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INTRODUCTION

General

The diskette controller is a separate unit from the
diskette storage drive and is the controlling interface
between the drive and the main computer, Figure 1.

The system consists of a diskette storage drive
which contains the drive mechanism, read/write
heads, track positioning mechanism and the
removable floppy disk (diskette). The associated
control electronics is contained on a printed circuit
board within the drive.

When the main computer requires to read data from
or write data to a diskette it addresses the controller
and transfers the instructions and commands for

the particular mode. The controller then selects any
one of four diskette drives and prepares the diskette
to read or write. Once started, the controller logic

is capable of transferring data between the diskette
and the main computer memory independently of
the main computer program.

The diskette controller logic is shown in Figure 2,
and is divided up into four main functions:-

1)

2)

3)

4)

Input/OQutput

This logic controls the flow of data between
the main computer and the controller and
provides the initial indications to the internal
processor that the main computer requires
attention.

Read

This logic receives data from the diskette,
svnchronises it with the system clock, counts,
checks and transfers it byte by byte to the
PTocessor.

Write

This logic receives data from the processor via
the input/output logic and writes it byte by
byte to the diskette.

Processor (internal)

This logic contains the fixed micro-program
which controls and co-ordinates the reading
and writing of data; initially sets up the
diskette and transfers data and status to and
from the inputfoutput interface logic.
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Figure 1 Position of Controller within the system
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Data is checked after it is read from the diskette to
detect whether it is from the correct sector and
also to find out if an error has occurred. This

checking function is described in the read and write

Fhe controller hardware logic is divided into three
diagrams, each with an associated functional block
diagram. The block diagrams are drawn to corres-
pond with the logic layout to provide easy

recognition between the diagram and the description.

mode logic.
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Recording and Track Format
Recording Format

The media characteristics, the logical data format,
physical data format and the drive characteristics
are compatible with the IBM 3740 Data Entry
System and 3540 Diskette Input/Output Unit.

The diskette is initialised by writing each track from
beginning to end without interruption. The
beginning and end is coincident with the leading
edge of the physical index hole. The drive uses the
double frequency (2F) horizontal non return to
zero (NRZ1) method of recording. Double frequen-
¢y is the term given to the recording system which
inserts a clock bit at the beginning of each bit cell
time thereby doubling the frequency of recorded
bits. The clock bit, as well as the data bit, are
provided by the using system,

The presence of a flux transition represents a

binary one and the absence of a transition represents
a binary zero. The development of data bits is
shown in Figure 3 and the timing between clock

and data pulses is shown in Figure 4.

Track Format

The diskette contains 77 tracks numbered from 00
to 76. The recording density varies from approxi-
mately 3200 bits per inch (6400 flux changes per
inch} on the inside track to approximately 1700
bits per inch on the outside track.

The logical data format is comprised of an index
track format, data track format, alternate and
spare track format.

Each diskette is divided into one index track
{number 00), 73 data tracks (number 01 to 73),
two alternate tracks (numbers 74, 75) and one
spare track (number 76).

Each track is divided into 26 sectors. The logical
record length of a sector can be anywhere from 1
to 128 characters.

Typical Track Index Format

Figure 5 shows a track Format, which is IBM com-
patible, using Index Recording Format with soft
sectoring.

Soft Sector Recording Format

In this Format, the using system may record one
long record or severa! smaller records. Each track
is started by a physical index pulse and then each
record is preceded by a unique recorded identifier.
This type of recording is called soft sectoring.

Gaps

Each field on a track is separated from adjacent
fields by a number of bytes containing no data bits.
These areas are referred to as gaps and are

provided to allow the updating of one field without
affecting adjacent fields. As can be seen from
Figure 5, there are four different types of gaps on
each track.

Gap 1 Post-Index Gap

This gap is defined as the 32 bytes between Index
Address Mark and the ID Address Mark for Sector
one {excluding the address mark bytes). This gap
is always 32 bytes in length and is not affected by
any updating process,

Gap 2 ID Gap

The seventeen bytes between the ID Field and the
Data Field is defined as Gap 2 (1D Gap). This gap
may vary in size slightly after the Data Field has
been updated.

Gap 3 Data Gap

The thirty-three bytes between the Data Field and
the next 1D Field is defined as Gap 3 (Data Gap).
As with the ID Gap, the Data Gap may vary slightly
in length after the adjacent Data Field has been
updated.

Gap 4 Pre-Index Gap

The three hundred and twenty bytes between the
last Data Field on a track and the Index Address
Mark is defined as Gap 4 (Pre-Index Gap). Initially,
this gap is nominally 320 bytes in length; however,
due to write frequency tolerances and disk speed
tolerances this gap may vary slightly in length.
Also, after the data field of record 26 has been
updated, this gap may again change slightly in
length.

Address Marks

Address Marks are unique bit patterns one byte in
length which are used in this typical recording for-
mat to identify the beginning of 1D and Data
Fields and to synchronise the deserialising circuitry
with the first byte of each field. Address Mark
bytes are unique from all other data bytes in that
certain bit cells do not contain a clock bit (all other
data bytes have clock bits in every bit cell). There
are four different types of Address Marks used,
Each of these are used to identify different types of
fields.

Introduction -3



Index Address Mark

The Index Address Mark is located at the begin-
ning of each track and is a fixed number of bytes
in front of the first record. The bit configuration
for the Index Address Mark is Hex, FCD 7.

ID Address Mark

The ID Address Mark byte is located at the begin-
ning of each ID Field on the diskette. The bit
configuration for this Address Mark is shown in
Figure 6 (Hex. FEC?Y).

Data Address Mark

The Data Address Mark byte is located at the
beginning of each nondeleted Data Field on the
diskette. The bit configuration for this Address
Mark is Hex. FBC7.

Deleted Data Address Mark

The Deleted Data Address Mark byte is located at
the beginning of each deleted Data Field on the
diskette. The bit configuration for this Address
Mark is Hex. F8C7.

CRC

Each field written on the diskette is appended with
two Cyclic Redundancy Check (CRC) bytes. These
two CRC bytes are generated from a cyclic per-
mutation of the data bits starting with bit zero of
the address mark and ending with bit seven of the
last byte within a field (excluding the CRC bytes).
When a field is read back from a diskette, the data
bits {(from bit zero of the address mark to bit seven
of the second CRC byte) are divided by the same
gencrator polynomial. A non-zero remainder in-
dicates an error within the data read back from the
drive while a remainder of zero indicates the data
has been read back correctly from the diskette.

Introduction -4

Software

The internal processor contains a fixed program-
med read only memory which controls all
diskette operations. It is accessed automatically

after the main computer program requests attention.

Certain decoding functions are electrically pre-
programmed, therefore, it is essential that all
software and decoder tables are available for the
complete understanding of the controller hardware
actions.

The following software information is contained in
the software section of this manual.

1)  Input/Output Instructions and commands
2} Controller micro-program instructions
3) Controller program flow charts

4) Controller program codes.

9L -0l -9ZrL
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Figure 3 Recording Format

fe— (2F) -|< (1F) -»|

Double frequency recording (NRZI)

Flux
Reversals
1 ' 1 1
‘ CLOCK BITS
AL
2
— - J
1 DATA BITS 1
~ PHYSICAL INDEX ' i
spvres INDEX ADDRESS MARK
SECTOR 1 SECTOR 2
A A
N
GAP 2
PIELD GAP 4 SoeT iD D | bata e | oS40 3 ID DATA
RECORD eV e noex | recomp | G537 | T Recorn |35 mvecy | recoro | GAP2 | TRec
26 32 BYTES BYTES

IDENTIFICATION HEADER

WRITE GATE
TURN ON FOR UPDATE
OF NEXT DATA FIELD

7 BYTES
2 3 4 5 6
TRACK SECTOR CRC CRC
ADDRESs | ZEROES | AppRess | ZEROES BYTE 1 BYTE 2
(See Fig, 7)
SYNC. FIELD
GAP 2
}
{
(HEX 00 or FF) I (Hexoo) {HeX
|
1 |
ja}—— 11 BYTES ~J‘— 6 BYTES —"—H -1 BY

_Figure 5 Track Forn



Figure 4 Clock and Data Timing

me— FIUX D D D
Reversals
2us
s 4us 44s
< >
250ns + 50ns
SECTOR 2 SECTOR 3 SECTOR 26
A A A,
' aVa N - d
ID DATA FIELD ID DATA FIELD D DATA FIELD
RecorD | SAP2 | “Recorp GAP3 | Recorp | GAP2 | “RECORD <r$ RECORD | 6AP2 | “recorD cars
—— DATA FIELD

2-129

128 BYTES OF USER CRC CRC
DATA

BYTE 1 BYTE 2
{See Fig. 8) »
: SYNC. FIELD

I GAP3

(HEX 00
or FF)

(HEX 00 or FF) (HEX 00)

b . -

*Where Hex 00 or FF is optional
FF is recommended

If Gap 2 contains FF then Gap 3
l@-1 BYTE 26 BYTES 6 BYTES must also contain FF

WRITE TURN-OFF
FOR UPDATE OF
PREVIOUS DATA FIELD

_Figure 5 Track Format Introduction -5
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Figure 6 1D Address Mark
C C D C D D D D (o] D (o]
e —> e —t—
BITCELL 7 BITCELL® BITCELL1 BITCELL2 BITVCELL3 BITCELL 4 BITCELLS BIT
— ID ADDRESS MARK BYTE
BINARY REPRESENTATION OF:
DATA BITS 1 1 1 1
CLOCK BITS 1 1 0 0 V]
HEXADECIMAL
REPRESENTATION
OF:
DATA BITS F
CLOCK BITS c
IDENTIFICATION HEADER
(7 BYTES)
2 3 4 5 6 7
........ TRACK HEAD SECTOR BLOCK CRC CRC
~ J\ J
v R
1 byte 4 bytes | Clock always 2 bytes 1byte
(Hex. FF)
A AL A A
r N7 N r Y r'a " =
Address Marker byte 2 is Track No. 0 - 76 (Hex. 00 - 4C) CRC control Aqdress Marker 12
(Hex. FEC7) byte 3 is Head No. (Hex. code 00) characters generated {either Hex. FBC7 or F8C7)  Cl
Data (FE) byte 4 is Record or Sector No. during initialisation Clock's (Hex. C7)
Clocks (C7) 1- 26 (Hex. 01 - 1A) Data is OK (Hex. FB)

{see Figure 6) byte 5 is physical Block length of data

128 bytes (Hex. code 00)

Figure 7
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c D c c
‘bl< gt g L
.5 BITCELL®6 BITCELL? BITCELL®
4.
DATA FIELD
(131 BYTES)
2-129 130 131
DATA CRC CRC
2 bytes
AL A

) A

[ 4
128 bytes of data
F8C7) . Clocks always (Hex. FF)

Figure 8

r
CRC control

characters generated

during the write

operation

_ Signal Definitions

A mnemonic is an abbreviation:for the signal name,

for example DATEN = Data Enable.

The signal name states the purpose or function of
the signal.

The signal is said to be true or false depending on
whether the statement in the signal name is true or
false.

When the signal is true its logic value is 1.
When the signal is false its logic value is 0.

A bar above the mnemonic (e.g. BOUTE) means an
inversion of the logic value.

Example:
Logic Value
| Signal state. BOUTE | BOUTE
True 1 0
False 0 1

Inside the controller the logic signal levels are

0to+ 0.7 volts + 2.5 to 5 volts
Logic 0 Logic |

‘Other Connection Details

To avoid the circuit diagram being crowded with
lines, many interconnections are merely indicated
by the signal mnemonic and an arrow.

Example: —> DATEN To-2nother place on
the same diagram.

DATEN > From another place
on the same diagram.

To or from another
c place on another
diagram, but on the

same board.

9L - 01 - 9Zvl
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Signal Tables

Mnemonic | Signal name Saurce Destination/s Etfect of signal
ABS. M.B. | Absolute most sign. bit Registers - Indicates most signification bit position
A=B1 Input B1 (bit 0 - 3) is equal ALU register U32 pin 13 Produces jump instruction JA = B
with A1 (bit 0 - 3) U23 pin 14
A= B2 Input B2 (bit 4 - 7) is equal ALU register U32 pin 13 Compares Acc. bits with internal data bus
with A2 (bit 4-7) U37 pin 14 Produces jump instruction JA =B
AHREN Address high register enable Output decoder U3 pin 11 Clocks in address to high reg. from internal
U39 pin 14 data bus for DMA transfers
AKBFE Accumulator buffer enable Inst, decoder U26 pin 1 Enable Acc. buffer
U33 pin 9
AKKEN Accumulator enable Inst. decoder U27 pin 12 Enables Acc.
U33 pin 6
ALREN Address low register enable Output decoder U4 pin 11 Clocks in address to low reg. from internal
U39 pin 13 data bus for DMA transfers
BCOUNT Block count Write byte counter U63 pin 9 Enables JCODD after every byte.
US4 pin 15 counted up by 16 REGCL puises
BOUTE Buffer output enable Oscillator U26 pin 2 To ensure that the logic enables Acc. buffer
U76 pin 7 in phase with system clock and also provide a
1:1 pulse width to give the Acc. buffer
sufficient time to place its contents on the data
bus. The Acc. buffer is enabled slightly ahead
of SYSCL.
CDATA Clock data Write clock reg. Us2pin 9 Writes clock bits from write clock register to
U66 pin 11 disk at 4us intervals
CLEAR Clear interface signal Bistables and After 500ms without new command it resets to
(P2- A13) counters 0 on processor interface and r/w logic. Unloads
U22 pin 14 heads but does not return to track 0. Does not
stop 2 x SYSCL so that a full SYSCL pulse can
start at the correct time after CLEAR has gone
CLKBT Clock bit Read decoder U43 pins 2,3 When in either CLOCM or ID MODE produces
US7 pin 9 input to read clock bistable when detecting
clock pulses

U43 pin 13 Enables K input on read data bistable when

detecting data pulses
CKSTR Clock status register Output decoder U7 pin 11 Clocks in data to status reg. from Acc. and
U39 pin 11 Mem. buffer
CLOCM Clock mode Syncr. counter U57 pin 11 Read decoder input. Occurs after 15 SYSCL
U71 pin 15 pulses when RDATA is at 4us intervals
Us9 pin 7 Enables 1D counter to count to 110 and
, indicates the ID MODE.
CLOKE Clock enable Read decoder U71 pin 7 Enables syncr. counter but inhibits when no
US7 pin 3 read pulse occurs. Maintains CLOCM during
1D pattern
C,18 Carry output from ALU ALU register U32 pin 14 Produce jump instruction JCARY when a
U37 pin 16 carry out signal from combined ALU register
is indicated
COMCL Combined clock Output decoder U49 pin 11 Enable mode decoder. Selects from internal
U39 pin 15 DBO -7

U49 pin 9 (see also memory counter extension)

COMOR Command or data registered General address bus U2pin3 Sets bistable in input add. reg. to produce
decode logic JCOLD when command instruction occurs
U61 pin 1

DATAB Data bit Read decoder U43 pin 14 Data puise to set serial read input bistable
US7 pin 2

DATEN Data enable Mode decoder - US8 pin 16 Resets SYNC STATUS bistable until CLOCM
U49 pin 12 is established

U63 pin 1 Clears write/read counter at the start of read
mode prior to SYNCR.

U63 pin 10 Sets JCODD at end of each data byte when
w/r counter produces REGCL

U65 pin 2 Sets SELDT upon detection of A.M. when
clock decoder circuit produces REGCL

U67 pin 1 Presets CRC generator before SYNCR occurs

U64 pin 6 Presets write/read counter to 8 after SYNCR
for bit-counting to 15 '

U22 pin 12 Resets read data and SYSCL timing logic until
the CLOCK MODE is established, at the start
syncr. MODE.

DATOP Data operation Read ser/par reg. U556 pin 2 Serial data stream, monitored by CRC during
U51 pin 13 read operation

DBREN Data bus register enable Output decoder U6 pin 11 Clocks in from DB internal
U32 pin 12

Signals - 1




» Signal Tables

9L -0l - 9zhl

Mnemonics | Signal name Source Destination/s Effect of signal
DISCL Disable clock (external) TP2 Oscillator External signal applied to the test point to
U70 pin & inhibit the oscillator
DMAPLS | DMA pulse ) Interface signal US55 pin 6 With GRANT, enables the data transfer to or
P2 A20 from main memory to proceed
DR2 DMA request No. 2 Interface signal P1 A21 informs computer that disk is ready to accept
U13pin 6 data transfer when in the DMA mode. Com-
' puter sends GRANT
ENOMB Enable output memory buffer Inst. decoder U20 pin 1 Enables the memory buffer register contents
U33 pin 6 U34 pin 1 to be placed on the internal data bus — but
not during a 2-byte operation because of
MBUFF
ENOSY Enable output system Interface logic U6 pin 1 Enables the output data register when writing
U14 pin 11 to main memory during a DMA transfer
EXCLK External clock TP1 Oscillator External clock to replace oscillator for test
U70 pin 12 purposes
FDSEN Floppy disk system enable Output decoder U9 pin 11 Clocks the floppy disk register for disk
) ’ U39 pin 10 selection, direction and track position pulses
GECEN General clock enable Output decoder U40 pin 10 Anded with bit 3 to produce GENCL for an
U75 pin 3 m.p. data/device transfer. Inhibited during a
2 byte operation because of |
GENCL General clock Output decoder U38 pin 15 Clocks R1/R2 register for a DMA data
U41 pin 3 transfer instruction
U13 pin 11 Clocks interrupt register for status transfer
U13pin 3 instruction (Controlled 1/0). With bit 3 sets up
data request for DMA transfers. Response
from computer is GRANT
GRANT 2 | Grant No. 2 Interface signal U26 pin 1 The computer acknowledgement to a DMA
P1 B11 U14 pin 13 data request by No. 2, Priority . Enables DMA
logic
GRANT 2 | Grant No. 2 Interface logic US5 pin 6 Anded with DMAPLS to allow a DMA transfer
U26 pin 2 U11 pin 15 Enables acknowledge signal to computer to
send or accept data
U12pin4 Resets data request bistable each time a request
is made :
U3 pin 1 Enables the AHREN and ALREN to be gated
U4 pin 1 to the main computer memory as a 16 bit
word
IACK 6 Interrupt acknowiedge No.6 Interface signal U12pin9 The computer acknowledgement to an
P1 A27 interrupt request by interrupt level 6 to
transfer status {controlied 1/O). Resets
interrupt register
IDMOD Identification mode Format decoder U57 pin 12 (READ mode) Input signal to the Syncr.
U73pin 6 decoder when the format ID marker is detected
U73 pin 156 Resets JTERR detection bistable after
timing error
U44 pin 16 Produces jump instruction to indicate error if
1D MOD remains in Syncr. gap between read
before write mode
IDRES {dentification mode reset Read decoder U73 pin3 Resets |D MOD bistable on the first clock
U57 pin § puise after the missing clocks
INDEX Index puise (see JINDX) Disk Interface U56 pin 6 Indicates start of track, once per
JF 31 revolution of disk. Causes jump instruction.
Start point for initialisation
INPUT Input Instruction decoder U38 pin 1 Produces read data and read clock register
U33 pin 7 U27 pin 10 enabling signals with SEL bit 4, produces
U40 pin 2 S register output enable signals (S ~+ A)
clock MD register to ALU for the 2 byte
instruction (since IRENB is inhibited) -
INCRL Input register clock Interface logic U2pin9 Ciocks input addresses ABO - AB2 iﬁtg
U112 pin 3 E register from computer \
U8 pin 11 Clocks input data DBO - DB7 into E register
from computer
IOIN 1/0in Interface signal U26 pin 13 Signal from computer to enable status transfer
P2A17 (controlled) from status register
10w 1/0 write Interface signal U1lpin3 Signal from computer to enable the clocking
P2A19 . of the input address and data registers.
{Controlled transfers)
IRCLK Instruction register clock iR enable logic U32 pin 11 Clocks 8 bistables in total:-
U25 pin 11 Outputs 2, 5, 6, 9 to Inst. decoder
Outputs 12, 15, 16, 19 to Jump selector
Clocks on every SYSCL except in middie of
2 byte operation

Signals - 2
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& Siemal memn Source Destination/s Effect of signal
1 ouNB instruction register enable 2 byte logic: Normally low,
i U75 pin 11 axcept in 2 byte
’ ; ) operation
F1 i U258 pin 12 With SYSCL, produces IRCLK enables
5 IR register
4 U18 pins 9, 10 With SYSCL, MD bits O - 3 enables ALU
E selection
U40 pin 1 With SYSCL, register MD bits 0 - 5
U27 pin 13 Primes Acc.
IRENB Instruction register enable 2 byte logic Normally high
UB3 pin 6 except in 2 byte
operation } X
U67 pin 9 Enables jump selector for a 2 byte operation
U75pin 1 inhibits GENCL during 2 byte operation
U20 pins 9, 10 Enables memory data into memory buffer
U34 pins 9, 10 during 2 byte operation
U40 pin 13 Inhibits writing into S register whilst data is
being taken from Mem. buffer during 2 byte
operation. Will accept this data on next
SYSCL. .
IREQ6 Interrupt request No. 6 Interface signal P1A26 Interrupt request from floppy to computer to
Ui3pin8 read status register. Occurs when int. data
- bit 1 issetto 1
JA=B Jumpif A=B Instruction register U44 pin 7 Jump instruction when contents of Acc. equal
U32 pin 12 internal data bits O - 7 compared in the ALU
JCARY Jump if carry Instruction register U44 pin 6 Jump instruction as a result of C,+8 from
U32 pin 16 combined ALU register
JCGDD Jump if command or data is R/w count logic U44 pin 21 Jump instruction for every byte of data read
dstected U65 pin 9 (TP 6) or written and including the read AM byte
{110) and CRC bytes
JCOLD M3 if command register Instruction register U44 pin 4 Jump instruction when an interface command
inaded U32 pin 19 (37) is loaded into the E register address
ABO -2
U1 pind is low prior to command instruction and
enables controlled 1/O transfer
JTRCE Jump if CRC ervor R/w logic U44 pin 22 Jump instruction when the CRC generator
)68 pin 13 indicates an error at the end of a read header
or data block
JOATRQ Jump if dato requestad lnterface logic U44 pin 20 Jump instruction when data is requested from
i UBZ pin 6 or to main memory during a DMA transfer.
Enables data to be transferred at correct time
D o and initiatas error if GRANT is not raceived
JNIEIX cuiap i notindsx pulcn Dick interfare U442 pin 18 Jumn instruction when the disk electronics
USB6 pin 7 detects that index markar (start of track) has
1 not yet been detected
semp if input register !c2dad Instruction register Uad pin 5 Jump instruction when address ABO - 2 and
U32 pin 16 data DBO - 7 are clocked into the E register
s if not rea-ly Nisk interface 1144 pin 2 Jump instruction when disk is NOT
; U586 pin 2 physically able to accept or send data it
_ selected, loaded, up-to-speed and heads loaded
S8 { el e wvack 00 Disk interface 1144 pin 1 Jump instruction when disk electronics
i o UB6 pin 6 datact that the haads are NOT on track 00
" SNWPT | Az <0 7ot erite proteeted Disk interf~~= 1144 pin 23 Jumn inctruction whan the disk electronics
A | USBE rir 10 detect a NOT write protected disk
1 SPULS Jumd if data pulse detected Read Syncr. logic Ua4 pin 3 Jumo instruction which detects clock pulses
1= pin 6 (TP 3) from disk to establish SYNCR. (i.e. when
16 JPULS signals occur at 4us intervals after
tha first CLOCM is established). After SYNCR
tha JPULS takes no active part in the disk
L o . L Ingic saauences
‘f ATREY ! o recat syne, status ft~ad Syner. logic a4 Pin 17 Jump instruction occurring with data/clock
! " TSR pin 10 (TP 4) pulses from disk at 2us intervals. Inhibited
" when CLOCM is established, prior to SYNCR.
JTERR : Jumn if timing error Raad timing loaic a4 pin 19 Jump instruction when 2 or more clock pulses
! i )52pin S ara missing other than whan looking for the
ﬂ ! address marker
bt ! U77 pin 13 Feadback line to latch JTERR until softwa
i ! resats the whole read logic :
| [kl b g3 gnabts Instruction decoder U67 pin 10 Enables jump selactor to load new address into
i U33 pin 2 tha program counter for 2 byte operation
"
: !
b .
b '
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Signal Tables

Mnemonics | Signal name Source Destination/s Effect of signal
LSB Least significant bit All registers Registers and Generally as LHS bit on horizontal registers.
busses Generally lowermost bit on vertical registers.
(See manufacturers data i.e. Texas, for
clarification of position)
MBUFF Memory buffer enable 2 byte logic U20 pin 2 Enables output of memory buffer for 2 byte
U72pin 9 U34 pin 2 operation
U75 pin 13 Causes IRENB signals to go not true during
2 byte operation
M.D. Bits Memory data bits ALU selection register U23, v27 Selects ALU functions as shown in 74LS 181
0-5 U19 pins 15, 12 pins 8,3,4,7,6,6 | Active High Table (Texas)
10,7,5, 2 M, S3, S2, Cp, §1, S0
MIN Memory in interface signal P2A16 Signal to computer main memory to place data |
U11 pin 13 on general bus during DMA transfer to floppy disk}
MSB Most significant bit All registers Registers and General as RHS bit on horizontal registers.
busses Generally uppermost bit on vertical registers.
(See manufacturers data i.e. Texas, for
clarification of position)
MW Memory write Interface signal P2A16 Signal to computer main memory to accept
U1t pin 11 data on general bus from floppy disk during
a DMA transfer
OSTEN Output status enable Interface logic U7 pin 1 Enables the contents of the status register to
U14pin 3 be placed on the general data bus following an
interrupt request to transfer status. Also at the
request from the main computer
OUTPT Output Instruction decoder U27pin 4 Part of input selection to output decoder (when
U33pin 4 SEL bit 3 = 0) to produce mp output signals
U41 pin 4 Produces GENCL (when SEL bit 3= 1) for 1-
or 2-byte mp output signals
U26 pin 11 Enables writing to S register from Acc. or
Memory. (When SEL bit 4 = 0}
PLOAD Program counter load Jump selector U17 pin 9 Output of jump selector to load the memory
U44 pin 10 U31 pin 9 data bus into the program counter
PSEL 1 Program select enable Mode decoder U29 pin 19 Enables addressing from locations O to 511 in
U49 pin 2 U15 pin 19 the read only memory as shown in the
PSEL 2 table
PSEL 2 Program select enable Mode decoder U29 pin 16 Enables addressing to a specific part of the
U49 pin 6 USs3 pin 11 read only programmed m(emory. \;Vith a
. COMCL operation, DBO (PSEL 1) is used with
PSEL 2 Program select enable {\Jﬂgsde ?ﬁ%d" U15 pin 15 DB2 (PSEL 2) to extend the addressing from
P 511 to 1023
PSEL1 PSEL2 ADD CHIP
(DBO) (DB2)
0 0 0 265 U289
1 0 256- 511 U29
0 1 512- 767 u15
1 1 768-1023 uU15
RCMDIS Read clock mode disable Mode decoder U72pin1 Resets read data input enable signal to
U49 pin 9 CLOCM counter
U71 pin 1 Resets clock mode counter (CLOCM).
. Produced as a result of a Syncr. fauit.
RCREN Read clock register enable Input decoder U46 pin 1 Enables the data in the parallél read register to
U38 pin 6 be clocked on to the internal data bus and
transferred to the Acc. Occurs when JCODD is
detected by software
RDATA Read data Disc interface U69 pin 13 Raw data from disk is synchronised with
JF pin & U74 pin § SYSCL and either stretched or shortened to
a standard 200ms pulse width
R6 Pull-up resistor for TTL compatibility and
correct matching
RDATC Read data clock Read logic U63 pin Produces a position pulse for every clock pulse
U60 pin 12 being read. Allows counter to count only at
this time
uU62pin 3 Produces clock pulses to clock CRC generator
for every data bit (DATOP)
RDREN Read data register enable Input decoder US50 pin 1 Enables the data in the parallel read register to
U38 pin 7 be clocked on to the internal data bus and
transferred to the Acc. Occurs when JCODD is
detected by software
READY Floppy disk ready (see JRDY) | Disk interface U56 pin 3 Causes jump instruction (see JNRDY)
JF pin 29

Signals - 4
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Signal Tables

Mnemonics

Signal name

Source

Destination/s

Effect of signal

REGCL

Register clock

R/W logic
062 pin 16

U562 pin 11
U562 pin 13

Clocks data and clock alternately every 2us
when writing on to disk. R/W counter produces
pulses every 2us by counting SYSCL puises
from 6 to 15 cyclically.

UGS pin 11 (;I'PS)

Sets JCODD on the next SYSCL following the
SYSCL which caused the counter to output
(pin 15) after receiving 8 clock pulses when
reading

Ue6 pin 4

Produces CRCE clock pulse when writing.
Inhibited on alternate pulses by WDSEL, to
clock only at 4us intervais

Register clock

R/W logic
UB3 pin 2

Ub4 pin 2

‘When writing, clocks 16 pulses into

counter to indicate that 1 byte of WRITE
information has been written (1 byte MODE
=8 CKS + 8 DATA)

U486 pin 11
UBO pin 11

After 8 clock puises (1 byte), clocks

the serial clocks/data from the READ
serial read to the parallel read MODE
registers

U47 pin 2
U48 pin 2

When writing, clocks the previously

loaded parallel data, serially out of

the write clock and data registers. WRITE
Clocks out every 4us since WDSEL MODE
alternately inhibits the REGCL

{from U54) :

Ue5 pin 3

Sets the SELDT bistable when AM is READ
detected when reading. Disabled by MODE
WMODE when writing

RESCN

Reset counter

Read decoder
U7 pin 7

U59 pins 9, 10

After the start of CLOCM pulses this signal
resets |D counter to zero after nominally
8 SYSCL except when a clock pulse fails
to appear in sync mode and clock mode.
(Start of ID detection or possible JTERR).

RESDI

Reset data input

R1/R2 decoder
U38 pin 9

U12 pin 12

Resets the input address register ABO-2 from
computer. Results from JCOLD or JINLD
instructing program to set busy status and reset
input. Byte 2 in GENCL organises status
transfer and reset signals

TDV 2114
1426 -10-76

RESJC

Reset JCODD

R1/R2 decoder
U38 pin 11

Ue86 pin 10

Resets JCODD immediately the software
detects that JCODD has been set. Occurs after
each JPULS during synchronisation, on
detection of AM byte and after each byte
read or written

RESTF

Reset status flip-flop

JCODD logic
U66 pin 8

U656 pin 13

Produced by RESJC to reset the JCODD
bistable

U58 pin 1

Resets JPULS until SYNCR is established and
thereafter each time JCODD is detected.
Setting or resetting the JPULS after SYNCR
has no significance and is ignored by the
software

RWCLR

Read/write clear

R/W logic
U63 pin 3

U64 pin 1

Occurs when write mode is initiated from a
JCODD count after the 11th byte following
the header and at the start of the 6 byte syncr.
gap. Also occurs for synch. fault or any read
fault

U62 pin 1
U6s pin 1
U886 pin 9

Resets bistables in RDATA logic, R clock
logic, REGCL line and RDATC logic.
Resets JCODD and SELDT bistables and
JPULS via RESTF

2BYTE

Second byte

Instruction decoder
U33 pin 1

U72 pin 14

Decoded when an m.p. instruction code
requires data or address information to be
transferred on the internal data and address
busses

U74 pin 1

Inversion to U75 pin 13 input to allow ‘toggle’
or ‘no-change’ of bistable :

U756 pin 12

With output of U75, inhibits the IRENB
signals during 2 byte operation

7 CENB

Seven count enable

Mode decoder
U498 pin &

U64 pin 3

Initiated by software when the JCODD is set
by the REGCL which resets the R/W counter
to count in the 2nd byte of the CRC control
byte. The R/W counter is preset to 1001(9).
After 7 more RDATC puises the REGCL is
sat and sets JCODD which informs the
software that the complete CRC control word
has been clocked into the CRC checker.

Signals - 5




Signal Tables

Mnemonics | Signal name Source Destination/s Effect of signal
SEBEN Scratch pad- and E-registers instruction decoder U18pins 1,2 Enables the instruction selection register to
enable U33pin3 address the S register, for single bytes only,
during E to S transfers of disk commands and
initial addressing
SEBEN Scratch pad- and E-registers Instruction decoder U28 pin 1 Allows add. and data from E reg. to be clocked
enable : U77pin8 in S. register (SEL bit 4 = 0)
U8 pin 1 Enables E reg. contents to be placed on to
internal data bus for transfer to S reg.
U11pin 1 Enables E reg. (ADDRESS) contents to be
placed on int. add. bus to S reg.
SELBO Instruction selection register Instruction selection U44 pin 16 Part of address selection CO - C3 for jump
bit 0 register instructions
Ui8pin3 i
U39 pin 1 Part of input selection for output decoder
U38 pin 2 Part of input selection for input decoder
U21 pin 3 Part of address selection for S register
U35 pin 3
SELB3 !I)rim:;uction selection register Instruction selection U33 pin 14 Part of instruction decoder
t e 6 U44 pin 11 as bit 0 (pin 15)
U27 pin 6 Part of input selection for output decoder and
U40 pin 9 GENCL logic
U21 pin 6 As bit 0 (pin 3)
U35pin 6
SELB 4 Ir_\struction selection register Instruction selection U33 pin 13 ‘As bit 3
bit 4 rJggt;:'“ 9 U765 pin 2 Part of input to output decoder and selection
) of GENCL logic
U38 pin 3 As bit 0 (pin 2)
U27 pins 9, 2 Selects either write ov read enabling signals
for the S register
SELB 1,2 'l)ri\str:‘ctngt; selection register Instruction selection U44 pins 14, 13 As bit 0 (pin 15)
ts 1 an register . .
U18 pins 4, 6 U39 pins 2, 3 As bit 0 (pin 1)
U21 pins 4,5 As bit 0 (pin 3)
U35 pins 4, 6
SELDT Select data Read logic U60 pin 13 Set high by REGCL on detection of the AM
UG5 pin 6 (110) at the start of the read cycle. Stays high
during the read mode
SELDT Select data Read logic U67 pin & Low when reading. Preset to low when in
U65 pin 6 WMODE to allow WSEL to inhibit alternate
REGCL to CRC generator
is high before the first REGCL is set by the
AM, therefore with this REGCL, allows the
first AM bit to be clocked into CRC. This is
the only time U67 is used to clock CRC during
read operation
SPRCS Scratch pad register clock Scratch pad logic U21 pin 2 Enables the scratch pad register (S) when
enable U28 pin 11 U35 pin 2 either read or write are selected. {Chip enable
signal CE)
SPROE Scratch pad register output Scratch pad logic U28 pin 13 Produces the SPRCS signal for the scratch pad
enable U27 pin 8 read operation
U42 pins 1, 19 Enables and inverts the scratch pad outputs on
to the internal data bus
SPRWE Scratch pad register write Scratch pad logic U21 pin 3 Enables the scratch pad register (S) to write
enable U41 pin 8 U35 pin 3 in data. The SPRCS signal is also required for
complete operation
J SRCLK Serial register clock Read decoder U41 pin 12 Produces a low pulse for every read pulse after
UG7 pin 6 the CLOCK MODE is established. Also
produces low pulse during and for the detection
of the 1D MODE. Provides a continuous read
clock pulse for subsequent read logic.
SYNCR Synchronize Mode glecodor US7 pin 13 After 16 counts by software of JPULS after
U49 pin 19 CLOCM is established, and no JREST, the
SYNCR signal on DB7 is clocked by COMCL.
US9 pin 1 The SYNCR signal input into the read
U73 pin 1 decoder US7 modifies the programmed matrix
U43 pins 1, 16 to allow the read logic to detect the IDMOD.
U45pin 9 The SYNCR signal inputs to the read data
US1 pin 9 and clock register S and gates are enabling
U60 pin 2 levels which aliow the read mode to continue
SYSCL System clock Oscillator All logic Supplies 50ns negative going pulses every
-U70pin 8 200ns from a Xtal controlled oscillator circuit.
The SYSCL puises provide the time clock for
the floppy disk logic.

Signals - 6
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Signal Tables

Mnemonics | Signal name

Source

Destination/s

Effect of signal

2.8YSCL 2 x System clock

Oscillator
U70 pin 11

U77 pin 1
U70 pin 10

Supplies 50ns pulses every 100ns, (puise width
ratio 1:1) feeding a -2 and gating circuit to
produce the SYSCL time clock pulses

U76 pin 12

Clocks in RDATA from disk and combines
with the SYSCL to produce a standard 200ns
data read pulse. This input circuit ensures that
very short ahd also very long incoming disk
pulse can be standardised. i.e. pulses

200ns and 2> 200ns are held to 200ns.

TRACK 00 | Floppy disk on track 00
{see JTRCO)

Disk interface
JF pin 9

U6 pin 5

Produces jump instruction JNTRO when disk
electronics detects that the head is not on
track 00

WCREN Write clock register enable

Output decoder
U39pin 7

U48 pin 1

Loads parallel data into write clock register
(internal bus DBO-7) from Acc. or memory
(2 byte operation)

WDATA Write data

Disk interface
U36 pin 9

JFpin 13

Transfers write data and write clock pulses to
the disk head

WDREN Write data register enable

Output decoder
U39 pin 9

U47 pin 1

Loads parallel data into write data register
{internal bus DBO-7) from Acc. or memory
(2 byte operation)

WDSEL Write data select

Write byte counter
U54 pin 14

U52 pin 12
U5B3 pin 3

The I.s.b. from the write byte counter to
produce a pulse of 2 x REGCL.

Is inverted to produce WDSEL and when
anded with the REGCL causes an alternate
clocking/enabling of clock and data pulses
through U52.

U67 pin 4

Produces CRCE clock pulises every 4us by .
anding with REGCL for loading write data
pulses into the CRCE generator

WDSEL Write data select

Write byte counter
Ub3 pin 4

U52 pin 10

As described for WDSEL and forms a 4us 1:1
pulse width ratio

U47 pin 15
uU48 pin 15

with REGCL, clocks out serial data and clock
bits from the write registers for transfer to
disk

WMODE Write mode

R/W mode decoder
U63 pin 11

U10 pin 6

Write mode is initiated by software after
reading the last byte of 11 in gap 2 of the
header

U63 pin 4

Enables the R/W counter through the write
mode operation.

U63 pin 2

Produces the R/W CLEAR signal to reset
the R/W logic at start of write mode as
determined by software and hardware errors.

U64 pins 4,5

Presets the R/W counter to 6 (0110) at each
load pulse to produce REGCL pulses of
200ns at 2us intervals

Ub4 pin 1

Enables the write byte counter

U66 pin 13

Enables write clock pulses to be gated from
the register to produce CDATA signal

U77 pin 9

Presets the SELDT signal low to allow WDSEL
and REGCL signals to produce the CRC clock
pulse

U14 pin4

Enables main memory transfer to floppy disk
when DMA pulse is granted. Produces

WMODE | Write mode

R/W mode decoder
U77 pin 8

U65 pin 4

As WMODE on U77 pin 9

U14 pin 10

Enables floppy disk transfer to main memory
when DMA pulse is granted. Produces MW

U14 pin 12

With GRANT, enables the data output register

WMOD 1 Write mode 1

R/W mode decoer
U49 pin 16

U63 pin 12

Maintains WMODE and WDATA signals during
the end of block writing and start of CRC 2
write bytes

U66 pin 2

Enables the gate to write the CRC data bytes
at end of data block

U67 pin 2

Presets CRC generator at the start of the write
data block

U69 pin 2

When WMOD?2 is high at the end of the write
data block, a low is placed (from U69 pin 3)
to the CRC check word enable input. The
check word is gated out of CRC via pin 12

WMOD 2 | Write mode 2

R/W mode decoder
U5B3 pin 12

US2 pin 4

Enables the gate to write the data bits of the
check word from the CRC generator at the end
of the write data block

U69 pin 1

Enables CRC output when it goes high at end
of data block

WRTPT Floppy disk write protected

(see INWPT)

Disk interface
JF pin 7

U56 pin 11

Produces jump instruction JNWPT when
diskette/electronics detects ‘not write protected’

Signals - 7




TOV 2114
1426-10-78

INPUT/OUTPUT CONTROL

Page
Controller Board Functions 2
Input/OQutput Functions 3
Scratch Pad Locations 4
1O Block Diagram 5
Circuit Description 6
Controlled Transfer Waveforms 7
DMA Waveforms 8
Circuit Diagram 9

1/0 Hardware



TOV 2114

1426 -10- 76

HARDWARE

{nput/Output Control

The input/output logic operates in 2 modes,

(a) the controlled transter mode (I/O mode), and
(b) the direct memory access mode (DMA),

The controlled transfer mode is responsible for

(a) Setting up instructions, i.e. drive, sector etc.,

(b)Y Function commands, i.e, write data etc.,

(¢} Status register information, i.e. ready, busy etc.

The direct memory access mode is responsible for

(a} Transferring data blocks from the main
computer memory to the diskette (write mode)

(b) Transferring data blocks from the diskette to
the main computer memory (read mode)

The basic difference between the two modes is that
the main computer program controls the sequence
and timtng for the controlled transfers, whereas, in
the DMA mode, all control is between the input/
output logic and the main memory, with no main
program interference. The main computer is kept
in a waiting mode each time a DMA transfer takes
place.

The input/output control logic responds to the
appropriate interface signals but they alone cannot
organise the {low across the interface. The processor
program provides the enabling and clocking signals
for the input and output registers in response to
jump instruction signals. These signals are JINLD
and JCOLD for controlled transfers and JDATRQ
for DMA transfers.

Simplified input/output functions are shown in
Tables 1 and 2 with Table 3, scratch pad locations,
included for completeness.

The description of each type of transfer should be
read in conjunction with its waveform. Table 2
should provide the most useful reference of the
three tables.

The diskette storage drive interface signals are
described fully in the Diskette Storage Drive,
Original Equipment Manufacturer’s Manual.

The input/output instruction and command address
formats are given in the Software section of this
Controller Manual.

Hardware 1/0- 1
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Scratch Pad Register Locations

Location

Contents

80:

Drive Address
Data during write operation

81

Relative track Address
Direction of head movement

82:

Sector Address

53:

The most significant byte of the main
memory address

54

The least significant byte of the main
memory address

56

Block length
Clock data during write format operation

This register contains information to let the
software know if the correct header has
been read during a read data field operation

57:

Command register

Device No., step direction, step pulse

S9
SA

Caunters to count the number of sync. errors
and retries. Only 59 is employed with read
operation between header and main block.
SA is also employed as a general purpose
register.

SB:

Counts missing sectors etc. Also employed
during seek/recalibrate and write format
operation

5C:

Contains the block length in steps of 128.
{0- 128, 1 =256, 3=512)

SD:

Storage tor counting index-strobes. Also
employed as a general storage register during
write operation

SE :

Contains the correct header to be written

SF :

Contains the information which is going to
be sent to the status register

Hardware 1/0-4
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D! REC‘!" MEMORY ACCESS TRE
READ MODE (Waveform 4} ~
The read mode is when datais read om the dnskene ahd written into the main computer memory. :
‘A'DMA request cocurs when data in the dats output register is ready 10 be written to the main memory location,
-siready specified by the address high and low registér bytes,

The processor program transfers these high and low addresses from the S register via the accumulator and into the

high and Jow address registers. The address bytes are then incremented by the accumulator and set back into the
S register for the next DMA request, Data read from the dlskette is transferred from the read logic, into the
processor and clocked intothe data output register.

A.geneéral clogk instruction is then generated in the processor and sets bit 3 onthe internal data bus into the data

recuest ftip-flop, which then generates the low interface signal DR2. A second flip-flop sets jump instruction

JDATRQ to inform the processor software that a data request has been made. The mad logic can then contmue

knowing that the existing data byte will be cleared from the output register. .. B

The computer acknowledges DR2 by sending the GRANT? signal ‘which, {a) places the high and low address on
- to the address bus, (b} produces the !ow agnal ENOS hich places the data on to the data bus, and finalty,

: ; signal low, wh:ch thh the GRANT signal, produces
the memorv write. mterfaca s;gnai MW. This low stgnai aliows the data to be written into the main memory
location. |
The mterface srgnals. GRANT and D‘MAPLS are aummama!iv reset In'a time 10 génsure that writing to the main
memary is complete. When these signals: are reset, the MW and ENOSY signals are also veset. The DMA transfer is
then complet;e anda furthnr. ransfer t up for the next data byte read from the diskette.

INSTRUCTlONS {Waveform 1 COMMANDS (Waveform 2}

WRITE MODE (Waveform 5)
The write mode is when data is read from the main computer
The DMA request occurs when the processor program is ready
location, already specified by the address high and fow registe
processor each time a data transfer takes place so that a new !
byte until the complete block is transferred. The start address
controlled transfer instructions and stored in the S register un
Then follows the same sequence 3s in the read mode when DF
required. The computer acknowkedges this'with the GRANT a
written to the diskette, the WMODE signal is high which gnat
produces interface signal MIN and the input register clock, IN
The tow MIN signal places data from the main memory jocati
on to the interface data bus. The'data is then clocked into the
the end of the DMA request. This occurs when the interface's
in a time to ensure that reading from the main memory is con
When the E register is loaded by INRCL, the +5 logic level on
and produces JINLD. The processor software then resets the |
the DMA transfer must be placed in address location 0 in the
processor and clocks the data into the S register to complete

STATUS TRANSFER‘(W

Any one of four diskettes can be selec&d by the main computer Each dcskette is

selected by addressing the drive fogic via the FD register.

The main computer program places the:instruction on the data bus and the
function code on the address-bus. interface signal: {OW is then set low for appro-
wfhcnent ume 1o clock the data and

ximately 500ns giving. the dec
address bits into the € register.
Address bits ABD - 7 {Hex. 30 df‘Mx

since JCOLD.is low {not a command) and 10W is Tow.

The input register clocking signal, INCRL, clocks in the data and address bits to
"the E register where they are held untif the processor transfers the information

to the scratch pad {S) register.

A fixed voltage of +5 volts on the input of the E address register is not buffered,
and irynediately after INCRL,; sets the jump instruction flip-flop JINLD (input
loaded). The processor program-acknowiedges the mmp selector input JINLD and
produces the SEBEN signal, which enables the data in the £ register to be trans- -
ferred into the S register location, as specified by the E address, SELBO-2..

ress) are decoded viga pre-programmed o
read only memory and a series of ¢ gates 10 produce the iow going signal INRCL,

Commands to the diskette are given only when certain instruc-
tions-have already been carried out. The only exception to this

condition is the RECAL command which sets the track to zero.
~-The function code 37 is decoded from the address bus ABO - 7

.and initiates signals COMOR and the low clock puise INRCL.

~The command on the data bus is then ciocked into the E register

together with address bits ABO - 2 and command signal COMOR.
Both jump instruction flip-flops, JINLD and JCOLD are set,
which inform the processor software that a command has been
loaded into the E register. The processor then initiates SEBEN
and transfers the information to the S register for further
processor operations. The JCOLD signal is also fed to the input
of the interface decoding !ogic gate. The effect of JCOLD going
high is to inhibit the input register clocking signal INRCL. This
ensures that no further setting or resetting of JCOLD and
JHNLD could occur until after the command has been processed.
The reset data input signal, RESDI, is produced by the processor
program to clear the £ register and allow a further instruction or

The status byte is transfer
either an interrupt reques
or when demanded by the
the main computer can o
independent of the proce:
After each instruction or
ted by the processor prog
bus is set high and the ger
produces a low {REQB si¢
This signal remains low ul
computer with |ACKBG.

The main computer place
address bus ABO- 7 and s
The signals are decoded 1«
which loads the contents
data:bus. Prior to the dat:
the computer disables the

The drive address (or drive select} is located in address O-of the S register, a list
of the instruction and command locations in the scrat is gi i
register location table. &
‘When the information is in the scratch pad register the procas:or program transfers
it to the FD register via the internal'data bus and into the diskette control logic. A
reset data ipput signal, RESDI, is produced by the program to clear the E register
and allow a further input instruction or command to take place.

command to take place.

ADDRESS HIGH AND LOW REGISTERS

Transfers data to the main
computer memory during a
DMA Read mode.

Addresses the main computer memory during
DMA transfers

are I/O-6

OUTPUT DATA REGISTER

status has priority on inpt

STATUS AND INTERRUPT REGISTERS

The status register is an B-bit store containing the foliow
Bit 0 = Busy Bit 4 = Drive not ready
Bit 1 = Sector missing Bit 5= Non-valid cornms
Bit 2= CRC error .. " Bit 6:= Deleted record
Bit 3 = No address mark - .2 | Bit 7 = Operation comph
Each bit is set to logic 1 by ‘the processor prograny a5 an
occurs. When one or more bits are set, the processor alst
signal, The interrupt priority is level 6, therefore, being
interrupt may wait for at least 20ms before being servic
. ““When'both CRC Error and:No Addrass Mark are
error:during the read {or read before write} operation..
When both CRC Error and Sactor Missing are set the stz
error- during data transfer between the main computer a
(DMA operation).

INPUT / OUTPUT — Description



WRITE MODE (Waveform 5} :
The write mode is when data is read from the main computer and written on to the diskette.
The DMA request occurs when the processor program is ready 1o receive data from the main computer memory

y locatiaon, location, already specified by the address high and low register bytes. The addresses are incremented by the
processor each time a data transfer takes place so that a new jocation is sent to the computer mamory for every.

ind into the byte until the complete biock is transferred. The start addresses are initially sent 1o the processor dunng the

k into the controlled transfer instructions and stored in the S register until required for the DMA transfer.

o the Then follows the same sequence s in the read mode when DR2 informs the computer that 3 DMA reques‘t lS
required. The computer acknowkdges this'with the GRANT and DMAPLS interface signals. Since data is to be

to the data written to the diskette, the WMODE signal is high which gnables the"write fram rnam memory’’ gats. This gate

uction produces interface signal MIN and the input register tlock, INCRL.

continue The low MIN signat places data from the main‘memory location, specified by the high and low addrese regtsters"

; on to the interface data bus. The data is then clocked into the E vegister when the low INRCL signal is set high
ddresson . the end of the DMA request. This occurs when the interface signals GRANT and DMAPLS, are automatically:
inally, in a time to ensure that reading from the main memory is complete.

When the E register is loaded by INRCL, the +5 logic level on the E address register sets the i lnput !oeded ﬂ(p— top
produces and produces JINLD. The processor software then resets the £ address register ta zero, becauss input data during
nory the DMA transfer must be placed in address location 0 in the S register. The SEBEN pulse is.then set.low by the
processor and clocks the data into the S register to complete the DMA transfer. ’
> the main
 transfer is
aveform 2) STATUS TRANSFER (Wavetorm 3)
e diskette are given only when certain instruc- The status byte is transferred to the main computer when
y been carried out. The only exception to this either an interrupt request is set by the processor program
RECAL command which sets the track to zero. or when demanded by the main computer. A demand by
je 37 is decoded from the address bus ABO - 7 the main computer can occur at-any time and be qmte
als COMOR and the low clock putse INRCL. independent of the processor program.

n the data bus is then clocked into the E register After each instruction or comimand an interrupt is reque&
dress bits ABO - 2 and command signat COMOR. ted by the processor program. Bit 7 on the internal data

iction fiip-flops, JINLD and JCOLD are set, bus is set high and the general clock mode pulse GENCL

2 processor software that a command has been produces a low IREQG signal from the interrupt flip-flop.

- register. The processor then initiates SEBEN This signal remains low untit acknowledged by the mam

‘information to the S register for further computer with |ACK6. )

ions. The JCOLD signal is also fed to the input The main computer places the function code 37 on the " THE EXTERNAL (E) REG!STER B :
lecoding !ogic gate. The effect of JCOLD going address bus ABO - 7 and sets interface signal {OIN.low. .~ = .The.Eregister is formed using 3 ”pmm yeg.sm
the input register clocking signal INRCL. This The signals are decoded to produce the:low signal OSTEN The data register {UB) clocks in data from the
urther setting or resetting of JCOLD and which loads the contents of the status register on to the 5, wihtich is then held until.epabled on to the

ur until after the command has been processed. data bus: Prior to the data being clocked from. the register, ]nggmat data bus. The address register {U2)isa
put signal, RESDI, is produced by the processor the computer disables the data bus to ensure that the ; 'o‘ type register which clocks in the address and
the E register and atlow a further instruction or status-has priority oninput to'the computer. “is then ifimediately available at the register output.
e place. ' B However, the address is prevented from being

enabled on to the internal address bus by the

er register {U11). This buffer register
transfers the address bits when the ’data register is
enabled by §
The existence of the buffer register fU1 1) aMows i)
nd input loaded (+5V) signals fo be .
: clocked directly to:the jump instruction flip-flops.
:to:infarm the processor software that datahas
i been ioaded into.the E register, !

A REGISTER STATUS AND INTERRUPT REG!STERS H

. The status register is an B-bit store containing the foi]owmg information:
to the main Bit 0 = Busy Bit'4 = Drive not ready

ory during a Bit 1 = Sector missing Bit 5= Non-valid command
de. Bit 2 = CRC error . Bit6= Deleted record
Bit 3 = No address mark Bit 7.= Operation compieted

Each bit is set to logic 1 by the processor program as and when the errofr ar funcu
occurs. When one or more bits are set, the processor also sets the interrupt reques
signal. The interrupt priority is level §; therefore, being a: Tow. pﬂonty ratmg,_th
interrupt may wait for at least 20ms before being serviced, .
< . When both-CRC Error and No Addrass Mark are ser, the status i
error ‘during the read {or read before write) operation.. =
When both CRC Error and Sactor Missing are set the statis 16 deﬁnedas a ummg
error during data transfer between the main computer and tha d&sketto controﬂer
{DMA operamm)

INPUT / OUTPUT - Description
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Controlled transfer Waveform 1 Tramsfer instruction

Transter from computer to the boerd,
information about drive address (exampis}

DBO -7

Gan Data bus

UABO- 7
Universal Address bus

30

TOW sst low by main computer

| I
he— App. 500ns —a| Clocks in data and address bits (UABO - 2)

( into E Register
INRCL 1 (
COMOR

JCOLD

JINLD Aneutloads J —

Trangier deta from E to S register I_J\ Ciocks data
i o S Register
Ll

Reswt E Addrass register -
NOTE: Signeis SEBEN and RESDI sre
initiated by software

Controlled transfer Waveform 2 Transferring 2 Command

&0 (Write data fieid)

GEN Data bus

Universsl Addressbus . - ;-I 3737

oW Set low by main computer L J

clocks in data from bumes
INRCL 1 g

Com d loaded I—"—L
COMOR il

JCOLD Command loaded N 1
input Joaded

JNLD —= I |

STRER Transfer E to & register

“Bugy"" Set in Status register by software [
Reset E address register

RESDI) LI

Controlled transfer Waveform 3 Transferring Status

sats interrupt flip-flop

Resets the Interrupt flip-flop

JE
" _h

101N

GEN Deta bus

transfers status word to main computer dissbled by / DN
the computar

Hardware 1/O-7



DMA Transfer Waveform 4 Data from Diskette to Main Memory

AHREN — | — )
ALREN LI
DBREN LS Pr .
First dats byte > program
read from diskatts
GENCL L
data regquest 1o compuier
r
WMODE .. i Witeto - Resst sutomatically by
meamory 500ms the main computer
GRANT 2 J
DMAPLS L0
W J P
writing dats into memory
ENOSY 1 —
eneble data
1w bus
DMA Transfer Waveform 5 Main Memory to Diskette
AHREN —_|
ALREN LI
Byte 1 . Byte 2
GENCL LJ L

Write from main memory L Lasts for 500ns
GRANT 2 I L
DMAPLS 1 250ns I
ENOSY
MW
MIN Writing from memory
takes data from maln mamory snd
places it on the generad dats bus
INRCL
bt Data {sddress} is clocked into
Resets the E address register 3 L.sb. Input deta register
RESD! to ensura that data is set in location 0 of S ragister | ]
SEBEN ; 1 —
Transfers date from E to 5 register docks dets into
S register

Hardware , 1/0 -8

8L-01-92Zr1
FLIZ AQL



1426-02-79

U0 pin 13

u27 pin 10

U27 pin 12

U2? pin 9

INT SEL BUS 0-3

U2? pin 8

U28 pin 114

Waveform 1 2-Byts operation

U72 pin 14

U7s pin 11

Us3 pin 6

U72pin 9

SYSCL

2BYTE

IRENE

IRENB

MBUFF

1BYTE _,_ 2BYTE
| Dacoded instruction remains
S0ns for 2 periods
11
IR clockad
on this edge
normally low [

2 BYTE signal from {R decoder L

| B S Y

2BYTE FLIP-FLOP
LOGIC CIRCUIT

e Y

normatly low

normally high

normally high

data in second byte -~

clocked from memory
buffer to data bus

bufler

IR clocked IR clocked No clocking ol IR IR clocke
because (HENB is
high on U25 pin 12
Waveformy 2 Scratch Pad Clocking SCRATCH PAD REGISTER WAVEFORMS
(into and from register decoder gates}
2BYTE OPERATION
A
'd Y F
READ § -~ A WRITE M - § WRITE A
SYSCL = — 11— SYSCL R /U u U
IRENB OUTPUT
T L umspinio outroT —J — outeur —d L
data clocked from
AKKEN "—| |—) U7Z2pin9 MBLUFF —|_'— 25 pin 1 AKBFF
data Vd
; — data clocked
SELBIT 4 w U3lpin5 ENOMS - T frotrancA?c..

ELETE |

L
SELECT § REG - INTSEL BUSO0-3 SELECT 5 REG INTSELBUSO-3 SELECTS
e ————
TR T VRenn S ) TS TL_r
SPRCS U41pinB SPRWE 1J_ SPRWE
da . / dats clocked /
ta clocked from data clocked into S R
S Reg. vis output into S Reyg, %



FA
72
DA
E3
FA
FE
CA
9B
EB
72
CB
E3
FA
F9
CA
98

P Ud 31482
Zuid IFgNnNr
£ wd N3E3S
rud 1d41N0O
S uld AWONZ
YUld NINNY
Luid  L1NdNI
GuUid IJaNY

1
1

10001
10
10010
11010
11001
1011

11111010

1

11111

1
1001701
110001 1
11

1
11001011
1001

1

11111010
1

1110010
11011010

11101011

0
1
1
1
1

11001011
10011011

11

Ol uid £1194|
Li Vid 941961
ZL W4 SLi94)
£l uld L1184
Pl uld

0

1
1

1
1

00001
00010
00100
00101
00110
001t 11
1000
01001
01010
0101
1100
01101
11

0]
0
011
0

Tabie 1
iR Decoder Version &

[~}
2

0jlo0oo0o0oO
3100011

1
2
4
5
6
7
8
]

10

11

12

13

14

data clocked
from E Reg.

»~

WRITE E -+ §

SEBEN

SINGLE BYTE OPERATION
U33 pin 3

ion remains

IR ctocked

WRITE A » §

m IR decoder
f IR

B is
in 12

RMS

SEBEN

LF28 pin 3

SELECT 5 REG

ld

SEL BIT 4
from E Reg.
SPACS
SPRWE

ADDO-3

SELECT S REG

data clocked

tocked /u

Hardware Processor

into § Reg.



Table 2

Instruction Decoder

Table 3

Cutput Addresses

Operation Byte 1 Byte 2 IR Decoder Comments
Output
Operate M, A + A 00 ALUSEL |Data {2 BYTE), (ENOMB} | No clocking of acc.
(M7 — MO) Only 1 byte operation
when possible
Operate M, A - A 00 ALUSEL |Data AKKEN, Clocking of ace.
M7 — MO} {2 BYTE), (ENOMB! | Only 1 byte operation
when possible
Operate D, A + A 111 D4 + DO|XXALUSEL AKKEN, INPUT
2BYTE
Transfer M = D 110 D4 - DO|Data OUTPUT, 2BYTE
M7 — MO ENOMB
Transfer & -~ D 100 D4 ~ DO AKBFE, OUTPUT
Transfer E - S 1010X SEBEN
52 - 50
Jump {unicon. 1011 Jump Address | JUMPE, 2 BYTE
chtionally C3 — CO M7 — MO
Table &
Scratch Pad Function Signals - S-Register
Single Byte Operation 2-Byte Operation
Funcuon S Register 5 Register
Data From Enable/ From Enable/
Transfer IR Register CLK signal IR Register CLK signal
Accumulator QUTPUT SPRCS
e AKBFE SPRWE
S Register SELBITA {low)
Address bits,
SELBO-3
Memory 2BYTE SPRCS
s to OuTPUT SPAWE
= S Reagister ENOMB
= SELBITA (low)
Address bits,
SELBO-3
E Register SEBEN SEBEN
to SELBITA {low) | SPRCYS
S Register PRWE
Address bits
0-3from
E Register
S Register 2BYTE SPRCS
o o INPUT SFROE
< Accumufator AKKEN
g Address bits
SELBO-3

fardware

Processor - 6

COMCL | A -
COMCL | M -+
AHREN A+ A
AFREN | M - A
ALREN A+ A
ALREN | M - A
DBREN A - D
DBREN | M - D
CLSTR | A - St
CLSTR | M - Si
FDSEN | A - FI
FDSEN M - Fl
| WDREN | A - W
WOREN | M - W
[ WOREN | A - Wi
WCREN | M - W
A5
——
N TS
[ GENCL T A - G
GENCL M E

COMCL

7 6

SYNCR | Wrte | W
Data 1! Da
SYNCR |Wnte | W
Data 1| D:

GENCL

R2
R2




Tabie 3

Qutput Addresses (CPU -~ D)

Tabie 4

Input Addresses {D - CPU}

RCREN | Clock Register - A 1111 XX X0
RDREN | Data Read Reg + A 1111 XXX
54 A 1110 83525150
Table 5

Scratch Pad Register Locations

COMCL A -+ combined clock 10010000
COMCL | ™M -+ combined clock 11010000
AHREN | A - Address High Reg, 10010001
AHREN | M -+ Address High Req. 11010001
ALREN [ A - Address Low Reg. 10010010
ALREN | M -+ Address Low Reg. 11010010
DBREN A - Data Bus out Regq. 10010011
DBEREN | M - Data Bus out Reg. 11010011
CLSTR | A - Status Reg. 10010100
| CLSTR M - Status Reg. 110103100
FDSEN A - Floppy Select + current Reg. 10010101
FDSEN | M - Floppy Select + current Reg. 11010101
WDREN | A - Write Data Reg. 10010110
WDREN | M - Write Data Reg. 11010110
WDREN | A -+ Write Clock Reg. 10010111
WCREN | M - Write Clock Reg. 11010111
A -5 T T 10005,5,5,,
N "_NI NS 1100855,5,5¢
{(E - S) 1010X8,5,Sq
GENCL A - General clock 10011 X XX
GENCL M - General clock 11011 XXX
CoOMCL Byte 2
7 6 5 4 3 2 1 0
SYNCR  Write | Write | Read | Read |PSEL2 | 7CENB ; PSEL1
Data 1 }Data 2 {Data 1 |Data 2 | .
SYNCR | Write | Write | Read | Read |PSEL2 | 7CENR { PSEL1
[ata Il Data 2 | Data 1 { Data 2 !'
GENCL
R2 set R1 Int
DR Reg
R7 set R1 Int
DR Reg

Location Contents

S0 Drive Address
Data during write operation

S1: Relative track Address
Direction of head movement

s2- Sector Address

83 The most significant byte of the main
memory address

S4 The least significant byte of the main
memory address

55 Biock length
Clock data during write format operation

S6 - This register contains information to let the
software know if the correct header has
been read during a read data field operation

S7: Command register

S8 - Device No., step direction, step pulse

59 Counters to count the number of sync. errors

& and retries, Only 59 is employed with read

SA . operation between header and main block.
SA is also employed as a general purpose
register.

SB : Counts missing sectors etc. Also employed
during seek/recalibrate and write format
operation

SC: Contains the block length in steps of 128.
{0=128,1=256,3=512}

SD - Storage for counting index-strobes. Also
empioyed as a general storage register during
write operation

SE: Contains the correct header to be written

SF - Contains the information which is going to

be sent 10 the status register
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TDV X114

HARDWARE

Read Mode

The diskette is set to the read mode after a sequence
of instructions and commands have been carried out
between the controller and the main computer. The
sequence selects the drive, sets the recording head

to the correct track, informs the program which
part of the track is to be read and where the infor-
mation is to be stored in the main computer.

Raw data is read from the diskette when the head
is loaded and the Write Gate (J1 - 11) is at a high
level. The program then enters the read synchroni-
sing mode and all subsequent actions are mainly
software controlled.

The read sequence is described briefly in the
following flow schematic and can also be identified
by referring to the block descriptions of the logic
diagrams.

The header format in the following diagram shows
the read mode sequence as it occurs on the track,

The signals shown on the read mode block diagram
are those which are associated with the main
functions and sequences and can be easily identified
in the text and on the logic diagram.

The block layout conforms approximately to the
position of the logic gates and registers on the logic
diagram.

Seandardise to Synchronies on detection
Raw dats Detact clock mode in
from disc correct pulse width J—P{ the 6 byte synchronising }—— of clock mocs and clock
on /5 and gynchronise 9ap. Clocks FF, Dats 00 pulse pattern. {Softwere
with system clock controlled courter
Set data into CRC
Separste 1D Mode { Header) 1D Mode {Data) Resd dets
clocks Detacts sddress marker in » Detects address ot
and data » identification field, {Software marker which defines Timing error resets
bits checks correct header pattern) type of data block system if clock pattern
fails after 1D Mode
Transfer data and clock . DMA Command to
bytes to sccumulator ! Trenster data bytes to transfer data to main
{Scftware counts data data output register memory {Software
block} : orgenised}
CRC check at end of End of resd
deta block. If error is logic snd .m“
detected, the main start of MO new command
computer is informed logic
READ SEQUENCE SCHEMATIC

Hardware Read-1



Typical Sector Track Format

A
Ve
Sync AM iD CRC Delay Sync AM Data CRC
Gap ID Fleid Gap Data Biock
Synchronising gap Detects
10 detect clock mode 1st 1D Mode
r A‘ﬁ r H
End of Sync Gap Address iD Fisld CRC Delay Gap Sync Gap
Sector & bytes Marker 4 bytas:- Control 11 bytes G bytes
27 Clock FF 1 byte Teack No. 2 bytes Clock FF Clock FF
by tes Data 00 Clock C7 Head No. Data Data 00
Dets FE Sector No. sither 00 o —
—_— Biock langth or FF
\ I J
h v
Address marker and LUsad by softwars
identification field for nacsssary delay
and chacking
Detocts
2nd 10 Mode
Address Marker
. to define type
of data block
Address Data block CRC Start of Sync Gap
Marker 128 bytes 2 bytes next 6 bytes -
preceding Clock FF Sector Clock FF
data block —_— Data 00
—— 1 bvt.
Clock C7 27 tytes
Data FB Clock FF
or FB Deta 00
or FF

Hardware Read-2

TRACK FORMAT

oL -0t -9Zyi
FLiZ AQL
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Standard Read

S —
- Pulses of 200 ns
Raw Data from ‘ SR
Diskette J1/5
(-_..__ READ DATA ¢ crooM < READ MODE ; cl
TIMING DECODER —7
RDATA 1DMOD Y |7
»
SYNCR |
CLO
_ > —
2.8YSCL SYSCL ‘
First Data Pulse T '
pisct ) :
; gﬁESTA'- osc SYsCL FIRST DATA CLOCK MOI
. ULSE F COUNTER
’ %YSTEM_ cLock 60 ns Pulse of I
EXCLK ' 200 ns Period |
Distributed I 1
throughout
Control Logic
ID MOD FF \ 0 1D}
IDENTIFICATION
cLocm =<2 (ID) MODE
COUNTER/DECODER
© »
3 TIMING ERROR ]
o DETECTION '_O ITERR
§ L .
g >
Shift SERIAL—PARALLEL Bit7 (1)
CLOCK BIT >
ADDRESS
l_ SRLCK CLOCK REGISTER Bit6 (1) MARKER !
FF Bit5 (0) DECODER
<9 J (R
SRLCK READ CLOCK SELDT
REGISTER Clock {
e
CLKBT 8 Bits
READ DATA
P . CLOCKING AND
> READ/WRITE CLEAR |
\»— \—— SERIAL-PARALLEL L .
; DATA BIT RDATC
DATA Shit o 1 REGISTER
> >~ )
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GENERATOR (Waveform 3 i

. : e generator is a counter, which will only give an output
{CLOCM) when it is clocked by 15 consecutive SYSCL pulses. Atter
_ the first read data pulse from the diskette, it is necessary to detsct a
. pattern of clock pulses occuirring at 4us intervals with no data pulses
_present. This pattern is the synchronising gap ahead of the track
: ' ogic.. _ : h‘eaden and data b!bgl:c; and is 'thds onlly pattern whifcté I‘.N(i)"c :ll‘lowl the
1 Anifia s j ; ; g va bt impeds : clock mode counter the time to develop a stream o pulses.
Line tem:;n: i;?: mi{g;i g: Q?Y;:;nmgtﬁelg g: :f:g: zﬁ::k“;:?s:?r " ,. .m:c-o matchmg When 16 consecutivg CI:.OCN} pulses are detected {controlied by
X : ey ke 76 pinTandisa 200hs period spftmre), synchronisation will follow. .
‘enabled ahead of the SYSCL - The waveform diagrams show the development of the CLOCM pulse in
The buffer signal also remaing .~ 3stagesasfollows: = ; o L R
 allow the cantents placed on the .. 8) the premature resetting of the counter when read information pulses
' b T ; oceur at 2us intervals.
: b} the production of a CLOCM pulse when read information pulses
occur at 4us intervals, -
¢). the pattern of read clock pulses and CLLOCM pulses necessary for
. synchronisation. :
After the first data pulse, the output from U72 pin 6 remains high :
during the read opération to maintain the counter U71.in the enabled
~state. The CLOKE signal from the read mode decoder prevents the
o i counter from recycling ta zero after the CLOCM
pulse occurs. The next read information clock pulse
:praduces the preset load signal on pin 9 of the
counter which sets the counter to binary 1 and
allows the sequence to continue as shown in
- waveform diagram (stage b).
: The CLOCM pulse width is approximately 1us,
but during the detection of an address marker in
the identification mode the CLOCM pulse width
will increase due to the absence of aclock pulse.

' two circuitprovide the clock timing
SYSCL) are approximately 80ns

ic.

 IDENTIFICATION (Waveform 5)
D MODE)

IMING ERROR (Waveform 6)

 SERIAL CLOCK PULSE (SRCLK)

For every information clock bit, a serial clock input pulse SEMIALTOPARALLEL CLOCK REGISTER (Waveform 7). _ ‘
is generated from the function decoder. The only excep- : T)]e g:logk bit register is a serial bit input shift register to an 8 bit parallel output register. Serial
© tion is when reading the address marker when the serial _shifting is controlled by the SRCLK and CLKBT input signals whilst the output is available at
 clock will occur with the data bits for as long as the 1D alt times and called for when the register is full. When the register is full, but the information is
' Mods. signal stays high. (Fiihctionbo‘de,%l. e . not required, the data is overwritten and ignored.
- ‘When the serial clock pulse is low and the SYSCL pulse =~ The outputs taken from the three most significant bits are used for address marker decoding.

goes low a clock puise is generated to clock the serial input ADDRESS MARKER DECODER (Waveform 7)

: :gg:ef';s‘p;m; sf’g:“:‘s': ;]sge:;‘:i:;‘::;‘?:fg’;? sge gemﬂ ‘By referring to diagrams in the Read Mode Logic introduction, it is shown that four types of
: céunting Jogic B e e : e : a«;idress marker can occur before reading data. These can be in the identification header field,

i H G ~ before the data block and also for an index mark.
The clock codes used are all identical an the three most significant bits, i.e. 110. This pattern is
used to detect ail address markers.
The waveform diagram shows the address marker code C7, FE being stepped through the clock
and data serial registers. The ID Mode signat goes high after the first missing clock pulse, as
described in the ID Mode counter circuit, and is reset at the next valid clock pulse; but the
, ) address marker code is not detected until the whole byte is loaded into the register.

i : After synchronisation, the serial read logic is enabled and is ready to decode an address
?5,“35”3;%iﬁ?ﬁﬂfﬁﬁn‘ﬁ?ﬁ?ﬂ"oﬁ"ﬁa"’ i is marker. The first clock byte which is loaded into the serial clock register and holds this
producerr}l from 15y resd rnode decoder. The onl pexc . pattern causes the output of the A.M. decoder gate to go high. The logic O on bit 5 in the

L tion to this is Buting 4 elock 1 ode (GLb CM oul!e} ore:n register is anded with the decoder output gate to provide the first load pulse into the Read/

. Identification mode (IDMOD puise). The DATAB pulse write counter and also establish the first REGCL signal.
. sets the data flip-flop when the CLKBT signal is high. )
. The inverters between the data flip-flop and the serial-parallel data bit register provide a delay so that the READ DATA CLOCKING (Waveform 8)
. data from the fiip-flop output is held high long enough on the register input to ensure being clocked into The data byte of the address marker is the first
 the register by the serial clock pulse. ; i ; byte of information which is read into the CRC
The data bits are clocked serially into the register and after synchronisation and 1D Mode detection the generator. This byte and all subsequent bytes are
m.s.b., DATOP, is continuously carried from the register and clocked into the CRC generator by RDATC. ‘read seriaily into the CRC until the point is
The read/write counter produces a REGCL pulse after every 8 bits of data read, i.e. each time a byte has reached when the software checks for a CRC
filled up the register. The data byte is then clocked into the read data register and waits for the software, error. This occurs at the end of the identification
via JCODD, tguinitiate the read data enable signal. Each byte is transferred to the accumulator on the field .and at the end of the read data block.
internal data bus. X ;
Software instructions continue 10 operate on the data byte, transferring each byte from the accumulator . Z:; 'S{f'?égftgf ‘tsa g,galga ;2 t':: ée';lgll parallel
to the data output register and then to the main computer. The flow of data to.the main computer is gene’ramr when the 1st REGGL occurs, which is
described in the Input/Output control logic. . - . g approximately 200ns before the SELDT signal
Each byte read from the diskette is counted by the software in the processor which records the number cf 0es true, as shown in the waveform diagram. The
_ times that JCODD is set. In the data block a total byte count of 128 is required and is then followed by gext bit of data {bit 6) and subsequent bits i
2 CRC bytes. The software automatically detects, by reading the header bytes, if a biock contains 128, having been shifted serially by new data ent'ering
256 or 512 bytes of data. A block length of 128 is the normal requirement. ’ the register, are clocked into the CRC generator
When the last bit in the CRC byte is clocked into the generator, the software tests for a read error with by the read data clock si gnal (RDATC)
_jump instruction signal JCRCE. If the jump instruction signal is high, the main computer is informed via The RDATC pulse occ o : ’F ; lock pul
. the status word and the read function can be repeated, This is accomplished by a new read command from aftor the SELpDTs:ignaiu;z:s hiv:h%:a;fe ?npu : g;’ .
| e maig competer, ‘ . ' L | theselect data gate. .

CLOCK BIT PULSE (Waveform 1:*

Hardware Read-4 ‘ READ MODE - Description
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) MODE — Description

. instruction code table. Bit 7 is latched in the
- function mode latch U49 pins 18 and 19.

. The waveform diagram shows the
.. ditions for synchronisation 10 occu

. For the read.operation to continue cor

ronisation gap

sy
shown in hexadeccmat ‘notation DO in the mp

point when the first CLOCM pulse is established
is the time when the software, in conjunction
with the read mode decoder, enter the synch-
ronisation mode.

is‘necessary to read the track header and ide
the address marker by entering the identifica)
mode. As can be seen from the header forma
this mode follows immediately after the

ITEMS MARKED
ON FACING PAGE

REGISTER CLOCK (REGCL] (Waveform ; e
The first REGCL signal is used to'inform the software program thatan
address marker has been loaded into the clock and data registers and that
this information is to be transferred to the processor and then to.the main.
computer. This action is initiated by the jump instruction flip-flop JCODD

The REGCL signal is inverted and performs the foi,_ ow;ng functions to atl

the software to operate on the read fogic.

a) - Clocks the address marker clock and data bvtes in the serial/paratiel
registers to the read clock and-data registers.

b} Sets the select data flip-flop to produce the SELDT signal which then
remains high during the read mode and enables the select data clock =
gate. The output from this gate is used to clock the read/write counter
and the CRC generator.

The first REGCL pulse which sets JCODD is aiso fed to.the CRC clocking .

logic. At this time only, is the REGCL used for clocking the CRC during

the read mode. .

The two flip-fiops in the line between the readfwrnte counter load gate and

the REGCL signal are used to delay the REGCL. signal to change the write

data puise from 200ns to 400ns. This may be necessary with diskette drives
from some manufacturers. An OR- gate wm also be required in the circuit
madification. :

READ/WRlTE COUNTER (Waveform 8) . .
The pulse produced from the decoder output gate un detectwn of an address marker loads (presets)
the read/write counter to binary 8, since the signals WMODE and 7CENB are low and DATEN is high.
The counter is then incremented by 1 on each successive read data clock pulse (RDATC) up to a count
of 15, The carry out pulse from the counter :s fed back to load (preset} the counter back to binary 8
and also produce a REGCL pulse.
At this point, a completely new byte has been read into the clock and data mraai/paraﬂel registers, and
also the previous AM data byte has been clocked serially out of the register and into the CRC generator.
The REGCL pulse again sets the jump instruction fip-flop JCODD. The software detects this
condition, resets the flip-flop and transfers the data byte from the read register to the processor and
then to the main computer. When reading an address marker, both the clock and data bytes are
transferred to the main computer. When reading the data block only the data bytes are transferred,
(software controtled).
The signal 7CENB is set high- when reading the second CRC byte after the data block. The counter is
preset to binary 9 (1001) which allows only seven counts to be made before the carry out signal
initiates REGCL. Only seven counts are required to clock out the last byte in the serial/parallel data
Lsguster, since the m.s.b. has already been clocked into the CRC on the last clock pulse.in the previous
yte.
If the binary counter is not preset to binary 9, an extra clock pulse would insert an unwanted bit into
the CRC generator. The REGCL and there'fam JCODD would be delayed by one clock pulse causing
both hardware and software errors to occur,

CRC GENERATOR AND CHECKER“(Wavo'foﬁ‘?s'S)‘”*» : G

9L-01 -9zZvlL
vitzaalr
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IDENTIFICATION MODE (Waveform 5)

- There are two identification modes which occur during a read mode, firstly, the header address marker in the

1D field and secondly, the data definition address marker preceding the data block. An index address marker also produces an
1D Mode but is ignored by software. The address markers producing an ID Mode are shown and defined in the waveform diagram.
The bit pattern of an address marker is arranged so that the D Mode signal from the 1D flip-flop will go high when the first
information clock pulse is missing and be reset on the next clock pulse. In the waveform diagram it is shown that the clock
mode and synchronisation are both established. The ID Mode cannot occur during non-synchronisation because the flip-flop

is inhibited by the low SYNCR signal.

At the start of every clock mode pulse, the ID counter is clocked by the SYSCL and normally reaches a count of about 8 before
being reset by the information clock pulse. This resetting action can be verified by the read mode decoder function table, where
it can be seen that code 14 will reset the counter. If, however, the information clock pulse is missing, then the counter will
count to ten.

The binary code of ten (1010) is decoded by U60 and sets the |D Mode bistable U73. The bistable will remain set until reset by
the next clock pulse, (function table code 05).

At the same time that an |D Mode (address maker) is being detected by the ID counter, the bit pattern is also being read into
the serial to parallel read circuit. This sequence is described later and shows that the complete pattern must be read before the
address marker can be identified fully.

TIMING ERROR (Waveform 6)

A timing error occurs when two or more consecutive information pulses are missing, the first one being a missing clock pulse.

The effect of a missing clock pulse is to establish the ID Mode signal. However, because the next pulse is missing, the ID counter

will carry on counting until the carry out pulse from the counter sets the timing error detection flip-flop.

 The ID counter reset signal is a resuit of code 14 on the function table, but since the pulse is missing the reset signal stays high.
This allows the count to continue and also enables the timing error flip-flop to be set by the carry out signal.

The timing error gate is now enabled by a high from the flip-flop and a high from the counter which sets the timing error latch

and produces the timing error jump signal.

When a timing error occurs before the data block transfer has started, the software detects the jump instruction and resets the

whole read logic. A new read mode is then re-synchronised and starts to re-read the format. The first time the software tests

for a timing error is after the |D Mode has been set.

The signals responsible for resetting the read logic are DATEN and SYNCR, since without these, the read counters and flip-flops

cannot function.

The clock mode circuit is not reset after a timing error, nor is the oscillator circuit, since both of these are required for immed-

iate re-synchronisation. Only when the system is cleared by the CLEAR pulse are these circuits reset.

When the data block is being transferred, the software is checking at every byte for a timing error. If an error occurs, the soft-

ware will stop transferring data and reset the read logic with signals DATEN, SYNCR and RCMDIS. The software will then give

the correct status pattern (timing error) and wait for a new instruction.

CLOCK BIT PULSE (CLKBT) (Waveform 7)

For every information clock bit, a clock bit pulse is generated from the function decoder. The only exception is when reading the address
marker when the clock bit will not occur when the ID Mode signal is high. (Function code 94).

During normal data transfer, the clock bit signal is fed to the clock and data flip-flops preceding the serial-to-parallel clock and data
registers respectively. The CLKBT signal is used to clock in clock bits and reset the data flip flop. During the 1D Mode, the CLKBT pulse
is used to load zero's into the clock bit register.

The clock flip-flop is used to load the clock register but also as an extension to the register to provide the ‘Oth’ clock bit at the start of
the first valid data byte after synchronisation.

To ensure that a complete data byte is clocked into the serial/parallel register it is necessary for the serial clock input pulse to be one
system clock time ahead of the first data bit, that is, it takes 9 serial clock pulses to load the first 8 bits of data. This occurs at the start
of reading data, thereafter the last data bit of each byte is clocked into the register by the first clock pulse in the following information
byte.

By referring to the waveform diagram it can be seen that it is necessary to use the first clock pulse in the following byte of information
in order to fill the register completely.

On the waveform diagram, the first CLKBT signal is shown to set a logic 1 into the clock register, because the output of the clock
flip-flop is high and cannot change with a low CLKBT signal on both inputs, (Texas function table). At this point, the input to the

data serial register is low and is therefore clocked into the register.

CRC GENERATOR/CHECKER (Waveform 9)

The Cyclic Redundancy Check (CRC) Generator/Checker is a programmable device which operates on serial data streams and provides a
means of detecting transmission errors. To check an incoming message (reading) for errors, both the data and check bits are entered
serially via the D input. The read data signal is DATOP and is fed from the m.s.b. of the serial/parallel data bit register. The CRC checker
is not in the data path, but only monitors the data read from the diskette.

The CRC is preset before each check is made, this is during the synchronisation mode when DATEN is being pulsed and WMOD1 remains
low. Also during reading, the check word enable input (CWE) is high, since both WMOD1 and WMOD2 signals are low.

The data byte which forms part of the address marker is the first byte of data to be entered into the CRC. Data cannot be entered
before the address marker is detected because the REGCL and RDATC signals have not been produced. Both these signals are required
for clocking in data to the CRC. :

The m.s.b. of the AM data byte is clocked into the CRC when the first REGCL is produced. This first clock pulse to the CRC is
generated from the WRITE CRC CLOCK GATE and (1st BIT READ GATE). The SELDT signal on U67 pin 5 is still high, and with
REGCL, provides a clock pulse from the CRC CLOCK GATE. The data on the D input of the CRC is clocked in on the negative going
edge of the CRC clock pulse.

Referring to the waveform diagram, the SELDT signal on U67 pin 5 goes low immediately after the 1st REGCL and thereafter inhibits
CRC clocking via the write clock gate. It is from this point onward that RDATC is produced and is used to clock all subsequent bits of
data into the CRC via the read CRC clock flip-flop and CRC clock gate.

When the last bit of the second CRC byte is clocked into the checker, the JCODD signal, produced to indicate the end of the byte, is
detected (counted) by software and instructs the program to test for a CRC error. This error signal is jump instruction JCRCE which if
low indicates no error and if high indicates an error. The error signal (JCRCE) is normally high during the read function, but at the point
when tested, it must go low in the JCODD time to indicate that no error has occurred. The JCRCE signal is reset to high at the start of
each new read function or write function. -

When the JCRCE signal remains high at the test time, the software program inserts a logic 1 into bit 2 of the status register and sets the
Interrupt Request flip-flop. The main computer checks the status register at each input/output instruction and also as instructed by the
main program. On detection of an error, the processor program resets the whole read logic and the main computer program may either
accept the information and label"it as suspect or reject it and repeat the read function. The interrupt request signal is acknowledged and
status read according to the current priorities of the main computer program.

To ensure that the correct number of bytes (and bits) are entered into the CRC before an error check is made, the JCODD signal is
counted by software and the signal 7CENB is set by program at the correct time. The 7CENB signal is described in the read/write
counter and also shown in the CRC checking waveform diagram.

Hardware Read-5



S Waveform 1 Read Data Timing and Standardisation of data pulses

Data from diskette drive logic is RDATA

I — g
S

250ns t 50ns 20r 4us

The RDATA minimum pulse width is 150 ns therefore a faster
clock pulse 2SYSCL with a period of 100ns is required.

100ns , 100ns
Zsvsct _\_I—L_J_L_l—l_l._-r_m_J_l_l_l_l—l__
SYSCL ] [ u 1 f 1 f
RDATA s
U74 pin 6 J L
A J ]
U62 pin 9
U69 pin 11 | J
e
o U76 pin 10 I L
5 U76 pin 9 1 [
> ©
ee . .
- U75pin 8
RDATA DATA Pulse or Clock ; =
U2 pin 19 The raw data pulse which may be less than 200ns due to

variation between different drives. Therefore the RDATA
pulse is stretched to a 200ns standard pulse width.

L oy Ny N Ny Y gy Ty Yy Ny

svscL——_| T L 1] i
RDATA - s oot

U74 pin 6 J |-

U62 pin 7 J
U9 pin 11 T
U76 pin 10 ] L

U76 pin 9 1 |

U75pin 8 — L -

DATA Pulse or Clock

U62 pin 19

When RDATA s a long pulse much greater than
200ns, the clock circuit will still hold it to 200ns.



Waveform 2 Generation of System Clock (SYSCL)

Oscillator | |-_ 100ns—-1

uopin13 —J | [ ! I 1 I 1

I-——.I App. 50ns

28¥YSCL—— 7 /1 f 1 I 1 ]
U77 pin 2 | | J L J | S
U76 pin 6
syscL
U70pin 8- T\ | L1
Appr. 50ns - :
200ns
-

Table 1 Read Mode Decoder Function Table

INPUT QUTPUT
b
CQoZ2g
§88%lkzxy u2
23S 0uw v Q ouw —
0008 2% 9c<
e 03Pl we oo
- e rlo~N OO T ON - Hex.
€ € €€ cglcececeececeec Nota-
|- W WY WY W W - W - W - W W W W tion
o 000O0O0O|1T O1T11 100 BC Refer to -
& 000O0T11TI1 0110111 B7 this section
5 000101 0111000 B8 |]for read mode
ﬂI: 00011j00 010100 14 before synch-
g 001 o0O0O|1TO0O1T11T 100 BC ronisation
»|/00101/00000101 05 (only signals on
'6 00110J|1 0111000 B8 pin 1, pin 3 and
Zi0 01 11]1 0010100 94 pin 4 are used)
o100O0O|7T1T1T1T1 100 FC
8 o1t o001T|7T 1T 111111 FF Refer to
g 0101011111000 F8 this section
8 01 011j00 0101 0 0 14 for read
5 011 00{t 1111100 FC mode after
E 0110100000101 05 synchronisation
|01 11011111000 F8
011111 0010100 94

*{DELRI) Delayed read input

Hardware
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Waveform 3 Generation of Clock Mode (CLOCM)

Counting of U71 (CLOCM) before synchronisation

2us =
U62 pin 19 I I L
|

U72pin 6 —J

v
— ] —] —] =] -

1 2 1"mi1. 2 9'1

‘U7t W'Amm

-
(=]

|
U7t out B L | I L | S L
I . |
U71 outC I 1 ; I ! :
U71 out D . | | f |
U57 pin 4 l l
. J S|
load pulse, causing To show that CLOCM cannot be generated when there are less
U71 to be reset than 15 binary counts on U71. A load signal U71 pin 9 is
to 1 produced by the U57 decoder for every data/clock pulse being
read,

Counting of U71 (CLOCM) before synchronisation

- s >
U62 pin 19 J_} [ N
U72 pin 6 —I |
SU e JUuu Juu
|
CLOKE I ) —
SYNCR l
IDMOD I
cLOCM . o —
| 15
U71 out A __ll_lJ_I_f_lm_l_ﬁ_l
U71 out B L J | I 1 - 1 [ 1
|
U71outC ; I —
|
U71 out D l J L
Load,
U71pin9 |- l—l—
|
I[= 15 x 200ns = 3.0us |

Counter U71 is used to inform the software if the
time between 2 pulses is more or less than 2us

Hardware Read-8



Waveform 4 Establishing Synchronisation

P [+ D [ Cc [+ [ D Cc
RDATA —J i) LI LI LI LI LS L
Sync. Gap [ [ Cc [} [ (o]
LU LJ | %} LT U |1
Address Marker —13 _& j.[_)l & ll_)l Ifr & ]Sr_

Synchronisation : Checking for an area where there are 16 pulises
with 4us period, these pulses must be clock
pulses contained in the sync. gap.

The Sync. gap is where data is 00 and clocks FF.If data is 00 but not in the
sync. gap, the system wili synchronise, but if not followed by an address

marker will immediately re - sync. The worst case that may happen is when
detecting an address marker with three clock pulses missing (but not more}.

[ —— s —Pl
c D d cl c c c
U62 pin 19—[-I iy I M Tl e _l"l B
CLOCM {/ | 1 I I I I S
RESTF i U U u— U
stays high once stays high until reset for
DATEN LI 8 CLOCM is established e oy RESSC but
‘ has no effect on software
JPULS N i g _n  —
/ ra
JREST i
52
SYNCR \ - ® S
IDMOD - o3
&
US7 pin 1 __rl m m r inhibited by CLOCM o
Data reading after Synchronisation.
. c c c c D c D c
Uezpinis__M r r M n_n N M
cLoCM I L | — e — —
SYNCR ——————
iDMOD

Shows that a pattern is established between
clock pulses and CLOCM.

After synchronisation,the logic is waiting
for an Address Marker, which can be
one of the following:

Data — FE FB or F8 FC
header data block index
marker
Clocks — C7 Cc7 c7 D7

"The data pulses do not reset the CLOCM counter U71 because
the |D mode is low. This can be checked from the U57 decoder

matrix sheet.
DATA  Clock cbcbcpbpbcecbDbcecbDCDCDCD
FE c7 11110101011 11110
FB c? 1111010101101 1 11
F8 Cc7 11T110%1t01t01101010
FC D7 1111011t 101t111010

IDMOD -

IDMOD J l I 1

The clock pattern causes the |DMOD to differ.
Again determined by the U57 decoder matrix



Waveform 5 Detecting ID Mode after Synchronisation

IDMODE detection AFTER synchronisation

SYSCL M

The 1D mode is set when the US9 counter counts to 1010 (10),
detected by U60, and is reset on the next clock pulse. If the
CLOCKMODE was 0 then the next data bit would not reset.

the ID MOD.
—— 2us ——
U62 pin 19 _r& 0. c 10 __ e
CLOCM -/ I —
code 05
iDRES
IDMOD i
SYNCR
US9 out A = g NNl
1
Us9out B L | I Iy I ey B
US9 outC —— p 10—
© 1
~ 1
To US89 out D
S I
S© RESCN 1
og —U\ —LJ‘\
3 by code 14 by code 94
U0 pin 6 L
IDRES m
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Waveform 6 Timing Error

JTERR  (timing error)

SYSCL—U-"T"—“-‘mmm_“_u. Occurs when 2 or more pulses are missing
. / \

c D D c
U62 pin 19— | Il gl

1DMOD J

SYNCR

0 Controiler logic
USS out A ouoruagonuongr reset by software
1 using DATEN
UB out B ML L L1 endSYNCR
USS out C I L0 [ L ]
US9 out D m

RESCN
™y

code 14

US9 pin 16 Carry out from counter r"i

Timing error detection flip-fiop

U73 pin 10

U9 pin 11 Timing error gate

U69 pin 8

Signal and latch circuit

JTERR
U62 pin5

Hardware Read-9



Waveform 7 Detecting Address Marker

Next byte
START I‘— Start of first valid data after SYNCR END —D‘
/ 1st clock bit
C D C D [+ in following
Mmoo n I
1 | 1 1 |
[ LU L Ll LJ
{DMOD o o T | Reset by IDRES, Function code 05}
SRLCK
LJ L i U |8 | L
U4t pin 11 result of SYSCL and SRLCK
pin Ll U U U U I iy U
CLKBT-—] [ 1
U ({See Function code 94) /’ U U u L
DATAB R M The IDMOD inhibits the data bits M imi
U43 pin 10 ] L } Data flip-flop 1 | i | |
U43 pin 7 ] Clock flip-flop T
Register full ~y
on 9th CLKBT | \Ib \
isb ([ —u] ] I : s L2
S— | 1
ﬁ L
Serial
Clock —
Register f
uas
J
msb
( [
Isb
f
r
Serial
Data J
Register [
uUs1

msb \




Waveform 8 Data clocking after AM

AM
Bvytel |  Byte2 .
c c D c cC .bD ¢ D c c D ¢ D C D C
. ST _JTL s .n n_____frn.n n rer M
SRCLK— U ] U ) T U | | |
1DMOD 1D MOD is low because the |D MOD has already been detected
sYNcR—1igh
cLoem — I 1 1 i I | g W 1 .
U7 pin 84— n n n N 1 i l N n_
U62 pin 12 IR N fl L f ! n n. L ||
Serial clock flip-flop
U60 pin 8 Ml i effect of 3 missing clocks in AM 1 N n n N
UB1 pin 10 £1 When the O arrives at bit 5 in the clock register a O is set on U61 pin 9
U61 pin 4
U 1st counter load pulse which also produces the 1st REGCL pulse. u—
DATEN -
Remains high because CLOCM and SYNCR are established. 15 8
U64 out A o | I S S S m— A ee—
U64 out B 0 | L J -
Binary 8
U64 out C 0 ] g —
1
UB4 out D J
for delay
U62 pin 16 N n
1st REGCL Bit 7
UB2 pin 16 — produced in n_
READ MODE \
REGCL 1] U_
& Clocks the first bit of the AM into CRC, after this point,
SELDT JCODD allows RDATC to take over clacking DATOP into CRC.
on U67 L
pin5
SELDT J
JCODD 1 J_L—
RESJC LrBy Software Ll
RWCLR
Bit 6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit 0 msb of next byte
RDATC n L I M N n ;
\clocks in second bit
of AM data
U64 pin 15 I



U U U L
1 1 1 M
n n n _
_n N N n_
n n 1 n_
n U61pin9

I:L pulse. u—

15 8

TP

fter this point,
ng DATOP into CRC.

3 Bit 2 Bit 1 Bit 0 msb of next byte
n n Il g

r 1

Data Clocking:

The system is waiting
for an AM (clock is

110 XXXXX)

then U64 is loaded to

8, REGCL goes true,
which again sets SELDT
true, and JCODD true.
REGCL also transfers
the data and clock
pattern to their registers.

The U64 counter is clocked
up one bit at a time each
time a clock pulse arrives.
When the counter is at
15, no pulse appears on
the output, R, because
‘T’ is low. A high onR
occurs on the next clock
which sets JCODD, clocks
data and clock pattern to
register and loads the
counter to 8.

Each time JCODD is

set, the software detects
it, resets the signal with
RESJC and reads data
and clock pulses into Acc.
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Waveform 9 End of Read, CRC check

CRC Checking READ

Second CRC byte
¢ : ¢c b ¢ D C c b ¢ ol ¢ b ¢
1 l_____J' | I I TN o NN | I I O
ind | 8 bits
ue1 pin L data left in
U51
REGCL 8
SELDT =
11 'L
RDATC This pulse clock:
Seven more cloc
U62 pin 2 fl L to clock out the
1
CRC CP N I o e n n n_
JCENB——m—m———————ooeee = = —_— 1
time set by software
JCODD n— M J
CRCE mmrmeeeeeeeeeeeeeeee e e e e e —
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m 9 End of Read, CRC check

US1

CRC byte
C D C D C
s _r_r._
8 bits
data left in

This pulse clocks bit 8 into CRC.
Seven more clock pulses are required
to clock out the data left in U51.

1
n

oo

R

time set by software

mn

If 7CENB did not occur, the JCODD signal

6
N 1 would be one clock pulse late . Therefore,
the CRCwould give an error due to an extra

/ bit of unwanted data.

When JCODD is detected, the
software checks for JCRCE error.

When Low = no error
High = error

9L- 0l -92vL
viiZ AQL
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4E 811 L TS0k : 76L:363_-;,: o / i
‘ e WRODE . Jevs. DATEN
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HARDWARE

Write Mode

The diskette is set to the write mode after a
sequence of instructions and commands have
been carried out between the controller and
the main computer.

A seek track command is given by the main
computer to move the head to the correct track,
followed by a write command. The internal
processor then starts the write operation by reading
headers until the correct one is detected. The
software then counts the first 11 bytes in the
following gap and starts writing.

The processor program sets the Write Gate (J1-11)
to a low level and this signal remains low for the
duration of the write mode.

The write sequence-is described briefly in the
following schematic and can also be identified by
referring to the block descriptions of the logic
diagrams. The header format diagram also shows
the write mode sequence as it occurs on the track.

The signals shown on the write mode block diagram
are those which are associated with the main
functions and sequences and can be easily identified
in the text and on the logic diagram.

The block layout conforms approximately to the
position of the logic gates and registers on the logic

diagram.

Processor program
reads the correct

Main computer program
initiates Write command

and associated address header pattern

instructions

WMODE Processor
produces the
REGCL and byte
count signals

Processor program
initiates Write mode
11 bytes after the
correct header

WMOD2

Write Synch. gap

6 bytes. Clocks FF
Data 00

WMOD1 and WMOD2

DMA commands to
transfer data to

First byte is loaded Address marker written "
by software. Remaining by software &m:,;:: tnput/
5 bytes are produced by
write clock and data
register automatically
WMOD1 and WMOD2
Processor program Data written onto WMOD1
transfers data from diskette via J1/13. CRC
i) EtoS register After A.M. the clock by v
ii} S to Accumulator pulses are added by appende
iii) Acc. to data hardware. Start CRC ::o:?(m
registers generator pattern.
WMOD2 .
Write 1st byte En'::: of Write
of next sector Crach for Software checks
gap. Data bits dele :orga P for new command.
to be same as Ul DAOD) Diskette set back
in 11 byte sync. Write Gat y to read mode
gap at start of "“" ate
Write Mode goes low

WRITE SEQUENCE SCHEMATIC

Hardware Write - 1



Typical Sector Track Format

A
4 N\
Sync AM 1D Field CRC Sync Sync AM Data CRC
Gap 1D Gap Gap Data Block
WRITE (WMODE)
READ before WRITE WMOD2
_A r_J\__\
o N\
End of Sync Gap Address ID Field CRC Sync gap Sync gap
' Sector 6 bytes Marker 4 bytes:- Control 11 bytes 6 bytes
27 Clock FF 1 byte Track No. 2 bytes Clock FF Clock FF
bytes Data 00 Clock C7 ;i:cad No. Data Data 00
2 Data FE tor No. either 00 —————
Block length | or FF
. J\.
Y Y'_J
Synchronisation and Used by software to *
identification field determine the start
{described in Read Mode} of Write Mode after
correct sector
identification
. WMOD1
WMOD2 WMOD1 WMOD?2
— f‘_A’_\
— N f.._A.._\
Address Data Block CRC Write 1st Sync Gap
Marker 128 bytes 2 bytes byte of next 6 bytes
preceding Clock FF sector Clock FF
data block - Data 00
a—— 1 byte 27 bytes
Clock C7 Clock FF
Data F8 Data 00
or FB or FF

Hardware Write -2

9L-0L-92vl

TRACK FORMAT

vLIT AGQL
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Standard Read
. rPulses of 200 ns
Raw Data from SRLCK
Diskette J1/5 ‘ ‘
(o————— READ DATA CLOCM < READ MODE P CLKBT
TIMING f DECODER —7
ROATA IDMOD T DATAB
— >
2.sYsCL sYsCL
y
First Data Pulse '
piscL ) . -
CRpsTALOSC syscL FIRST DATA CLOCK MODE
> PULSE FF COUNTER

S_YSTEM CLOCK . 50 ns Pulse of

EXCLK ‘ 200 ns Period

P ——— — —

Distributed .
throughout

Control Logic

ID MOD FF A——( ) 1IDbmMoD
EE——
IDENTIFICATION
cLocm —<2__ (1D) MODE
COUNTER/DECODER
E———
TIMING ERROR
DETECTION <> JTERR

l st Loa«

——
Shift SERIAL—PARALLEL Bit7 (1)
———»— clLockBIT * >

ADDRESS

e | SIEOCK REGISTER Bit6 (1) MARKER

:’ e DECODER

— Sam ¢ '
I [ | l J (Read Clock |
SRLCK READ CLOCK SELDT

REGISTER Clock b
Write

CLKBT -
8 Bits
READ DATA
o> CLOCKING AND

READ/WRITE CLEAR | r_
»>— > SERIAL-PARALLEL |\~ ADATC
; DATA BIT
l— DATAB o PETA Shift_o | REGISTER _
Bit7 DATOP
READ DATA

REGISTER :
Serial |
8 Bits ‘ \ O Internal Data Bus Gaps a

IDBO-7

WRITE MODE -~ Blo



SRLCK

N

CLKBT

N

DATAB

(’d

|

CLOKE

SYNCHRONISATION
DETECTORS

—Q JREST
L) s

Internal Data Bus

CLOCK MODE
COUNTER

‘—0 IDMOD

-% cLOCM

DATEN

REGCL

BCOUNT

SYNCR
To Diskette
DATEN Drive J1/11
J)
Write Gate

WMODE Signals

Common to READ
and WRITE modes

READ mode

WRITE mode

“WRITE
Y BYTE BCOUNT
COUNTER
l WDSEL
) JTERR
1st Load Pulse : 0 : WDSEL }—,_ Write Data to
i : Diskette J1/13
iy REGISTER REGCL - N U '
COUNTER CLOCK ‘ > GATE :
- LOAD DELAYS WCLKB CLOCK‘NG_.:; : WDATA
GATE | » r
= sk Data A
ESS Data and CRC
ER
JER Load
] {Read Clock Pulses) | . READ/WRITE
ELDT COUNTER Carry Out
(Enable
Write Puises)
o ™1 cre
GENERATOR
AND
r DATOP CHECKER ——<> JCRCE
8 Bits i
- o WMODE l Read Error when Low
ov APARALLELSSERIAL WDSEL T T
Serial Input | - WRITE DATA . *
 RDATC for Sync. Gaps - REGISTER
- —
J) 5
CRC
— + REGCL CLOCKING |
8 Bits AND
SELDTT_ ENABLING |
oy —— .
PARALLEL-SERIAL . WCLKB
Serial Input for Sync. WRITECELOCK . RDATC
Bus Gaps and Data Block REGIS o

VRITE MODE - Block Diagram
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- WRITING 6 BYTE SYNCHRONISATION GAP (Waveform 1)

At the end of the read before write synchronising gap, the software loads the write data ragister with all

logic 0's and the write clock register with all logic 1’s."This information is sent from the processor accumulator
and loaded by the low going register enabling signals WDREN and WCREN. This software action occurs for
the 1st byte only, after which, the registers are hardware loaded from fixed logic voltage levels.

On the 1st REGCL, the most significant clock bit in the write clock register is written to the diskette. The
sequence of clock and data bits being separated and clocked to the diskette is described in the write gate
clocking logic.

As each bit is shifted from the register, the fixed logic level, either OV or +5V, serially loads a new bit into
the register.

The CRC generator pattern is not started until after this 6 byte gap is written, since the WMOD1 signal, being
low, holds the CRC preset input low.

WRITING ADDRESS MARKER (Waveform 3)

The software in the processor program detects the last JCODD signal in the 6 byte synchronising gap and sets
WMOD?1 high. The write clock and data registers are loaded with the address marker bytes, the clock is C7
and the data is either F8 or FB.

The REGCL pulse, after the JCODD signal, enables the first clock bit from the write clock register to be
written to the diskette. The clocking of data and clock bits of the address marker continues with each REGCL
and is as described in the write gate clocking logic. After 15 REGCL pulses, the BCOUNT signal sets JCODD
to inform the software that the address marker is written. From this point onwards, the data block is written.

WRITING THE NEXT SYNCHRONISING GAP (Waveform 5)

After writing the 2 CRC bytes the write mode is virtually completed except for writing the first byte of data
and clock bits for the next synchronising gap.

The WMOD?2 signal goes high to enable the write data gate. The CRC check word enable input is therefore
reset to a high level which prevents any further output from the CRC.

The data written must correspond with the data written in the 11 byte synchronising gap immediately prior
to the start of the write mode. If the data to be written is FF, that is, all logic 1's, then the software loads the
write data register with all 1's. If the data is 00, then the software loads 00 into the register.

The clock bits written in this byte are always all 1's, therefore the +5V logic level on the input of the write
clock register provides the necessary clock bit serial shift.

At the end of this first byte in the next synchronising gap, the JCODD signal informs the processor software
that writing is complete. WMOD?2 signal is set low which sets the Write Gate signal on J1 pin 11 to a high
level. This action ends the write mode and informs the diskette electronics that the writing heads can be
unloaded if no further instructions are received within approximately 0.5ms.

The processor software sets the interrupt flip-flop and waits for the main computer program to read the
status register.

END OF WRITE MODE

When the Write Gate signal goes high, the diskette is set back to the read data mode and is ready for new
software instructions. If the track format gap between the last written byte and the 1st byte of data read is
too long, causing the IDMODE to be delayed by more than 5us, the software clears the read logic and starts
the re-synchronising cycle.

This error detection signal is JIDMOD which may arise due to diskette speed variation or when the write
current decoy has not occurred in the normal time.

rdware Write - 4 WRITE MODE — Description



WRITE MODE - Description



TDV 2114
1426-10-76

Waveform 1 Wi
Reading the Gap after the

Header 11 bytes Ly
|
WMOD 1
WMOD 2 I
WDREN 1
WCREN \
Loading 00 into | I~
Write Data Reg. Loading FF into Write Clock Reg.
|
WMODE RWCLR a Pulse caused by Changeover from Read to Write on S
RWCLR
1 J * Loading 6 into U64 2ps
R Output Us4 _ N W
i / 3,248 2ps 2ps
u64 Cour_\ter is Zero 1 2 3 4 5 6 7
REGCL T Ji_Jt _n__Jr_1J1
REGCL U u U u u
1st REGCL when Writing
BCOUNT /
JCODD
US4 Pin 14 Out A WDSEL j I ] 1 | L[
U54 Pin 13 Out B J L———'I
US54 Pin 12 0ut C r
US54 Pin 11 Out D
SYSCL sk it dwn nuhisn
U64 Out A e ———— - — —
UG4 Out B v - -
UB4 Out C _iruueo
U64 Out D I /U U\ U
WDATA Loading to 6
1st Clock Pulse because WCLKB /’LI U U U
from m.s.b. is High - C D C D C D [o]
WDSEL is high and 1st REGCL goes high,  Shifting Data and Clock ___
&ESIC Pattern one Bit Right
* 1st Load
R/W CLEAR U64 Counter Starts to Count
'——b45678910\1121314156789101\1?13
1 2 3 -l
t 3.2p8 J
Counter Carry Out J_l
fe—————— 2 pS —
WRITE REGCL _1
) }e— 200ns

1st REGCL



Waveform 1 Writing 6 byte Sync. Gap

ngeover from Read to Write on Software Instruction
28

M rrmn rnnMnMhrerereJeorere Jyr ol

4 5 6 7 8 9 10 11 12 13 14 15 16 1 2
nn nnnnnn n - n. nn.n.nn._n Jft /.7
U U U U U U u u U uuuuuu
hen Writing I 1
J R
| I | | ] I | g 1 | | | | 1 I |
T l In I B
f 1 I
— e e Y
_______ |
Y R
Data is zero when writing the Sync., gap. I
U U u u U u u |
D C D C D C D C D C D C D .| C
ock o 1 Byte i
t
1st Load Load Load * LI
* \ ; ¥ EXPANDED WAVEFORMS TO SHOW LOADING OF U64 COUNTER
131415 6 7 8 9 1011 121314 15 6 7 8 9 10 11 12 12 13 14 15 6 AND GENERAT'ON OF THE SIGNAL—WRITE REGCL.
e |
1 1 J1 ——
28 |
B n n ______
——»] }e— 200ns
1st REGCL
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Waveform 2 Write Gate Clocking N

WDATA '-°W1

High
WCLKS - g e
] [}
15t REGCL | |

N\

REGCL
-
REGCL U U 1.' U—
WDSEL J l r L
I.s.b. of Write Byte Counter
WDSEL I J I l l l
aps Shift Clock Pulses produced by REGCL -
je———+{| and WDSEL N2
o
Internal Shift n N
Clock/Data Reg Clock J n °3x
&
—— Cc D (o] D Cc D Cc D [ D
WDATA
LA L] LA L] e Y|
Al w U o U ol U u
1st CLK Bit =1
from Register
1st Data Bit =0 R

from Register

A Clock and Data Bits Shifted 1 Bit to the Right from the Write Registers
B Data Bit written via Data Clocking Gate

C Clock Bit written via Clock Clocking Gate

D Clock and Data Bits Shifted 1 Bit to the Right from the Write Registers
E Data Bit written via Data Clocking Gate

F Clock Bit written via Clock Clocking Gate
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Waveform
Writing AM
Writing Sync Field
WMOD1 - I
WMoD2 / Address Marker Bytes Loaded
WDREN L, v
WCREN
JCODD n

> 2us b=

REGCL o N I o e O o I e IO e O R M
U64 R output __J-l n m ﬂ n n___.ﬂ n n rL

RWCLR
© BCOUNT J L
™~
o
§«', WDSEL US54 Out A | I S R | L LT
D N
=4
usaows — 1 L[ L
U54 Out C l l
US4 Out D L
——e D c D c D c D c D c
WDATA
LJ | [ O N S N U
Both Data and Clock Reg are Clocked one Place to the
RESJC
JCODD is Reset by Software =] 1 1 2 2 3 3 a4
Instruction Clock = C7 Loading Clock Data = FB Loading Data
Result of WMOD1 going High
U68 Pin 2 e | ™ High to Cloc
SELDT
U68 Pin 1 ;
CRC Clock Putses __LI™ LI A U U
Ignored due to the IOW Level Start Clocking Data
on Pin 2 | " into CRC Generator
CRC Generator has all Ones in the Flip-Flop"’
CWE U68 pin 10 " hen high



e a4 it At S, e < S A < e e i g M & = g mmian oy ime < = ee e

S TR T e e R T aamat e I LR

Waveform 3 Write AM and start of data

ress Marker Bytes Loaded

LJ

Data Byte No. 1 in the Block is Loaded

—
MmNt nnnrArrAanAanAnrr
I

nn n n n n nn . n nnn nn 1mnn

| L | L
J L

c D c D c D c D c D c D c D c
U U m l_l U U m l I U | I | I\ Clock register is now
Clock Reg are Clocked one Place to the Right filled up with logic 1's

from serial input.
2 2 3 3 4 4 5 5 6 6 7 7 8 8 U
Data = FB Loading Data 1 gte

N~ High to Clock the CRC Generator

L LJ | =] Ll L U U U

ing Data
jenerator

\\ When high, ensures that data is circulated inside the IC.
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Waveform 4 Write CRC

WMOD1

WMOD2

- 1

WDREN

WCREN

L

JCODD

REGCL

Jn._n n_n_n n_n

U64 R output
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BCOUNT ] 1
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fardware Write - 8

Finishing 2 CRC By
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WMOD2
WDREN

WCREN
JcobD

REGCL

BCOUNT

WDATA

U68 pin 2

U68 pin 10

| | |-2 Lbhe

U68 pin 1

Write Gate
J1 pin 11
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Waveform 5 End of CRC, start of next gap
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HARDWARE

internal Processor

The processor program operates from a fixed program
held in the Read Only Memory (ROM). The program
is accessed by the program counter which increments
a new address for every system clock pulse. When a
valid jump instruction occurs, the memory output is
loaded into the program counter which accesses a
new section in the ROM. In this way, the program

is able to output new instructions and also address
the jump selector until it detects the next major
change in the program.

The program is divided into sections which control
the functions of the diskette. These functions
include setting up the diskette with the input/output
instructions and commands, synchronising and
reading data from the diskette, writing data to the
diskette and controlling all transfers between the
diskette and the main computer.

The transfer of data within the processor is

divided (buffered) into certain logic blocks. These
and their associated busses are shown in the
following block diagram. The internal selection and
address bus and the internal data bus are the only
two busses which communicate with the remaining
controller logic, namely, the input/output and the
read/write logic.

At the start of the input program, the scratch pad
register location 8 is set to zero and the status
register is reset to hexadecimal 80, i.e. operation
completed. The accumulator is cleared and the
program is then set up to detect the first instruction
loaded into the E register. When the program
detects the jump instruction signal JINLD in the
jump selector, the program counter is loaded with

a new address and the program is accessed to a new
instruction.

A full step by step account of the controller
program is given in the Diskette Software
Information section together with detailed block
schematic flow charts of the program. This infor-
mation is crossed referred with named labels so that
each section in the program can be identified easily
between the mnemonic tist and the schematic block
flow charts.

Procesgor Timing

The processor timing is controlled by the low

going SYSCL pulses derived from the crystal control-
led oscillator in the read mode input logic. The
pulses are 50ns wide in 200ns periods. The SYSCL
pulses either clock the registers directly or are
AND-ed with enabling signals on input gating logic.
For every SYSCL, a new instruction or data is

placed on the program memory data bus and
executed within 200ns.

The general clock and combined clock pulses are
signals derived from decoding certain instructions
in the output decoder logic and are functional
rather than timing pulses.

When the processor does not receive any new
command from the computer for approximately
500us from the last command or instruction the
computer program clears the FD register in the
input/output logic. This disables the selected drive
and causes the read/write heads to be unloaded.

Hardware Processor- 1
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| 1 clac! 1o the fip-flops on th posl e going edge of the |
. .SVSCLand addxm the following logic blocks. ,

ek : r,  fe) theinput dacoder, and.

~ {b) the output decoder, {d) the scratch pad register.

. The internal selection bu: isalse connected to the E register for transferring
. interface iuput addrssses he scratch pad register. When this oceurs the

! ﬁp~ﬂops which aecept memory data bnts
: 4 ; ciock&d in on the positive going edge of the SYSCL and
ntain the inl ormation to select the ALU function. Bits 1, 2, 4 and 5 select the
inction, bit 0 defines whether the function Is arithmetic or lagic and bit 3_ ,
fines whether the arithmetic operation has a carry input. . D
. The processor software table lists the functions used and further mformatlon

. about the selection bits can be obtained from the ALU Manufacturer’s data sheet.

ADDRSSS!NG THE MEMO Y ?BOGRAM . :
] ) im af 1024 locations, requmng a 9~bn: adﬂress bus.
' The 8-bits are system clocked from the program counter register whilst the
 Bthbitis provuded by an extra flip-flop and clocked by the combined clock,
The memory is divided into four sections. Signals PSEL1 (9th bit) and PSEL2
are used; together with the < inter output to define the lacatwn addresses in
.. the four sections. ;
. Address locations up to 255 are accessed dxrectlv by the program counter, but
- .above 255, a combined clock instruction, hexadecimal notation DO, must be
: given, This instruction defines the internal data bits 0 and 2 which address the
. higher locations. Signals, PSEL‘I and PSE L2 are outputs from the function
' mode decoder U49, , , ‘ ;
; The addressmg isas fallows‘

PSEL1 . PSEL2 LOCAT!ON IC PROGRAM SECTION

DBO . DB2 ,
0 0 0-285 u29 0
1 0  286-511 U2 1
0. 1 512-767 U15 2
1 1 768-1023 U5 3

i The data byte which contains the relevant bits O and 2 is placed on the
. internal data bus via the memory data buffer. The combined clock instruction

s defined as a 2-byte operation, One byte from the memory program is

' decoded by the instruction registers to praduce the logic controt signals, .

- whilst the following (second) byte from the memory is data and is gated
through the memory data buffer on to the internal data bus.

. The program memory instructions and data bytes are listed fully in the
Diskette Software Information section and should be referred to frequently
during the processor control logic description.

The program counter is incremented with every system clock pulse SYSCL.
During input operations, the system operates in.a loop (software) waiting for
new instructions and a command. After each cycle in the loop the accumulator
is incremented by ‘1, when the accumulator reaches 255, the selected drive
- {if any) is disabled (head unload) and the accumulator reset. Then a new
loop section takes place, and so on, until a command is transferred. Each loop
sections lasts for approximately 0.5ms. When a cantrolled transfer instruction
arrives from the computer, the jump instruction JINLD is set. The program

. detects JINLD after répeatedly selecting the address to the jump selector
during the input software loop. The output signal from the jump selector is the

© low pulse PLOAD.

. The second byte from the memory program for the JIN LD instruction is

~hex. 12, which is loaded into the program counter and over-writes the existing

_contents. Therefore, on the next SYSCL, the counter addresses the new

. location and mmmuas to increment the address until either the program xs S

__reset to stert

a new jump instruction occurs.

Hardware Processor - 4

,"thTHME'rlC AND LOGIC PROCESSOR
_ The arithmetic and logic processor comprises the anthmotic Ionic uni

accumulator buffer, These three elements operate on the processor d
1o the registers defined by the program.

. .Memory dats bits 0 - 5 select the arithmetic or logic function which 1

are listed in the diskette controller instructions contained in the Soft
' The data input to the ALU is divided into two parts; the A’ inputs fi
~ from the internal data bus. The A and B inputs are compared, anded,

defined by the ALU function. Data which is transferred to the accun

'ALU whether or not an arithmetic function is to be carried out. Dire

ALU are clocked back on to the internal data bus through the accum
occur when data is read from the read data register to the accumulat
computer.

For 2-byte operatnons, the accumulator clocking is mh;b:ted bv the |
gate. This ensures that data clocked from a register on to the internal
routed to the ALU and operated upon with the existing information

- line.

The accumulator buffer clocking signal, BOUTE, is derived from the
BOUTE signal goes low approximately 500ns before the SYSCL to e
bus is cleared at the start of the SYSCL puise.

The ALU output signals A = B1, A = B2 and Cn + 8 are routed 10 jun
JA = Band JCARY respectively. These signals occur dunng the ALU
by the software program.

ONE AND TWO BYTE PROGRAM OPE RATION (Waveform 1)

The output from the program memory is placed on the 8-bit memior
instruction byte, but for some processor functions, a second byte of
instruction byte in order that the function has data on the internal d
Controller functions which require a data byte with the instruction @
Certain second bytes of data are derived from sources other than the
The instruction byte (byte 1) is clocked into three instruction registe
byte for either decoding or buffering to selection busses. The data by
the memoary data buffer or loaded into the program counter during e
When the instruction requires a 2-by te operation it is defined in byte

- instruction register produces the 2-byte signal from the instruction d
“signal is to inhibit the instruction register clock pulse for ane SYSCL

of data to be clocked into the memory buffer or program counter:wi
instruction decoder signals are therefore valid for two SYSCL period
when the memory data is on the internal data bus and operated upor
A 2-byte operation does not always require data from the memory. -
is transferred via the internal data bus to the accumulator from eithe
clock register or the scratch pad register. The second period is requir
buffer, to be gated on to the data bus so that the ALU can execute t

PROCESSOR — Description
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vKRITHMETIC AND LOGIC PROCESSOR

. torthe registers defined by the program.

_ are listed in the diskette controller instructions contained in the Software Information section.
' 'The data input to the ALU is divided into two parts; the *A’ inputs from the accumulator and the B
- from the internal data bus, The Aand B mputs are compared, anded, subtracted and operated uponas
. defined by the AL.U function. Data which is transferred to the accumulator is always routed through
' ALU whether or not an arithmetic function is to be carried out; Direct transfers to the accumulator via th
ALU are clocked back on to the internal data bus through the accumulator buffer. Transfers such as these

. _computer.

The arithmetic and logic processor comprises the arithmotic loglc unit (ALU) the accumulator and the
accumulator buffer. These three elements operate on the processor data and then transfer thn informatiaﬁ -

Memory dats bits 0 - 5 select the arithmetic or logic functlon which the ALU is to perform -‘rhe:e funcm

occur when data is read from the read data register to the accumulator prior to a DMA transfer to the mam

For 2-byte operations, the accumulator clocking is mhtblted bv the IRENB slgnat on the mput enablmg
gate. This ensures that data clocked from a register on to the internal data bus has sufficient time to be
routed to the ALU and operated upon with the existing information held on the accumulator—to-ALU bus
tine.

" The accumulator buffer clocking signal, BOUTE, is derived from the crvstal controlled oscﬂiator The

BOUTE signal goes low approximately 500ns before the SYSCL to ensure that the data on the accumuk#tor
bus is cleared at the start of the SYSCL pulse.
The ALU output signals A = B1, A = B2 and Cn + 8 are routed to yump instruction flip-ﬂops to produca

JA = Band JCARY respectively. These signals occur dunng the ALU functions and are processed accordingiy ‘-

by the software program.

ONE AND TWO BYTE PROGRAM OPE RAT!ON (Wavﬂorm 1) e

The output from the program memory is placed on the 8-bit memory data bus and always contains one
instruction byte, but for some processor functions, a second byte of data must immediately follow the
instruction byte in order that the function has data on the internal data bus on which to operate.
Contraller functions which require a data byte with the instruction are defined as 2-byte ooerations
Certain second bytes of data are derived from sources other than the memory.

The instruction byte (byte 1) is clocked into three instruction registers which accept certain bns of the
byte for either decoding or buffering to selection busses. The data byte (byte 2) is either clocked into
the memoary data buffer or loaded into the program counter during a jump instruction. '

When the instruction requires a 2-byte operation it is defined in byte 1, which, when decoded via the .
instruction register produces the 2-byte signal from the instruction decoder The effect of this 2-byte =
“signal is to inhibit the instruction register clock pulse for one SYSCL period to alfow the second byte:

of data to be clocked into the memory buffer or program counter when the next SYSCL. arrives. The
instruction decoder signals are therefore valid for two SYSCL periods, the second period being the time
when the memory data is on the internal data bus and operated upon by the decoded instruction.

A 2-byte operatlon does not always require data from the memory, The exception to this is when data
is transferred via the internal data bus to the accumulator from either the read data register, the read
clock register or the scratch pad register. The second period is required for data from the accumulator
buffer, to be gated on to the data bus so that the ALU can execute the particular mode selected.

PROCESSOR — Description
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Waveform 1 2-Byte operation 1BYTE _,_ 2BYTE

50ns Decodod'instruction remains
for 2 periods
SYSCL
L= g .| g
IR clocked
on this edge
. normaily low
U72pin14 2BYTE ] 2 BYTE signal from IR decodeL

_— normally high [—ﬁ
U75pin 11 |RENB AL A

2BYTE FLIP-FLOP
LOGIC CIRCUIT

J S v

ily high
US3pin6 IRENB wmormally hig

tly hi
U72pin9  MBUFF amnormally high

data in second byte ol
clocked from memory

buffer to data bus

ottt

IR clocked IR clocked No clocking of IR IR clocked -
because fRENB is
high on U256 pin 12

Waveform 2 Scratch Pad Clocking SCRATCH PAD REGiSTER WAVEFORMS
{into and from register decoder gates)
2 BYTE OPERATION st
A
r B d
READ § -+ A WRITE M -~ § WRITE A - s

U40 pin 13 IRENB —
T I U Pin 10 OUTPUT e L outeor — . L—

data clocked from

U27pin 10  INPUT Tl [ U40pin13 IRENB memory buffer mENB—v —

U27 pin 12 AKKEN u U72pin9 MBUFF "_I—r— U256 pin 1 AKBFF U—
data } Vol

h —_— data clocked
ELBTE /|
i S

INTSELBUSO-3  SELECTSREG ; -

s

INT SEL BUSO0-3

U27pin8 SPROE U U28 pin 11 SPRCS i'—-

U28pin 11 SPRCS U41pin8 SPRWE T SPRWE T
data clocked from data clocked / data clocked /
S Reg. via output into S Reg. into S Reg.

buffer



2BYTE
| instruction remains
iods
— | -
ignal from IR decoder 1—
1 A
-FLOP
UIT
— \J
T —
ped
locking of IR IR clocked -
1se (RENB is
on U25 pin 12
AVEFORMS
ler gates)
SINGLE BYTE OPERATION
A
4 N\
WRITE A » S WRITE E + S
OUTPUT —r_l_—
U33pin3 SEBEN —rL
IRENB v data clocked
from E Reg.
U2Bpin1  SEBEN —-I_Lr——
SEL BIT 4
ADDO-3
from E Reg.
SPRCS
SPRWE
/JJ_ 2
data clocked data clocked
into S Reg. into S Reg.

Table 1

IR Decoder Version 5

T ON - O O N OIS Mm N -
- - - £ £ £ ECEE C €
oE.n.EnE.EnE. EE::EEEE
< o~ w FZ2wuw
s555| [BREEEEEE) v
No.f cxxxyllglZ2clSlo W13 8| not
0f000O00O0C 11111010 FA
1100001 01110010 72
2]00010 11011010 DA
3{0001 1 11100011 E3
4100100 11111010 FA
5100101 11111110 FE
6100110 11001011 CA
7100111 10011011 98
8|01000 11101011 EB
9101001 01110010 72
M[(01010 11001011 cB
1M ]1]01011 11100011 E3
1201100 11111010 FA
13101101 11111001 F9
14101110 {11001011 CA
5101111 10011011 98
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Hardware Processor - §



Table 2

Instruction Decoder

Operation

Byte 1 Byte 2

IR Decoder

omments
Output c

Operate M, A + A

00 ALUSEL |[Data
(M7 — MO}

(2 BYTE), (ENOMB) | No clocking of acc.
Only 1 byte operation
when possible

Operate M, A - A

00 ALUSEL [Data
(M7 — MO)

AKKEN, Clocking of acc.
(2 BYTE), (ENOMB) | Only 1 byte operation
when possible

Operate D, A -~ A

111 D4 » DO|XXALUSEL

AKKEN, INPUT

2BYTE
Transfer M =+ D 110 D4 - DO|Data OUTPUT, 2 BYTE
M7 — MO ENOMB
Transfer A » D 100 D4 - DO AKBFE, OUTPUT
Transfer E - S 1010X SEBEN
§2-S0
Jump (un)con- 1011 Jump Address | JUMPE, 2 BYTE

ditionally Cy— CO M7 — MO
Table 6
Scratch Pad Function Signals - S-Register
Single Byte Operation 2-Byte Operation
Function S Register S Register
Data From Enable/ From Enable/
Transfer IR Register CLK signal IR Register CLK signal
Accumulator OUTPUT SPRCS
to AKBFE SPRWE
S Register SELBIT4 (low)
Address bits,
SELBO-3
Memory 2BYTE SPRCS
w to OUTPUT SPRWE
= S Register ENOMB
= SELBIT4 (low)
Address bits,
SELBO-3
E Register SEBEN SEBEN
to SELBIT4 (low) | SPRCS
S Register SPRWE
Address bits
0- 3 from
E Register
S Register 2BYTE SPRCS
a to INPUT SPROE
< Accumulator AKKEN
o Address bits
SELBO-3

Hardware Processor - 6

Table 3

Output

["comct

COMCL
AHREN
AHRER
ALREN
ALREN
DBREN
DBREN
CLSTR
CLSTR
FDSEN
FDSEN
WDRE!
WDREI
| WDREI
e

GENCL

{ GENCL

COMCL
SYNCR

SYNCR

GENCL

R2

R2




Table 3

Table 4
Output Addresses (CPU -+ D) Input Addresses (D - CPU)
COMCL | A - combined clock 10010000 RCREN | Clock Register » A 1111XXX0
COMCL_| M - combined clock 11010000 RDREN | Data Read Reg » A 1111XXX1
AHREN | A -+ Address High Reg. 10010001 SaA 1110 S352S1S0
AHREN | M -+ Address High Reg. 11010001 -
ALREN | A + Address Low Reg. 10010010
ALREN | M - Address Low Reg. 11010010
DBREN A - Data Bus out Reg. 10010011
DBREN | M - Data Bus out Reg. 11010011
CLSTR A -+ Status Reg. 10010100
CLSTR M -+ Status Reg. 11010100
FDSEN A - Floppy Select + current Reg. 10010101
FDSEN M - Floppy Select + current Reg. 11010101
WDREN | A + Write Data Reg. 10010110
WDREN | M - Write Data Reg. 11010110 Table 5 -
WDREN | A -+ Write Clock Reg. 10010111 Scratch Pad Register Locations
WCREN | M -+ Write Clock Reg. 11010111
A-+S 100083528150 Location Contents
M~S 11005555545 SO: Drive Address
Data during write operation
GENCL A - General clock 10011 XXX St: gfllatitye tra;:l:‘ Agdress .
GENCL | M -~ General clock 11011XXX irection of head movemen
S2: Sector Address
COMCL Byte 2 S3: The most significant byte of the main
7 5 4 3 2 1 0 memory address
SYNCR | Write | Write | Read | Read [PSEL2|7CENB | PSEL1 sS4 - The least significant byte of the main
Data 1 | Data 2 | Data 1 | Data 2 memory address
SYNCR | Write | Write | Read | Read {PSEL2 | 7CENB | PSEL1
Data 1| Data 2 | Data 1| Data 2 S5: Block length
Clock data during write format operation
GENCL . . L .
S6: This register contains information to let the
R2 set Rq Int software know if the correct header has
DR Reg baen read during a read data field operation
Rp set R1 Int
DR Reg S7: Command register

S8: Device No., step direction, step pulse

S9 Counters to count the number of sync. errors

& and retries. Only S9 is employed with read

SA: operation between header and main block.
SA is also employed as a general purpose
register.

SB: Counts missing sectors etc. Also employed
during seek/recalibrate and write format
operation

SC: Contains the block length in steps of 128.
(0=128, 1=256,3=512)

SD: Storage for counting index-strobes. Also
employed as a general storage register during
write operation

SE: Contains the correct header to be written

SF: Contains the information which is going to
be sent to the status register

9L- 01 -92Z1
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SOFTWARE

Introduction

This section contains sufficient software infor-
mation to enable the Engineer to step through the
program for either learning or diagnostic
procedures.

The information is as follows:

1} Input/Output instructions and commands
2)  Controller micro-program instructions

3) Controller micro-program flow charts

4) Controller micro-program codes

Input/Output instructions and commands

The following tables give a summary of the
instructions and commands for the diskette
controller. Basically, there are 6 output instructions,
] input instruction, and 7 output commands
(including 1 which is optional).

The output instructions are transferred prior to any
commands. These instructions contain information
about drive address, track address, sector address,
record length etc; information which is necessary
before any command can be executed.

The output commands are used to execute a
write/read or seck operation. When an operation is
complete, the controller sets the necessary bits in
the status register and the interrupt line is set true.
The status register can then be read by an input
instruction.

After a command instruction has been transferred,
the next output or command instruction must not
be given until the interrupt line is set true by the
controller.

Controller m-p instructions
The following tables provide details of the program

code mnemonics and define single and 2-byte
operations.

Controller m-p flow charts

The flow charts divide the program into major
sections as shown in flow chart 1.

These sections describe the input sequence and
lead into the read and write functions. The CRC
generator and check functions can be identified
and also the setting of the interrupt line.

Write formats 1, 2 and 3 deal with initialisation
which is controlled from the main computer.

Controller program m-p codes

The program codes are numbered in two sections
0- 511 giving a total of 1024 codes. The program
hexadecimal number is prefixed either 0, 1, 2 or 3
which defines the four areas addressed by the
hardware counter using signals PSEL1 and PSEL2.

Software -1



Cutput Instructions (CPU - Controller)

Address Data transfer Bus (DB) - 7)
Mnemonic Name Bus (Hex.) (Positive logic)

DRIVA Drive xx30 7 0
Address
0 0 0 0 D4 |D3 |D2 ID1

Alogic 1 in one of D1-D4 selects one of four
drives.

Must be given before each command and only
one drive can be selected at a time.

RELTA Relative xx31 7 0
Track
Address R T6 |T5 |T4 |T3 |T2 |TI | TO

The binary number TO-+ T6 is the difference
between the current and the new track address

{T6 most significant bit). R indicates the direction
of the movement. To move the head inwards
(towards a track with higher number), R is set to 1.
Must be given before SEEKT.

SECTA Sector xx32 7 0
Address
0 0 S5 {84 |S3 |S2 |S1 | SO

50 - 85 is the binary sector number, with $5 most
significant bit. An all zero number is not valid.
Must be given before each REDAT, WRTDA or
WTDEL command.

1426 - 10 - 76

TOV 2114

ADDM! Address xx33 7 0
Register
High AlS|Al4|Al3|ALI2|ALL{ AID| A9 | AB

This instruction is used to transfer the most
significant byte of the memory start address to the
controller. Must be given before each REDAT,
WRTDA or WTDEL command. Al135 is the most
significant bit of the memory address.

ADDLO Address xx34 7 0

Register
Low A7 JA6 |AS [A4 A3 A2 (Al | AO

This instruction is used to transfer the least
significant byte of the memory address to the
controller.

Must be given before each REDAT, WRTDA or

WTDEL command. A0 is the least significant bit
of the memory address.

CLKBT Clock xx35 7 0
Byte -
C7 |C6 |C5 1C4 |C3 |C2 |C1 | CO

This instruction is used to transfer the clock bit
pattern of the first byte to be written in a write
format operation.

Must be given before the WRTFO command.

Software [fO-1



Address

Mnemonic Name Bus (Hex.) Data transfer Bus {DB0 - 7}
DATBT Data xx36 7 0
Byte

D7 |D6 |D5{D4(D3tD2|D1| D0

This instruction is used to transfer the data bit
pattern of the first byte to be written in a write
format operation. Must be given before the
WRTFO command.

Input Instruction (Controller - CPU)

Address Data transfer Bus
Mnemonic Name Bus (Hex.) (Positive logic)
SENST Sense xx37 7 0
Status
OPC|DR |NVC|NR |NA | CRE|SM | BSY
OPC = Operation completed
DR = Deleted Record *
NVC = Non-Valid command
NR = Drive not Ready
NA = No Address Mark
CRE = CRC Error
SM = Sector missing
BSY = Busy

NA/CRE = Timing error in read operation.

Comment: The drive is ready when the power is
on, the floppy diskette inserted and the drive is
selected.

The Non-Valid command is set whenever the

CPU transfers an unrecognisable instruction or the
CPU gives a write command and the diskette is
file protected.

The interrupt line is set true whenever one or
more bits in the sense status register is set true,
except for the busy status. The SENST instruction
can be given at any time. SENST must be read
before every new output inst./command because
inst.fcom. must not be given when BSY is true.

* DR is set when a deleted address mark is
detected. Data is transmitted as usual. After
operation is finished both PR and OPC are
true.

SM/CRE = Timing error during read/write
data transfer operation.

Software 1/0-2
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Output Commands {(CPU - Controller)

TDV 2114
1426 - 10 - 76

Address Data transfer Bus {(DBO - 7)
Mnemonic Name Bus (Hex.) (Positive logic)
WRTDA Write xx37 7 0
Data
field 1 1 1 1 0 0 0 1
Hex.: Fl
Prior to the transfer of this command, it is
necessary to carry out the ADPDHI, ADDLO, and
SECTA instructions.
WTDEL Write xx37 7 0
Deleted
Data i 1 1 1 0 0 1 0
Hex.: F2
With this command the controller writes a deleted
ID mark for the data field.
Prior to the transfer of this command, it is
necessary to carry out the ADDHI, ADDLO, and
SECTA instructions.
WRTFO Write xx37 7 0
format
(optional) 1 1 1 1 1 0 1 1
Hex.: FB

This command is employed to initialise an entire
track. Prior to the transfer of this command, it is
necessary to carry out the ADDHI, ADDLO,
CLKBT and DATBT instructions.

In the execution of this command, the data and
clock bit patterns for the whole track must be
provided for by the main memory/CPU.

The controller starts by writing the last 45 bytes of
the pre-index gap. The clock bit pattern for the
first of these bytes must be loaded into the 85
register (with a CLKBT operation) and the data

bit pattemn for the same byte must be ioaded into
the S6 register (with a DATBT operation) before
the WRTFO command is given. The clock bit
pattern for the next byte must be in the first
memory location (the location number is given by
the ADDHI and ADDLO instructions, and the data
bit pattern for this byte must be in the next {(+1)
memory location. Then comes the next clock bit
pattern: and 50 on.

Nominally, there are 5208 bytes of clocks and
5208 bytes of data to be written into one track.
The write operation stops 1 byte after the leading
edge of the index strobe has been detected.
Nominally, this is after the first 275 bytes of the
pre-index gap. Due to speed tolerances, the maip
memory should contain at least 100 bytes of gap
data and 100 bytes of gap clocks, to compensate
for worst case speed variation.
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Address Data transfer Bus (DBO - 7)
Mnemonic Name Bus (Hex.) (Positive logic)
REDAT Read xx37 7 0
Data
field 1 1 1 0 0 0 0 0
Hex.: EO
Prior to the transfer of this command, it is
necessary to carry out the ADDHI and ADDLO
and SECTA instructions.
REDID Read ID xx37 7 0
1 1 ! 0 0 1 1 0
Hex.: E6
This command is used to read an ID-mark. 5 bytes
are transferred to CPU:
Byte  Contents
1. ID Address Mark
2. Track address (binary)
3. Binary zero
4. Sector address (binary)
5. Record length (normally zero).
Prior to the transfer of this command, it is
necessary to carry out the ADDHI and ADDLO
instruction
SEEKT Seek xx37 7 0
Track
1 1 1 0 0 0 1 1
Hex.: E3
This command is used to move the head to a new
track. Prior to this command, it is necessary to
carry out the RELTA instruction
RECAL Recalibrate xx37 7 0

1 1 1 0 1 1 0 0

Hex.: EC

This command moves the head to track 00.

Software 1/O-4
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Diskette Controller mp - Instructions

NOTE: NOT ALL THE FOLLOWING INSTRUCTIONS ARE USED BUT CAN BE MADE AVAILABLE BY SOFTWARE IF REQUIRED

TOV 2114
1426-10-76

Byte 1 Hex. Byte 2 Hex.
Operation Mnemonics | Symbolic 76543210 not. | 76543210 not. | Comments
ACC Clear A 0-~A 01111001 79
operation Set one 1-A 01000111 47
1 byte Iv. A |A-+A 01000001 | &
Inc. A A+l -+ A 01000000 40
Dec. A A-1 - A 01111110 7€
Shift L | |A+A = A 01001110 4E
Shift Linc | A+A+1 =+ A 01000110 46
Memory Copy M M-+ A 01010011 53 Mem. data XX
to Copy M M- A 01100101 | 65 | Mem. data XX
ACC Add M AtM - A 01101010 6A Mem. data XX
operation Addinc M A+M+1 - A 01100010 62 Mem. data XX
2 bytes Sub M A-M -+ A 01010100 54 Mem. data XX
Subdec M A-M-1 - A 01011100 5C Mem. data XX
OR M AUM =+ A 01011111 5F Mem. data XX
XOR M A+M = A 010111 5D | Mem. data XX
XORi M A+M-=A 01100011 63 Mem. data XX
OR M |AUM =+ A 01100111 | 67 | Mem. data XX
Device COPY D D-A 111D4 - DO - 00010011 13 Device addresses:
to ACC corYy D D-+A 11104 — DO | - 00100101 25 | Read Clock register: FO
operation Add D A+D » A 11104 - DO - 00101010 2A (1111 0000)
Addinc D A+D+1 - A 111D4 - DO - 00100010 22
Sub D A-D » A 111D4 - DO - 00010100 14 Read Data register F1
2 bytes Subdec D A-D-1 - A 11104 — DO - 00011100 1C (1111 0001)
And D AND =+ A 11104~ DO | - 00110011 33
(TNPUT OR D AUD - A 111D4 — DO | - 00011111 1F S-register EQ -
instruction) | XOR D A+D + A 11104 — DO - 00011101 1D | EF. (1110 S3 — S0)
XORi D A+D - A 111D4 — DO - 00100011 23
AND D |AND + A 11104 — DO| - |00110101 | 35
OR D |AuD~+A 111D4 — DO| - |00100111 | 27
Test TEQ M A=M-=>? 00011100 1C Mem. data XX | Testif A =B, with
operation JA = B instr.
No TGTRM A>M-? 00011100 iC Mem. data XX | Testif A >M
clocking with JCary inst.
of acc A>M if JCary =0
2 bytes TLSS M A<Ma~? 00010100 14 Mem. data XX | Testif A< M with
JCary inst.
A< Mif JCary = 1
Jump JUNC Jump uncond. 10110000 BO | Address XX
operation JEQ Jumpif A=M 10110001 B1 Address XX
2 bytes JCary Jump if carry = 1 10110010 B2 Address XX
JINLD Jump if INLD=1 10110011 B3 Address XX | Jump if input reg. loaded
JCOLD Jump if COLD = 1 10110100 B4 Address XX | Jump if command reg.
loaded
JPULS Jump if PULS = 1 10110101 B5 Address XX | Jump if puls is set
JNRDY Jump if RDYS =1 10110110 B6 | Address XX | Jump if diskette is not
ready
JNTRO Jump if TRCO =1 10110111 B7 | Address XX | Jump if head is not on
track 00
JNWPT Jump if WPRT = 1 10111000 B8 Address XX | Jump if diskette is not write
. protected
JCRCE Jump if CRCE =1 10111001 B9 Address XX | Jump if CRC error
JCODD Jump if CODD = 1 10111010 BA | Address XX | Jump if clock identification
is detected (data) or 8 bit
clock set
JDATR Jump if DATR =1 10111011 BB Address XX | Jump if Data Request is set
JTERR Jump if TERR =1 10111100 BC | Address XX | .Jump if read timing error is
set
JNINX Jump if INDX =1 10111101 BD | Address XX | Jump if index has not been
detected
JIDMD Jump if IDMOD=1 10111111 BF Address XX | Jump if IDMOD=1
JREST Jump if JREST =1 10111110 BE Address XX | Jump if Reset sync is set

Software mp-1



Diskette Controller mp - Instructions

Byte 1 Hex Byte 2 Hex.
Operation | Mnemonics | Symbolic 76643210 not. | 76543210 not. | Comments
Transter MTHADR | M + HADRG 117010001 D1 Address XX | High Address Reg.
operation MTLADR | M -+ LADRG 11010010 D2 | Address XX | Low Address Reg.
MTDBUSR | M +» TDBUSR 11010011 D3 Data XX | Data bus output reg.
M-D MTSTAR M .-+ STATR 11010100 | D4 | Data XX | Data to status reg.
2 bytes MTFLOPR | M + FLOPR 11010101 D5 Data XX | Data to diskette drive reg.
Bit0 = select1
Bit1 = select2
Bit2 = select3
Bit3 = select4
Bit5 = step pulse
Bit 7 = step direction
MTWDATR| M » WDATR 11010110 D6 | Data XX | Data to Write reg.
MTWCLKR| M » WCLKR 1 010111 D7 | Data XX | Data to Write clock reg.
MTSREG M -+ SREG 1 00S3 -S0 CX | Data . XX | Data from memory to S-reg.
Transfer ATHADR | A ~HADR 10010001 91 Acc. to high address reg.
operation ATLADR A -+ LADR 10010010 92 Acc. to low address reg.
A-D ATBUSR A -+ DBUSR 10010011 93 Acc, to data bus out reg.
1 byte ATSTAR A =+ STATR 10010100 94 Acc. to status reg.
ATFLOPR | A » FLOPR 10010101 95 Acc. to diskette drive reg.
Bit0 = select1
Bit1 = select2
Bit2 = select3
Bit3 = select4
Bit5 = step pulse
Bit 7 = step direct
ATWDATR| A - WDATR 10010110 96 Acc. to write data reg.
ATWCLKR| A +» WCLKR 10010111 97 Acc. to write clock reg.
ATSREG A - SREG 100083 -S0 8X Acc. to S-reg.
Transfer TESREG E -» SREG 1010XXXX AX Transfer data from E-reg. to
operation S-reg. The addresses are
E-+S supplied automatically. S-reg;
1 byte Drive address . 30
Rel. trac. Addr : 31
Sec. Address 32
Add. H. Reg. : 33
Add. L. Reg. . 34
Command : 37
A-D ATCOMB | A » COMBR 10010000 90 BitO0 = Page 1 (PSEL 1)
1 byte Bit1 = Count 7 enable
operation Bit2 = Page 2 (PSEL 2)
Bit3 = Readdata2
M-D MTCOMB | M - COMBR 11010000 DO | Mem. data XX (disable line)
2 byte Bit4 = Readdata1
operation (daten)
Bit5 =‘ Write data 2
Bit6 = Writedata 1
Bit7 = SyncR
A-+D ATGENR | A #» GENR 10011000 98 Bit0 = Not used
1 byte Bit1 = Inter. Reg.
operation Bit2 = R1 (RESDI)
Bit3 = Set DR (Dgta
M-+D MTGENR | M » GENR 11011000 D8 | Mem. data XX . Request)
2 byte . Bit4 = Notused
operation (ENOMB, OUTPUT Bit5 = Notused
and 2 BYTE) Bit6 = Notused
Bit7 = R2 (RESJC)
-
. The OUTPUT necessary for GENCL means R1  R2
output (data) from the mp to the various ,
registers on the board. 0 o Don't care
Does not imply a computer to board o 1 Don't care
wansfer. 1 0 RESJC
1 1 RESDI
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