is started. Also, the microprogram m st delay at least 30 ms from

the time the head is loaded to the time of the first step. This delay
is part of the 50 ms delay,

Bit MDL4 of MDRL is used to specify load or unload.

MDL4 = 0 - Head Unload.
MDL4 = | - Head Load.

The other bits in MDRL may be set to any value while issuing this
command.

DIRECTION SELECT (CDLI 300)

This command is used to select the direction in which the hes ' is
to move during the Step command. The direction selected is stored in
the interface so it is pot necessary to select it every time a stop 1is

to be done. The direction is selected through'bit MDL4 of MDRL.

MDL4 = 0 - Direction Out (towards track 0).
MDié = 1 - Direction In (towards track 76).

The other bits in MDRL may be set to any value. The following
sequence 1is acceptable:

Load MDRL with Direction Bi:
Direction Select

Step

Start Timer

The diiection may be selected any time after initialize.
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START TTMER (CDLI 400)

Upon receipt of this command, the interface will fire the /3.4 ms
(+ 10%) one shot and set the Timer Not Active bit to 1. Once the /3:0
ms have elapsed, the Timer Not Active bit is set to 0. This is the
only command that may be issued independent of the selected device,
that is, the pointer register may contain any value and the command -
will be écknowledged. However, to monitor the timer (through the
Give Disk Status CDLI instruction) the pointer register must contain

a '11'. The timer may be started and monitored even if there is no

disk connected in the interface port.

FILE INOPERABLE RESET (CDLI 500)

This command will cause the File Inoperable bit to be reset without
clearing the condition which caused it to be set. This command is necessary

because if the condition clears, the File Inoperable bit will not be auto-
matically set to 1.
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8300 FLOPPY DISK TIMING

SECTOR | n | S

NARK |
I
|
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20 BYTES ! zlnasl 20 BYTES 256 BYTES zlvnsl -
)
—— e e - gs_.
M-
e T3 ——| <— Tg
| 73 —— Te
e —— Ty ——
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nd _Tg —
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TO = LEADING EDGE OF THE SECTOR MARK, SWITCH HEADS DURING A FORMAT SEQUENCE

Tl = STARTING POINT DURING A READ/WRITE/READ VERIFY, LOOKING FOR SYNC CHARACTER 011
(400uS+200us)

T2 = WRITE SYNC CHARACTER FOR HEADER (20 BYTES) (640uS)

T3 = LAST BIT OF THE TWO BYTE HEADER (22 BYTES) (704uS) (CTR=176 FORMAT) (CTR=16

. READY/WRITE/READ VERIFY) '

T4 = REFERENCE POINT FOR READ/WRITE/READ VERIFY SEQUENCES .

TS = SWITCH HEADS DURING A WRITE SEQUENCE (16 BYTES) (512uS) (CTR-144)

T6 = STARTING POINT DURING A READ-OR A~ READ VERIFY, LOOKING FOR SYNC CHARACTER 011
(18 BYTES) (576uS) (CTR=160)

T7 = FINISH WRITING DATA SYNC CHARACTER DURING A “PITE SEQUENCE (20 BYTES) (540uS)
(CTR=176)

T8 = END OF WRITE FOR SYNC TWO AND DATA FIELD (276 RYTES) (8832uS) (CTR=2224)

T9 = END OF CRC (278 BYTES) (8896uS) (CTR=2240 WRITE) (2224 READ)

T19= END OF POSTAMBLE (303 BYTES) (9696uS) (POSTAMBLE=800uS)

*AL. i..ES SHOWN ARE NOMINAL




2.0 \
- HARDWARE OPERATION -

The hardware operation is broken down into major elements of
operation - i.e., each element described has, for the most part, an
independent circuit operation and provides a distinct operational

function.
These major element descriptions are limited to the immediate -
circuit operation. The relationship of these elements to each other

are described in the Instruction Operation Section - 3.0.

The following elements are described:

ELEMENT SECTION
. Wrice Clock 2.1
. Disk Control 2,2
. Bit Serialization Register (BSR) 2.3
. Bit Counter 2.4
. Sector Counter : : 2.5
. Direct Memory Access (DMA) 2.6
. Cyclic Redundancy Check (CRC) 2.7
. . Operational Status Error Flags
& Operation Termination 2,8
. Floppy Disk Timer 2.9 -

. Terminator Voltage & Protect Circuit 2.10




2.1
- WRITE CLOCK -

The Write Clock circuit is used to provide all the necessary timing
relationships required to write data on the disk drive media - i.e., to
generate 'bit-cells' which will contain the data bit, and, to place the
data bit within that 'bit-cell', Two clock components are generated to
satisfy this 'bit-cell' arrangement. They are 'A-clocks' (ACK & ACK),
and 'B-clocks' (BCK & BCK). The 'A~-clocks' are used to form the 'bit-cell'

and the 'B-clocks' are used to place the data bit in the center of the
'bit“cell' »

Both the hard disk and the floppy disk have this 'bit-cell' arrange-
ment, however, the rotational speed and density of the hard and floppy
disks are different. Therefore, the 'bit-cells' and the actual 'A-clocks'
and 'B-clocks' are of different duration for each. The write clock

network automatically supplies the correct timing for the selected disk
drive.

The following schematics, description, and timing diagrams depict
the Write Clock operation:
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CIRCUIT OPERATION

The Write Clock network can be broken into two areas. The generation
of the Increment Write Clock (IWC), used to step the write counter and
to provide the actual pulse width of the 'A-clocks' (ACK & ACK) and the
'B-clocks' (BCK & BCK), and the generation of the 'bit-cell' duration
and 'data-bit' placement within the 'bit-cell',

INCREMENT WRITE CLOCK (IWC)

A 10 MHz crystal oscillator is the base.for all write clock cir-
cuitry. The buffered oscillator output (L10-6) is felt at the input
of IWC multiplexer (L33-2), and is paésed through when the clock speed
flop (L22-5) is selected to the hard disk timing (fast, L22-5 = '1'),
The speed select flop is set via term FDS at a logic 'l' level (£loppy
disk not selected) and clocked via L10-12 (Write ETR:TE) on the low to
high transition. The write counter is a8 free running counter clocked
by the term IWC (Increment Write Clock). It should be noted that IWC
is always active at one of its two speeds.

The output of the IWC multiplexer reflects the inversion of the
buffered oscillator (L10-6). This signal has a 100 ns period with a
50% duty cycle. The buffered oscillator output is also felt on the
clock input of flop L22-9. The 'Q' output of flop L22-9 (L22-8) is
tied to the 'D' input of that flop forming a divide by two counter.

When the speed select flop is set to floppy disk timing (L22-5=logic '0') .
the buffered oscillator output felt on L33-2 is blocked and the divide

by two counter felt on L33-5 is gated through the IWC multiplexer via
L22-6 felt on L33-4. The output of the IWC multiplexer (L33-6) reflects
the inversion of the divide by two flop (L22-9). This signal has a 200

ns period with a 50% duty cycle.

When changing IWC speed there is no chance for a spike to occur on
the IWC term - i.e., both L33-2 and L33-5 are at the logic '0' level
(disabling the IWC multiplexer) when the clock speed select flop is
clocked.
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Please refer to the following timing diagram for further explan-

N

ation.

'BIT-CELL' GENERATION

The base for 'bit-éell' generation is the free running write
counter (L21). This counter is a programmable synchronous four bit
binary counter (74LS161). It increments on the low to high transition
of the clock. This counter has a synchronous load - i.e., the pro-
grammable inputs A, B, C and D are loaded into the counter on the «
low to high transition of the clock if the load enable is active
(Pin 9 = '0').

By varying the programmable inputs and loading the counter each
time it steps out of binary 15, a method of controlling the period of
the 'Counter=15' signal (Pin 15) becomes possible - i.e., a value of
binary 14 is loaded into the counter (L21) when the counter steps out
of binary 15 via programmable inputs A='0Q', B='l', C='l', D="1' ('D’
input to counter is from clock speed select flop L22-5='1l' - hard disk)

and load enable active (L21-9). You will notice tlic load enable signal
is the inverse of Counter=15 term (L21-15). This causes a signal pulse
of 100 ns with a period of 200 ns present at L21-15 (Counter=l5).

By loading a binary value of 6 into the counter via programnmable
inputs A=0, B=1, C=1 and D=0 ('D' input to counter is from clock speed
select flop L22-5=0 - floppy disk), the counter must increment nine
times to reach binary 15 and once again to load for the next cycle.
This results in ten IWC periods of 200 ns each giving a period of 2 us
and a pulse width of 200 ns for the Counter=1l5 signal present on (L21-15). -

The clock speed select flop (L22-5) not only changes the load count
into the write counter, but changes the frequency of IWC as explained
above. This accounts for the 200 ns pulse width of the Counter=15 signal
and accounts for some of the grecatly increased period of the Counter=15

signal.
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It is the Counter=15 signal and the clock type select flop (L11-5)

that generates the 'A-clocks' and 'B-clocks' via L45-11 (ACK), L47-3 (KEE);
L45-8 (BCK) and L&44-8 (iEE). The clock type select flop (L11-5) is
switched when the write counter steps out of binary 15. (This is the

same time the write counter is loaded). This arrangement gives alternate
clock pulses ('A-clocks' then 'B-clocks') with a pulse width equal to

the Counter=15 signal (L21-15) pulse width and a period equal to the
period of the Counter=15 signal.

When the clock speed select flop (L22-5) is switched, there will
be one write counter (L21) period with the improper IWC frequency.
However, the clock speed select flop can only be changed at the beginning
of a 'CDLI' command, at which time no operation is in progress. (The
protocol between the MP and Hard/Floppy Disk Device Adapter prohibits

issuing of new commands until the present command is complete.)

Please refer to the following timing diagrams for further ex-

planation. ‘
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2.2
- DISK CONTROL -

Disk Control is handled as part of the instruction operation - {i.e.,
the conditions required by the disk for status, read, write, error re-
covery, are met by that instruction's execution. These disk control
requirements will be described in the Instruction Operation Section -

3.0. However, there are two conditions that have to be met before any
operation can begin:
1. The Device Adapter board has to be selected.
2. A particular disk drive has to be selected (one of four),
Following is a schematic and description.
DISK SELECT

The Device Adapter can have three hard disks and one floppy disk
attached to it. However, only one of these devices can be used at any
given time, The qualifying term for the selected drive (allowing only

that drive access to the Device Adapter via the Device Level Interface)
are the select terms SELO, SEL1l, SEL2 (hard disk select drive #0, 1 or 2)

and the term FDS (Floppy Disk Select). These terms are mutually exclusive

of each other and are statically decoded from the microprocessors Pointer
Register (PTO & PT1l) via decoder L9.

1. Select terms SELO, SELl, SEL2 are for the hard disks and therefore,
the Clock Speed Select Flop in the Write Clock Section - 2.1 is
selected for fast. Term FDS (Floppy Disk Select) forces a Slow
Speed Select.

2, There will always be a disk drive sclected due to the static output
of decoder L9 (it is always enabled).
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DEVICE ADAPTLR SELECT

The Device Adapter is selected to receive a new command at T02

of a CDLI microinstruction from the MP board. The DA Select Flop

(L74-9) is set via [Eﬁif T02] L85-6. The DA Selcct Flop is cleared

at TO6 trailing edge (T07) via a logic '0O' on the 'D' input of DA .
Select Flop (L74-12) and clocked via L84-6 at TO7.

It should be noted that this select is up for only 750 ns (T02
through T06 at 150 ns/subcycle time) and that the commands take con- )
siderably more time to execute. However, the command is latched else-
where and the protocol of the MP/DA prohibits any further command until
either the input bit is set by the device adapter or a predetermined
time-out has expired within the M.P. The method of completion is pre-
determined by the hardware/software design philosophy. The output of
the DA Select Flop is referred to 5 'Allow DA Operation' (ADO & ADO) .
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2.3
- BIT SERIALIZATION REGISTER (BSR) -

The Bit Serialization Register is the primary register within the
Device Adapter. All data being written onto the disk, read from the
disk, data to the MP Memory Data Registers, data from the MP Memory
Data Registers, and status information pass through the BSR.

The following is a schematic and description of the BSR net-
work,

CIRCUIT OPERATION

The Bit Serialization Register consists of four 4-bit parallel
load, parallel out, serial in and serial out shift register devices
(74L5195) at locations L79, L80, L8l and L82.

The BSR has four dual 4-channel multiplexer devices (74LS153) at
locations L68, L69, L70 and L71.

The BSR multiplexer provides four paths for loading the low order

8-bits of the BSR (D8-MSB, D15-LSB). The channel assignments are as
follows:

Channel CO = Sector Counter (2.5/3.3)
Channel C1 = Operational Status (2.8/3.2)
Channel C2 = Disk Status (3.1)

Channel C3 = Memory Data Register Low (From DAI - 1.3)

The BSR multiplexer is steered via L85-11 (MXA) and L85-8 (MXB).
"The BSR multiplexer channel select is enabled via the Device Adapter
Select Flop term ADO (L74-9) present at L85-9&12, and the Control Operand

terms R8 and R9 (ROM terms) perform the actual steering as follows:
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R8 R9  CHANNEL

0 0 C3
0 1 c2
1 0 Cl
1 1 co

The parallel outputs from the BSR (DO-MSB through D15-LSB) pass
to the MP Memory Data Register via the DAI.

DO (MSB) <+ D7 (LSB) = MDRH *
D8 (MSB) ++ D15 (LSB) = MDRL

The serial output DO (L82-12) passes to the disk drive as serial
data. The serial data input 'SDI' (L79-2&3) receives serial data from
the disk drive.

The term 'LSR' (Load Shift Register) parallcl loads the BSR (L79-9,
1L80-9, L81-9, L82-9).

The term 'SSR' (Shift Shift-Register) shifts data out or into the
BSR (L79-10, L80-10, L81-10, L82-10).

1. The term 'SSR' is the clock term to the 74LS195 Shift Register
Device. Serial data is shifted from 'QA' toward 'QD' outp: s on
the low to high transition of the clock term 'SSR' (L79-1C. L80-10,
181-10, L82-10) when the load input is high (term '"LSR').

2. The Shift Register is loaded when the load input (term LS is at
a logic '0' and at the clocks (term 'SSR') low to high trecasition.

The term 'CSR' (Clear Shift Register) clears the shift register
(L79-1, L8O-1, L81-1, L82-1).
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2.4
- BIT COUNTER -

The Bit Counter is used to control the actual 'bit placement'
onto the disk drive media and to retrieve the disk 'serial data' from
the disk drive media.

All data written onto the disk media is placed in the 'data field'
of the disk's sector format - i.e., the data is placed between 'sync 2'
. and 'CRC'.

At this time, review the disk format in the Opcrational Specifi-
cation section (1.5).

The Bit Counter provides the relative position (by binary value)
of each segment of the sector format. The 'bit counter' binary value
is monitored providing the beginning (binary value), the length (binary
value), and the end (binary value) of each format segment - i.e., Pre-
amble, Sync 1, Header, Gap, Sync 2, Data Field, CRC, and Postamble.

The Bit Counter also provides the End of Operation signal (SINPT)
by a predetermined binary value.

The operation termination (binary value) is dependent on the par-
ticular operation being performed - i.e., Format, Write, Read, and Write
Verify.

Obviously the 'Bit Counter' is the primary controlling element

- for all surface operations. The actual controlling binary values will

be described in the Instruction Op~ration section of this manual (3.0).

The following is a general description of the bit counter with the

common controlling gates.

Please refer to the following schematic segment for this description.
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CIRCUIT OPERATION

The 'Bit Counter' consists of three 74LS161 synchronous, binary,
programmable counters (L76, L77, und L78). The Bit Counter has two
modes of operation: writing onte he Aisk wedia and reading from the
disk media. A commou 'Sync Character betected’ Flop allows incrementing .

from the disk via '"KLAD GLOCLS ' .

Wrirting - The Bit Counzor is imcryowmes -+ by [%¥ felt at Bic Counter 4
'Clock' Multinlexer L3%-13. Tris wulti:iere,s is enabled fol Write

mode via term RGA (Read Gate Allow) not aczoive (low) at 1,55--10 eunabling

the multiplexer (L39-1/high). Multiplexer nalf L39-9 is disabled by

term 3CD (Sync Character Detected) not active (low) via Syne Character

Detected Flop L56-5 in the reset conditien (LSG-L/%0w).

The general protocol for writiug data oaic che dusk media requires
that the header first Lie read und verified. Toeveforve, all surface cp-

erations, less the disk Iormat command, must first rcad ihe header from /!

the disk media - i.e., all commands, less format, start as a read from
disk; gated to the 'it¢ counter via 'KEAD CLOCKS' fiow che disk felt at
L39-9. It should be noted that even in the case of a write operation,
the 'Bit Counter' multipiexer (L3%-8) is steered i reud rhe disk via

Sync Character Naterted Flop (71.56-5) felr as a high oo L39-11.  L39-12

B e

is low at this time, term TI5 (Timer In Sync) is not ac:ive (L34-9/1ow).

Reading - The primary increment for the 'Bit Councer' is from the disk's

FREAD CLOCKS ' felt at <re "Bir Goupcer’ muleiplerer U209 via LAS-2.

The term RC2 (Read Gate Allow) is acrive (high), L55-11, disabling

== . _ - _ P P TR IS FEPR R . U
BCR Aneseweniasy of ne TN s vt om0 ki Covnooen ) Lieasy vali

of 160 {1.55~9&L%). Tris walu: {197) is rhe eratt of tiw. data field

and wlil be described ia the Testvececdon Operarzion scecion (3.0).
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SYNC CHARACTLR DETECTED

The 'Sync Character Detected' Flop (L56-5) 1is used for all surface
operations less format. The purpose of this flop is to mark the beginning
of valid data (either hcader or data field). A sync character of (00000011/
binary) is written on the disk medla prior to the header during a format
command. The same sync character is written prior to the data field
during a write command. This 'Sync Character' must be detected before

the appropriate surface operation can begin.
HEADER (SYNC 1)

The 'Sync Character' allows the 'Bit Counter' to be incremented
by the disk's "READ CLOCKS' and thereby read the header for the Read,
Write, and Write Verify commands. After the header is read in, the
'Sync Character Detected' Flop is reset inhibiting any further counter
increments. The reset signal to the 'Sync Character Detected' flop
(L56-5) is derived by the last bit of the header (16 bit header) via
ISS (Inhibit Serialization Shift) flop L67-8. This flop is set at the
seventeenth count of the 'Bit Counter' [L76-15 (CTR=15) ° CTR CLOCK].

1. No further 'Bit Counter' increments are allowed from the disk until
another 'Sync Character' is detected (Sync 2) for Read and Write
Verify commands.

2, Only 'Sync 1' is detected for a Write command. 'Sync 2' is written
prior to the data field during a Write command.

DATA FIELD (SYNC 2)

The 'Sync Character' allows the “Bit Counter' to be incremented by
the disk's 'READ CIOCKS' and thereby read the data field for Read and

Write Verify commands.




The reset is removed from the 'SCD' Flop (L56-5) via the Resymc
Allow Circuit L14-9, L14-5 clocking Read Command Stored Flop L12-9/1low
(L27-2/1low), resetting the 'ISS' Flop (L67-8). .

The 'Sync Character Detected' Flop (L56-5) ispow enabled to detect
the 'Sync 2' character. When the character is dctected, the 'SCD' Flop
(L56-5) will latch-up and allow the disk's read clocks to the Bit Counter.

The 'SCD' Flyp (L56-5) will not be reset until the end of the read

command via SINPT - i.e., 'ISS' Flop (L67-8) is held in reset via term
DOS (Data Order Stored/low).

For further information see the Instruction Operation' section of
this manual (3.0).
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2.5
- SECTOR COUNTER -

The floppy disk drive does not provide tAe interface with a sector
count like the Diablo. Therefore, it becomes necessary to develop a

count from the incoming index and sector pulses.

TheAflgppy disk normally uses a 32 sector, 128 byte/sector format.
To make the interface compatible with both the floppy and the hard disk,
it is necessary to increase the number of bytes/sector to 256, this is
accomplished by ignoring every other sector mark. Thus, to the inter-
face,the floppy disk has 16 sectors with a capacity of 256 bytes/sector.

The timing diagram below illustrates sector counter operation.
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CIRCUIT OPERATION

The sector counter is designed so it is reset every revolution by
index mark. That means that within one revolution after power is stable,
during a power up, the sector counter will by synchronized, and should
it become non-synchronized, the next index mark will reset the counter

causing resynchronization.

Operational description begins with the occurance of an index mark
which:

1. Resets the sector counter (L-8).
2, Presets the sector divider (L-74).

The next sector m~nrk that occurs will be ignored in view of the
fact that L72 pin 2 “s high disabling that gate. The trailing edge of
sector pulse clocks L74 reset, this preconditions the circuit to accept
the next sector mark aud allow Lhe counter to be incremented. The trail-
ing edge of the second scctor mark clocks the sector divider (L74) set
again, preconditioning the circuit to ignore the next sector pulse.

This sequence of counting every other sector mark continues until an
index mark occurs resetting the counter to zero, at which time the cycle
begins again. If the floppy disk is selected (fﬁg;low) the sector count
is gated through L2 along with Sector Pulse Present (EFF, L1-8) and pre-
sented to the BSR rultiplexer. If the hard disk is selected the sector

count and sector pulse are provided by the drive.
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2.6
- DIRECT MEMORY ACCESS (DMA) -

Direct Memory Access is a method of transferring data to and from

Yain Menory (MM) without the MP's intervention - i.e., the memory transfer
is not controlled by the MP (microcode) in any way.

The device adapter board controls «ll th. memory transfers by its
hardware, to increase the data transfer rate by requesting 'MM' at the
appropriate time. The disk DA makes memory requests every time the
'BSR' is full/empty - i.e., once for every 16 counts (bits). A memory
request is made every 6.4 us for the hard disk and every 64 us for
the floppy disk.

The 'MP starts the memory operation by issuing a surface operation
command to the 'DA'. The 'MP' then waits looking for the 'Input Bit'
from the device adapter signalling that the required operation and
approrriate memory transfers have bheen performed. A+ this time, the

'MP' is again in control of the 'MMBI'.

Following is a schematic and description of the 'DMA' portion of
the 'DA'.
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CIRCUIT OPERATION

The 'DMA' portion of the 'DA' consists primarily of two flops;

'Hardware Read 16' (HR16) and 'Hardware Write 16' (HW16) at locations
L63-8 and L63-13 respectively.

HARDWARE READ 16 (HRI16)

The disk 'DA', upon receipt of a Disk Write command, sets the HR16
flop (L63-8) on 16 bit 'BSR' boundaries.

The 'DA' writes 16 bits onto the disk media (half word) per 'MM'
transfer, Data must be ready prior to the actual write operationm,
therefore, the 'MM' is read (requested) each time the 'BSR' starts
shifting data to the disk.

The controlling gate for read requests is L41-6. This gate clocks
the HR16 flop (L63-8) at 'ACK' time (L41-5), Write Memory Read Request
Allow (WMR) felt at L41-3, and stepped into sixteen time Lé4l-4 (L67-5).

The HR16 flop will remain active (low) until it is reset via L75-10 (INCZ).

INC2 is the second ripple pulse to the MP's 'MAR'. At this
time 'INC2', the memory transfer has been completed and set up for

the next transfer has begun.

The first memory request during a write operation is made via
L47-8 (L56-9). It is necessary to provide the first request via L56-9
and 'WGT' (Write Gate Time) due to the inactivity of 'WMR' flop (L23-5)
prior to the first write onto the disk.

The disk 'DA', upon receipt of & disk 'Write Verify' command, sets
the VHR16' flop (L63-8) on 16 bit boundaries as does the 'Write Command'.
However, the "HR16' flop is clocked via L28-~11 (allow verify memory re-
quests and 'SOS' (stepped out of 16).




HARDWARE WRITE 16 (HW16)

The disk 'DA' upon receipt of a disk 'Read' command, set the 'HW16'
flop (L63-13) on 16 bit 'BSR' boundaries.

The 'BSR' reads 16 bits from the disk media (half word) per 'MM'
transfer. The serial data is read from the disk bit-by-bit and shifted
into the "BSR' via the disk's 'READ CLOCKS'. The 'BSR', upon receiving
16 bits, makes a 'MM' request (HW16) via L20-9 (allow memory requests/
read), 'SIS' (stepped into 16/L67-5) and 'SDR' (Shift Data Read/L&3-3)
forcing L31-6 low. L31-6 is felt at "HW16' flop L63-1 clocking the
flop active (L63-13/ilow).

The 'HW16' flop is reset via 'INC2' in the same manner as the 'HR16'

flop was reset.

1. Both memory requests cause a 'MM' transfer to/from the MP's 'MDR'
register (see MP Manual Section 3/2/0).

]

2. For further description and timing relationship, see the Instruction
Operation section of this manual (3.0).
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2.7
- CYCLIC REDUNDANCY CHECK (CRC) -

The purpose of the 'CRC' is to verify the data read from disk
is correct.

During a 'Disk Write' operation, a two byte (16 bit) 'CRC' check
character is computed and written onto the disk media directly after
the 256 byte data field.

During a 'Disk Read' opcration, the data being read from the disk
media is passed through the 'CRC' circuit, and a 'CRC' check character
is computed. The 'CRC' check character, after the data field, is also
read from the disk and passed to the 'CRC' circuit where it will cancel
the check character computed by the 'Disk Read' operation.

The 'CRC' circuit will report an erroi for the Disk Read if the
'CRC' check character (from disk) did not cancel the computed check
character during the 'Disk Read' operation. The error condition will

set the 'CRC Error' flop in the Operational Status Error Flag section
(2.8).




CIRCUIT OPERATION

The 'CRC' circuit utilizes a 'CRC' inregrated circuit (Device Type .
9401). For the device operation, please refer to its data sheet -
'Fairchild Macrologic *9401 CRC Generator/Checker'.

WRITE OPERATION

During a Disk Write, the data (from the 'BSR') is felt at the input
of the 'CRC' device (L32) via tarm 'DO' (Data Out) L44-1 gated with term
'WGA' (Write Gate Allow/L44-2), and passed to 'CRC' L32-11 through 'OR'
L44-6. This data is then clocked into L32 via L36-12 through 'OR' L24-12.

Term 'ACC' (Allow Cyclic Check) is used to control the 'CRC' device
end clock steering to the device.

ACC (High) = Load 'CRC' Device
ACC (Lcw) = Shift Out 'CRC' Check Character

Term 'ACC' will go low at the end of the data field to allow the
'CRC' check character to be shifted to the disk via clock input L46-8

through 'OK' L24-12. 'ACC' is felt at L32-10 controlling the 'CRC'
device. '

Term 'SHC' (Strobe Header Cheek) clears the 'CRC' device (L32)
just prior to the data field.

READ OPERATION

During a Disk Read, the data (from the disk) is felt at tFe input
of the 'CRC' device (L3.2) via term 'RDI' (Read Data In) L44-12 gated
with term 'RGA' (Read Gate Allow/L44-13), and passed to 'CRC' L32-11

through 'OR' 144-6. This data is then clocked into L32 via term 'SDR'
(Shift Data Read) at L24-2.

*A trademark of 'Fairchild Camecra anc¢ In: rument Corporation'. ‘
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The entire 256 byte sector is passed to the 'CRC' device (L32) and

a check character is computed. The check character trailing the data

field is also shifted in cancelling the computed 'CRC' check character

computed during the read. L32-13 will go high signalling an error, if

it has occurred.
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2.8
- OPERATIONAL STATUS ERROR FLAGS & OPERATION TERMINATION -

ERROR STATUS FLAGS

There are five Operational Error Status Flags:

1. Header Error -
2. CRC Error ‘
3. Write Verify Error

4, Sector Overrun Error

5. Memory Overrun Error

There are, in addition, two 'MM' error conditions reported by the

'DMA' memory operation:

7. 'MM' Illegal Memory Address Error (IMA)

In the event of any error condition being sensed, an immediate
termination of the surface operation is executed via the input bit (§Tﬁf¥).
This is done to prevent destruction of data in the "MM' or on the disk
media (CRC Error excepted).

OPERATION TERMINATION

There are three normal operation terminations:

1. EOR = End of Read & Write Verify
2. EOW = End of Write
3. EOF = End of Format

Each of these signals will set the input bit (SINPT).
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CIRCUIT OPERATION
ERROR STATUS FLAGS
1. Header Error:

The 'Header Frror Flop', L51-5 samples the header read from disk
(BSR) and the header in the MP's 'MDR' register via comparator [L57, 158,
L59 and L60]. The comparison (High = Good) is felt at L51-2 'DCP' and
clocked by term 'SHC' (Strobe Header Check/L65-7) felt at L51-3., L51-5
will go low signalling a Header Error and will terminate the surface

' operation via L40-1.
2, CRC Error:

The 'CRC Error Flop', L50-9, samples the error pin on the 'CRC'
device L32-13 (High = Error). The 'CRC Error Flop' is clocked via
term 'SRT' (Set Read Termination/1.20-6) felt at L50-il. L30-9 will
go high signalling a '"CRC' Error, however this error conditions does
not terminate the surface operation (no input bit) due to the non-

destructive nature of the error.
3. Write Verify Error:

The 'Write Verify Error Flop', L50-5, sampl~s the data read from
disk (BSR) and the data in the MP's 'MDR' register via comparator [L57,
L58, L59 and L60]. The comparison (High = Good) is felt at L50-2 'DCP'
and clocked by [SDR (Shift Daca Read) . SIS (Stepped Into 16)] felt at
1.50-3, L50-5 will go low signalling a 'Write Verify' e.~or and will

terminate the surface operation via L40-2.
4, Sector Overrun Error:

The 'Sector Overrun' flop L49-9, samples 'RGA' (Read Gate Allow) and
'WGA' (Write Gate Allow) felt at L49-12. If elther signal is active (high)
when a sector is entered, a Sector Overrun condition exists - i.e., the
surface operation should have been completed prior to entering a new sector.

79




Term 'SPP' (Scctor Pulse Present) clocks the 'Sector Overrun' flop via
L49-11. L49-8 will go low signalling a Sector Overrun Error and will

terminate the surrace operation via L40-3. ‘

5. Memory Overrun Error:

The 'Memory Overrun' flop, L51-9, samples both memory request
signals, 'IW16' and 'HRL6' for activity (Low = Active) at the moment a ‘
new request is requested - i.e., the previous request, if it was not
serviced by 'MM', will indicate that 'MM' was unable to respond in time
and that the data in the MP's 'MDR' register is invalid. The 'Memory
Overrun' flop is clocked via term 'SHW' (Set Write Request) or term 'SRR'
(Set Read Request) felt at L51-11. L51-8 goes low signallirg a Memory

Overrun Error and will terminate the surface operation via L40-12.
6&7. 'MM' Parity Error (MMP) & 'MM' Illegal Memory Address Error:

These two errors are a function of the 'MM' and are reported to

the 'Mr’ board where they are stored. The 'MP' tiansfers thesz ertor

conditions to the 'DA' via terms 'HSBl' (Hardware Status Bit One/MMP)
and 'HSB2' (Hardware Status Bit Two/IMA). HSBl and HSB2 are active
high.

These terms are felt at the 'BSR' Input Multiplexer' L71-5 (HSBl)
and L70-11 (HSB2) for transfer to the MP's 'MDR' register. Term 'HTS'
(Hardware Transfer Stop) signals to the 'DA' that 'HSB1' or 'HSB2' is
active and terminates the surface operation via L40-11. HTS is from .

the 'MP' Memory Bus Interface Logic.

All of these error flags are reset via a 'Give Operational Status'
command decoded by L64-6 or INIT2. 'Give Operational Status' command

is issued after every surface operation command.
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Operation Termination:

The normal operation termination is decoded 0ff the 'BSR' and felt
on L40 via terms: EOT (End of Format) = L40-6, EOR (End of Read/Write
Verify) = L39-485, and EOW (End of Write) = L40-5.

Miscellaneous Termination:

If a surface operation is requested, and a sector pulse is present,
the surface operation will be terminated via 1L39-2 (SPP) and 1739-3 (EEF).

Initialize will also terminate any surface operation.
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2.9
- FLOPPY DISK TIMER -

The purpose of the 'Floppy Disk Timer' (L53-7) is to provide a
time delay after certain floppy disk commands are issued - i.e., the
floppy disk requires settling time after certain commands are issued

due to the floppy disk not reporting an inoperable condition. These

commands are:

. Seek
. Head Load/Unload

Although these commands require a settling time, a separate command
is used to start the timer - i.e., the 'Start Timer' command. The timer

is retriggerable and has a time of 12.65 ms.

CTRCHTT DESCRTPTION

The timer is a one-shot (9602) at location L53-7. It is triggered
via L41-12 and allowed to the MDR via term 'FDS' (Floppy Disk Select) at
L5-10 and then through the 'BSR' multiplexer channel - CO at L69-6.
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2.10
- TERMINATOR VOLTAGE & PROTECT -

TERMINATOR VOLTAGE

The terminator (mounted on the Diablo 10-Meg Disk) must be supplied
with +5V in the event the Diablo power is off,

+5V is supplied to the terminator through diode Al5F felt at pins

482 and 692 of the DLI.

PROTECT

In the event of a power failure or any voltage failure, the disk

media must be protected from false data writes, etc. The power supply

monitors all of its voltages (system supply) and issues a System Initialize

if they become out of tolerance.

This System Initialize is felt at pin 13, on the 'DAI' and removes
the bias on both Write Gate and Erase Gate transistors on the 'DA'.
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-INSTRUCTION OPERATION -
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' 4.0
- HARD DISK -

The Diablo* Systems Incorporated Series 40 Disk Drive Model 44

(10 Megabyte) is presently heing used.

Pleasc refer to Diablo Systems Incorporated Series 40 Disk Drive

Maintenance Manual (Model 44) for service requircments and procedures.

*'Diablo' is a trademark of Diablo Systems Incorporated.
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5.0 .
~FLOPPY DISK - .

The Shugart Associates Model 901 Diskette Storage Drive is presently
being used.

Please refer to Shugart Associatestbiskette Storage Drive Manual

SA900/901. SA900/901 Maintenance Menual may be found in Wang Laboratories
Service Bulletin No. 46.2.
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FAIRCHILD NMACROLGSIC* o 940
CRC GENERATOR/CHECKER

Description  The 9401 Cyclic Redundancy Check (CRC) Generator/Checker
provides an advanced tool for the implementation of the most widely used
error detection scheme in seriai digital data handling systems. A 3-

bit control input selects one of eight generator poiynomials., The list of
polynominals includes CRC-16 and CRC-CCITT as well as their reciprocals
(reverse polynomials). Automatic right justification is incorporated for
polynomials of degree less than 16. Individual clear and preset inputs

are provided for floppy disc and other applications. The ERROR output
indicates whe:ther or not a transmission error has occured. Another control
input inhibits feedback ¢''ring check word transmission. The 9401 is a member
of Fairchild's Macrologic family and is fully compatible with all TTL families,

Typical Applications

e Flopny and other disc storage systems,
¢ Digital cassette & cartridge systems.
o Data communication systems.

Features

Guaranteed 12 MHz data rate.

8 selectable polynomials.

Error indicator. :

Separate Preset & Clear controls.

Automatic right justification.

Fully compatible with all TTL 1og1c families.
14-pin package.

' ‘ ‘A Yrademara of Fairenild Camera and tnstrumant Corporation
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LEAD NAMES Loading (note a)
HIGH (U.L.? LOW (U.L.)
3 S]. S‘2 Polynomial Select Inputs 0.5 .23
D Data Input 0.5 23
P Clock (operates on HIGH to LOM transition) 0.5 .22
Input
ot ¢ Check Word Enable (active LOW ) input 0.5 .23
P Preset (active LOKW) input 0.5 .23
MR Master Reset (active HIGH) input 0.5 23 .
Q Data Output 10 5 (note b)
ER Error (active HIGH) output 10 5 (note b)
. NOTES:
& VYTTL UnitLora (U.L.) = 40 uA HIGH/1.8 mA LOW.
8. The Output LW drive fecter 16 25U.L. 1or Milltary (XM) end 8 U.L tor Commcreisl (XC)
tompersture Asnyen.
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9401

Functioral Doscription - The 94G1 Cyclic Redundancy Check (CRC) Genzrator/Checker
fs a 16-Bit programmable device which operates on serial data streams and pro-

vides a means of detecting transmission errors. C(yclic encoding and decoding

schemes for error cdetection are based on polynumial manipulation in mcdulo

arithmetic. For encoding, the data stream (mcssage polynomal) is divided by a

selected polynomial. This division results in a remainder which 1s 2ppended to

the message as check bits. For error checking, the bit stream containing both

data and check bits is divided by the same selected polynomial. [f there are no
detectable errors, this division results in a zero remainder. Although it is

possible to choose many generating polynomials of a given degree, standards exist tnet
specify a small number of useful polynomials. The 9401 implements the polynomials listen
in Table ! by applying the appropriate logi. levels to the select pins 50. S] 8 52.
The 9401 consists of a 16-bit register, a Read-Only-Memory (ROM) and associated
control circuitry as shown in the Block Diagram. The polynomial control code
presented at inputs 50' S], and 52 is decoded by the ROM, selecting the desired
polynomial by establishing shift mode operation on the register with Exclusive OR
gates at appropriate inputs. To generate the check bits, the data stream is

entered via the Data (0) inpul, using tho HICH to {OW transition nf the Clock (CP)
p—— -—

. ———— e -

input. This data is gated with the most significant 6utput (Q) of the register,
and controls the Exclusive OR gates (Figure 1). The Check Word Enable (Cﬁil‘mugg
be held HIGH while the data is being entered. After the last data bit is entered,.
EE;ZEWE is brought LOW and the check bits are shifted out of the register and
appended to the data bits using external gating (Figure 2).

Tn check an incoming message for errors, both the data and check bits are
entered through the D input with the Cﬁfv?nput keld High. The 9401 is not
in the data path, but only monitors the message. The Error output becomes
valid after the last check bit has been entered into the 9401 by a HIGH to
LOW transition of CP. If no detectable errors have occured during the data
transmission, the resultant internal regicter bits are all LOW and the Erro:
output (ER) 1s LOW. If a detectable error has occured, ER 1s HIGH. ER
remains valid until the next HIGH to LOW transition of CP or until the device
has been Preset or Reset.

A HIGH Tevel on the Master Reset (MR) input asynchronously clears the register,
A LOW level on the Preset (P) input asynchronously sets the entire register if
the control code inputs specifv a 16-bit polynomial; in the case of 12 or 8-bit

check polynomials only the most significant 12 or 8 register bits are set and
the remaining bits are cleared.
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9401

9401
TABLE 1
SELECT CODE POLYNOMIAL REMAKKS
2 |21 1 o
ol L | xex%eda CRC-16
Lol e | x"8exexn CRC-16 REVERSE
L S I PP TR LI E R SR IR
Lotn e [ 02l CRC-12
R T T LR PO L
LwoiL L4 | 8a LRC-8
| i
H lH L | X6x124x%4 CRC-CCITT
| \H a8 et CRC-CCITT REVERSE
[ | R S
RECOMMENDED OPERATING CONDITIONS
2401 XM <404 XC
PARAMETER MIN TYP MAX MIN TYP MAX UNITS
Supply Volitage Voo 45 5.0 5.5 4.75 5.0 5.25 a\4'
Operating Free Air Temperature Ranqe -55 25 125 0 25 75 Cc

X = packege type;

OC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniess otherwise noted)

D tor Ceremic Dip, P for Plastic Dip.

LIMITS
YMBO PARAMETER UNITS T oI
S L N TvP MAX EST CON ONS (Note 1)
Vi Input HIGH Voltage 2.0 v Guaranteed Input HIGH Voltage
XM 0.7
viL Input LOW Voltage c B v Guaranteed Input LOW Voltage
Veo Input Clamp Uiode Vnitage - 085 -1.5 v vVee * MIN, iy = =18 mA
v Output HIGH Voltage aba 25 34 v v MIN, | 400 A
¢ - s ® -
OH utp 9 XC 2.7 34 cc OH “
XM&X 04 v v = MIN, | 40 mA
VoL Output LOW Voltage ¢ 03% £c oL =
XC 0.45 0.5 \ Vee " MIN, 19 = 8.0 mA
1.0 20 A Vee * MAX, VN = 2.7
Input HIGH Current L cc ViNT2TV
0.1 mA Vee "MAX VN 55V
he Input LOW Current -0.36 mA Yee *MAX. ViN=04V
108 Output Short Circuit Current -0 -42 mA Vee ® MAX, VoyTt = 0 V INote J)
Ice Supply Current 70 mA Vee ® MAX \NPuTS oPeN -
90
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Switching Characteristics (Tp = 25°C, Voo = 5.0V)

LIMITS '
SYMBOL PARAMETER - WNIN (nng 5 MAX UNITS “CONDITIONS (
fmx Maximum Clock Frequency 12 20 i MH2z ,
ﬁ" Propagation delay, Clock,MR .
¢ HL ' to Data Output 0 ns C =15 pF o
PLH 35 Fig.3,
PHL Propagation delay, Preset to 40 60 4,5
tPLH Data Output -
tPHL Propagation delay,Clock,MR 40 60 ns
t or Preset to Error Qutput
PLH )
Switching Set-up Requirements (TA = 25°C, VCC = 5.0V)
LIMITS /
SYMBOL PARAMETER T e T e e CONDITIONS ®
thP (L) Clock pulse width (LOW) 35 ns Fig.2
tsD Set-up time, Nata to Clock - 35 55 ns
tsCHE Set-up time, CWE to Clock 35 55 ns Fig. 6
Hold time, Data and CWE to 0 ns C, = 15 pF
t" Clock L
tVP (L) Preset pulse width (LOW) 35 25 | as Fig.4 )
t MR (H) Master Reset pulse width 35 "~ 25 ns Fig.6 !
(HIGH) ?
trec Recovery time, MR and Preset 25 35 ns Fig.4,5 -
to Clock
Notes:

1. Ffor conditions shown as MIN or MAX, use appropriate value specified under
recormended operating conditions for the applicable device type.

2. Typical limits are at V C=5.0 v, TA = 25°C.

3. Not more wian one outpug should be 'shorted at a time.
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