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ID-7045 FLOPPY DISK CONTROLLER.

1. DESCRIPTION.

THE ID-7045 MODULE comes in two different versions X and Y
depending upon the actual components installed on the module.

The X version controls a maximum of three 5" mini floppy disk
drives, while the Y version controls a maximum of four 8" nor-
mal floppy disk drives. In both cases the drives may be single
or dual headed and the recording method may be FM or MFM.

The key component on the ID-7045 module 1s the FD 1791 Floppy
Disk Controller which is described in appendix 1.

2. ADDRESSING.

The ID-7045 module uses eight addresses. When ADR(2)=0 the

FD 1791 controller 1s addressed and ADR(1:0) selects the va-
rious registers in the FD 1791 controller as described in ap-
pendix 1. When ADR(2)=1 an external control register ECR(T7:0)
is addressed and ADR(1:0) is not used.

The address of the module is selected by a switch on the modu-
le. ADR(7:3) is compared with the switch register and if there

is a match a card select signal is generated.




ID-7045 FLOPPY DISK CONTROLLER.

3. EXTERNAL CONTROL REGISTER.

The external control reglster is named ECR. The bits in ECR
have the followlng meaning:

ECR(1:0) : Selects the disk drive.
ECR(2) : Disables the disk drive.
ECR(3) : Motor ON; see comments below.
ECR(4) : Not used.

ECR(5) : Side.

ECR(6) : Single density.

ECR(7) : Not used.

Comments: If ECR(1:0)=11 no disk drive is selected in the X
version. This is equivalent to ECR(2)=1. If ECR(3)=1 the motor
is running in the X version while it is stopped in the Y ver-

sion.

If a single sided diskette is placed in a dual headed disk
drive you must use ECR(5)=0.

NOTICE: Data is complemented before ECR is loaded.

i, PROGRAMMING.

The module allows DMA or non DMA transfers. When non DMA tran-
fers are used the program must read the status of the control-
ler in order to determine if a new byte is ready to be trans-

ferred.

When selecting head stepplng rate you must know the clock rate
which is 1 MHz for the X version and 2 MHz for the Y version.



ID-7045 FLOPPY DISK CONTROLLER.
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5. INTERRUPTS.

The module has two interrupt sources, INTRQ from the FD 1791
floppy disk controller and INTDMA form the DMA channel. INTRQ
is described in appendix 1. INTDMA is active when the word-
count in the associated DMA channel equals zero. The interrupt
INTDMA is cleared when you read the status of the controller
or when you send a new command to the controller. By a strap
on the module you can connect the interrupt source to the in-

terrupt request lines IR(7:0).

Notice: You cannot use programmed interrupt driven data trans-
fers as DRQ cannot be connected to IR(7:0).
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Versicn X: 5" Mini Floppy Disk Interface.

PIN SINAL NAME

2 HEAD LOAD

4 ceaaas

6 READY

8 INDEX/SECTOR
10 DRIVE SELECT 0
12 DRIVE SELECT 1
14 DRIVE SELECT 2
16 MOTOR ON

18 DIRECTION IN
20 STEP

22 WRITE DATA

24 WRITE GATE

26 TRACK 00

28 WRITE PROTECT
30 READ DATA

32 SIDE

3y

0dd numbered pins: GROUND

Connector: 3M 3431-100 flat cable connector



ID-7045 FLOPPY DISK CONTROLLER.

Version ¥Y: 8" Floppy Disk Interface.

48
50

--------

ODD numbered pins: Ground.

Connector: 3M 3433-100 flat cable connector.

i
I PIN SIGNAL NAME
I 02
0l MOTOR OFF
06 Ceeeeeas
l 08 LOI
10 s
| 12 e,
14 SIDE 2
I 16 s
8 e
I 20 INDEX
22 READY
240 e
l 26 SELECT 0
28 SELECT 1
I 30 SELECT 2
32 SELECT 3
l 34 STEP IN
" 36 STEP
l 38 WRITE DATA
40 WRITE GATE
I 42 TRACK ZERO
L WRITE PROTECT
l 46 READ DATA
|
I
|
|
i
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GENERAL DESCRIPTION
The FD178X are MOS LSI devices which perform the
functions of a Floppy Disk Formatier/Controller in
a single chip implementation. The FD179X, which
can be considered the end result of both the FD1771
and FD1781 designs, is IBM 3740 compatible in
single density mode (FM) and System 34 compatible
in Double Density Mode (MFM). The FD179X con-
tains all the features of ils predecessor the FD1771,
plus the added features necessary to read/write and
format a double density diskette. These include ad-
dress mark detection, FM and MFM encode and de-
code logic, window extension, and write precompen-
sation. In order to maintain compatibility, the FD1771,
FD1781, and FD179X designs were made as close as

possible with the computer interdace, instruction sed,
and /O registers being identical. Also, head load
contiol is identical. In each case, the actual pin as-
signments vary by only a few pins from any one to
another.

The processor interface consists of an 8-bit bi-
directional bus for data, status, and control word
transfers. The FD179X is set up to operate on a mul-
tiplexed bus with other bus-oriented devices.

The FD179X is fabricaled in N-channel Silicon Gate
MOS technology and is TTL compatible on all inputs
and outpuis. The 1793 is identical to the 1791 except
the DAL lines are TRUE for systems that utilize true
data busses,

PIN OUTS
PIN *
NUMBER PIN NAME SYMBOL FUNCTION

1 NO CONNECTION NC Pin 1 is internally connected to a back bias
generator and must be left open by the user.

19 MASTER RESET MR A logic low on this input resets the device and
loads HEX 03 into the command register. The Not
Ready (Status Bit 7) is reset during MR ACTIVE.
When MR is brought to a logic high a RESTORE
Command is executed, regardless of the state of .
the Ready signal from the drive. Also, HEX 01 is
loaded into sector register.

20 POWER SUPPLIES Vss Ground

21 Vce +5V +5%

40 Voo +12V +5%

COMPUTER INTERFACE:

2 WRITE ENABLE WE A logic low on this input gates data on the DAL
into the selected register when CS is low.

3 CHIP SELECT CS A logic low on this input selects the chip and ena-
bles computer communication with the device.

4 READ ENABLE RE A logic low on this input controls the placement of
dala from a selected register on the DAL when CS
is low.

56 REGISTER SELECT AD, A1 These inputs select the register to receive/
LINES transfer dala on the DAL lines under RE and WE
control: K
Al AD RE WE
0 0 Status Reg Command Reg
0 1  Track Reg Track Reg
1 0  Seclor Reg Seclor Reg
1 1 Data Reg Data Reg
7-14 DATA ACCESS LINES DALO-DAL7 | Eight bit inverted Bidirectional bus used for trans-
fer of data, control, and status. This bus is receiver
enabled by WE or transmitler enabled by RE.
24 CLOCK CLK This input requires a free-running square wave

clock for internal timing reference, 2 MHz for 8"
drives, 1 MHz for mini-drives.
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PiN

NUMBER

38

39

PIN NAME

'DATA REQUEST

INTERRUPT
REQUEST

FLOPPY DISK INTERFACE:

15
16

17

18

22

23

25

26

N
~1

28

29

30

31

STEP
DIRECTION

EARLY

LATE

TEST

HEAD LOAD TIMING

READ GATE

READ CLOCK

RAW READ

HEAD LOAD

TRACK GREATER
THAN 43

WRITE GATE

WRITE DATA

SYMBOL

FUNCTION

DRQ

INTRQ

STEP
DIRC

EARLY

LATE

TEST

HLT

RG

RCLK

RAW READ

HLD

TG43

WG

wD

This open drain oulput indicates that the DR con-
tains assembled data in Read operations, or the
DR is empty in Write operations. This signal is
reset when serviced by the computer through
reading or loading the DR in Read or Wrile opera-
tions, respectively. Use 10K pull-up resistor to +5.

This open drain output is set at the completion of any
command and is reset when the STATUS register is
read or the command register is writien to. Use 10K
pull-up resistor to +5.

The slep output contains a pulse for each step.

Direction Output is aclive high when stepping in,
active low when stepping out.

Indicales that the WRITE DATA pulse occurring
while Early is active (high) should be shifted early
for write precompensation.

Indicates that the write data pulse occurring while
Late is active (high) should be shified late for write
precompensation.

This input is used for testing purposes only and
should be tied to +5V or left open by the user un-
less interfacing to voice coil actuated motors. . .

When a logic high is found on the HLT input the
head is assumed to be engaged.

A high level on this oulput indicales to the data
separator circuitry that a field of zeros (or ones)
has been encountered, and is used for synchroni-
zation.

A nominal square-wave clock signal derived from
the data stream must be provided to this input.
Phasing (i.e. RCLK transitions) relative to RAW
READ is important but polarity (RCLK high or low)
is not.

The data input signal directly from the drive. This
input shall be a negative pulse for each recorded
flux transition.

The HLD output controls the loading of the
Read-Write head against the media.

This output informs the drive that the Read/Write
head is positioned between tracks 44-76. This output
is valid only during Read and Write Commands.

This output is made valid before writing is to be
performed on the diskette.

A 250 ns (MFM) or 500 ns (FM) pulse per flux
transition. WD contains the unique Address marks
as well as data and clock in both FM and MFM
formats.




T
NUMBER PIN NAME SYMBOL
32 READY READY
33 WRITE FAULT WF/VFOE

VFO ENABLE
34 TRACK 00 TROO
35. INDEX PULSE P
36 WRITE PROTECT WPRT
37 DOUBLE DENSITY DDEN

FUNCTION

This input indicates disk readiness and is sampled
for a logic high before Read or Write commands
are performed. If Ready is low the Read or Write
operation is not performed and an interrupt is
generated. Type | operations are performed re-
gardless of the state of Ready. The Ready input
appears in inverted format as Status Register bit
7.

This input detects writing fault indications from
the drive. When WG = 1 and WF goes low the
current Write command is terminated and the
Write Faull slatus bit is set. The WF input should
be made inactive (high) when WG becomes inac-
tive. When WG = 0, this pin functions as a VFO
enable output. VFOE is made active when the
head is fully engaged and data is being inspecled
off of the diskette.

This input informs the FD179X that the Read/Write
head is positioned over Track Q0.

This input informs the FD 173X when the index hole
is encountered on the disketfte.

This input is sampled whenever a Write Command
is received. A logic low terminates the command
and sets the Write Protect Status bit.

This pin selects either single or double density op-
eration. When DDEN = 0, double density is
selected. When DDEN = 1, single density is
selected. This line must be left open on the 1792/4

ORGANIZATION

The rioppy Disk Formatter block diagram is illus-
trated on page 5. The primary sections include the
paralle! processor inlerface and the Floppy Disk inter-
face.

Data Shift Register—This 8-bit register_assembles
serial data from the Read Data input (RAW READ)
during Read operations and t{ransfers serial data to

the Write Data output during Write operations.

Data Register—This 8-bit register is used as a hold-
ing register during Disk Read and Write operations.
In Disk Read operations the assembled data byte is
transferred in parallel fo the Data Register from the
Data Shift Register. in Disk Write operations informa-
tion is transferred in parallel from the Data Regisler
to the Data Shift Register.

When executing the Seek command the Data Regis-
ler holds the address of the desired Track position.
This regisler is loaded from the DAL and gated onto
the DAL under processor control.

Track Register—This 8-bit regisier holds the track
number of the current Read/Wrile head position. 1t is

incremented by one every time the head is stepped in
(towards track 76) and decremented by one when the
head is stepped cut (towards track 0Q). The contents
of the register are compared wiih the recorded track
number in the ID field during disk Read, Write, and
Verify operations. The Track Register can be loaded
from or transferred to the DAL. This Register should
not be loaded when the device is busy.

Sector Register (SR)—This 8-bit register holds the
address of the desired sector position. The conlents
of the register are compared with the recorded sector
number in the ID field during disk Read or Write op-
erations. The Sector Register contenis can be loaded
from or transferred to the DAL. This register should
not be loaded when the device is busy.

Command Register (CR)—This 8-bit register holds
the command presently being executed. This register
should not be loaded when the device is busy uniess
the new command is a force interrupt. The command
register can be loaded from the DAL, but not read
onto the DAL.
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Status Register (STR)—This 8-bit register holds de-
vice Status information. The meaning of the Status
bits is a function of the type of command previously
executed. This register can be read onto the DAL,
but not loaded from the DAL.

CRC Logic—This logic is used to check or to gener-
ate the 16-bit Cyclic Redundancy Check (CRC). The
polynomialis: G(x) = x'® + x'2 4+ x5 + 1.

The CRC includes all information starting with the
address mark and up to the CRC characters. The
CRC register is preset to ones prior o data being
shifted through the circuit.

Arithmetic/logic Unit (ALU)—The ALU is a serial
comparator, incrementer, and decrementer and is
used for register modification and comparisons with
the disk recorded ID field.

Timing and Control—All computer and Floppy Disk
Interface controls are generated through this logic.

The internal device timing is generated from an ex-
ternal crystal clock.

The FD1791/3 has two different modes of operation
according to the state of DDEN. When DDEN = 0
double density (MFM) is assumed. When DDEN = 1,

single density (FM) is assumed.

AWM Deteclor—The address mark delector detects
D, data and index address marks during read and
write operations.

PROCESSOR INTERFACE

The interface 1o the processor is accomplished
through the eight Data Access Lines (DAL) and as-
sociated control signals. The DAL are used to trans-
fer Data, Status, and Control words out of, or into the
FD179X. The DAL are three state buflers that are en-
abled as output drivers when Chip Select (CS} and




Read Enable (RE) are active (low logic state) or_act
as input receivers when CS and Write Enable (WE)
are aclive.

When transfer of data with the Floppy Disk Controller
is required by the host processor, the device address
is decoded and CS is made low. The address bits A1
and A0, combined with the signals RE during a Read
operation or WE during a Write operation are inter-
preted as selecling the following registers:

A1-AD
0 0

READ (RE)
Status Register
0 1 Track Register
10 Sector Register
11 Data Register

WRITE (WE)
Command Register
Track Register
Sector Register
Data Register

During Direct Memory Access (DMA) types of data
transfers between the Data Register of the FD179X
and the processor, the Data Request (DRQ) output is
used in Data Transfer control. This signal also ap-
pears as slatus bit 1 during Read and Write opera-
tions.

On Disk Read operations the Data Request is acti-
vated (set high) when an assembled serial input byle
is transferred in paralle] to the Data Register. This bit
is cleared when the Data Register is read by the pro-
cessor. I the Data Register is read afier one or more
characters are lost, by having new data transferred
into the register prior to processor readout, the Lost
Data bit is set in the Status Register. The Read op-
eration continues until the end of sector is reached.

On Disk Write operations the data Request is acti-
valed when the Data Register transfers ils conlents
io the Data Shift Register, and requires a new data
byte. It is reset when the Data Register is loaded
with new data by the processor. If new data is not
loaded at the time the next serial byte is required by
the Floppy Disk, a byte of zeroes is written on the
diskette and the Lost Data bit is set in the Status Re-
gister.

At the completion of every command an INTRQ is
generated. INTRQ is reset by either reading the
status register or by loading the command register
with a new command. In addition, INTRQ is gener-
aled if a Force Interrupt command condition is met.

FLOPPY DISKANTERFACE

The 1791 and 1793 have two modes of operation ac-
cording to the state .of DDEN (Pin 37). When
DDEN = 1, single density is selected. In either case,
the CLK input (Pin 24) is at 2 MHz. However, when
interfacing with the mini-floppy, the CLK input is set
at 1 MHz for both single density and double density.
When the clock is at 2 MHz, the stepping rates of 3,
6, 10, and 15 ms are oblainable. When CLK equals 1
MHz these times are doubled. The 1792/4 operates
in the single density mode only, with Pin 37 left open
by the user.

HEAD POSITIONING

Five commands cause posilioning of the Read-Write
head (see Command Section). The period of each
positioning step is specified by the r field in bits 1 and
0 of the command word. After the last directional

"step an additional 15 milliseconds of head settling

time lakes place if the Verify flag is set in Type |
commands. Note that this time doubles to 30 ms for
a 1 MHz clock. It TEST = 0, there is zero settling
time. There is also a 15 ms head settling time if the E
flag is set in any Type Il or lll command.

The rales (shown in Table 1) can be applied to a
Step-Direction Motor through the device interface.

Step—A 2 us (MFM) or 4 us (FM) pulse is provided
as an output to the drive. For every step pulse is-
sued, the drive moves one track location in a direc-
tion determined by the direction output.

Direction (DIRC)—The Direction signal is active high
when stepping in and low when stepping out. The Di-
rection signal is valid 12 us before the first stepping
pulse is generated,

When a Seek, Siep or Restore command is executed
an optional verification of Read-Write head position
can be performed by selting bit 2 (V = 1) in the
command word to a logic 1. The verification operation |
begins at the end of the 15 millisecond settling time
after the head is loaded against the media. The track
number from the first encountered ID Field is com-
pared against the contents of the Track Register. If
the track numbers compare and the ID Field Cyclic
Redundancy Check (CRC) is correct, the verify oper-
ation is complete and an INTRQ is generated with no
errors. The FD179X must find an ID field with correct
track number and correct CRC within 5 revolutions of
the media; otherwise the seek error is set and an
INTRQ is generated.

Table 1. STEPPING RATES

CLK 2 MHz

2 MHz 1 MHz 1 MHz 2 MHz 1 MHz
DDEN 0 1 0 1 X X
R1R0 TEST=1 TEST=1 TEST=1 TEST=1 TEST=0 TEST=0
00 3 ;1;5—_)7 3ms 6 ms l;ms 184ps  368us N
a1 & ms 6 ms 12 ms 12 ms 190us  380us
10 10 ms 10 ms 20 ms 20 ms 188us  396us
11 15ms 15ms 30ms 30 ms 208ps  41Bus

The Head Load (HLD) output controls the movement
of the read/write head against the media. HLD is ac-
tivated at the beginning of a Type | command if the h
flag is set (h = 1), at the end of the Type | command
if the verify flag (V = 1), or upon receipt of any Type
Ior Nl command. Once HLD is active it remains ac-
tive until either a Type | command is received with
(h =0and V = 0); orif the FD179X is in an idle state
(non-busy) and 15 index pulses have occurred.



Head Load Timing (HLT) is an input to the FD179X
which isused for the head engage time. When
HLT =1, the FD179X assumes the head is com-
pielely engaged. The head engage time is iypically
30 1o 100 ms depending on drive. The low to high
transition on HLD is typically used 1o fire a one shot.
The output of the one shot is then used for HLT and
supplied as an input to the FD179X.

o
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I
]

50 70 100mS ———=]

{
7
HLT {FROM ONE SHOT)

HEAD LOAD TIMING

When both HLD and HLT are true, the FD179X will
then read from or write to the media. The “and" of
HLD and HLT appears as a status bit in Type |
slatus.

In summary for the Type | commands: if h = 0 and
V=0,HLDisreset. Ifh = 1and V = 0, HLD is set at the
beginning of the command and HLT is not sampled nor
is there an internal 15 ms delay. F h =0 and V =1,
HLD is set near the end of the command, an internal
15 ms occurs, and the FD179X waits for HLT to be
true. If h = 1 and V = 1, HLD is set at the beginning
of the command. Near the end of the command, afier
all the steps have been issued, an internal 15 ms
delay occurs and the FD179X then wails for HLT to
occur.

For Type Il and Il commands with E flag off, HLD is
made active and HLT is sampled until true. With E
flag on, HLD is made active, an internal 15 ms delay
occurs and then HLT is sampled until true.

DISK READ OPERATIONS

Secilor lengths of 128, 256, 512 or 1024 are obtaina-
ble in either FM or MFM formats. For FM, DDEN

_shoi'd be placed to logical “1.” For MFM formats,

DDEN should be placed to a logical “0.” Secior
lengths are determined at format time by a special
byte in the "ID" field. If this Sector length byte in the
ID field is zero, then the sector length is 128 bytes. If
01 then 256 bytes. If 02, then 512 byies. If 03, then
the sector length is 1024 byles. The number of sec-
tors per track as far as the FD179X is concerned can
be from 1 1o 255 sectors. The number of tracks as far
as the FD179X is concerned is from 0 to 255 tracks.
For IBM 3740 compatibility, sector lengths are 128
byles with 26 sectors per track. For System 34 com-
patibility (MFM), sector lengths are 256 bytes/sector
with 26 sectors/track; or lengths of 1024 byies/seclor
with B seclors/track. (See Sector Length Table.)

READ Data (Pin 27) signal which is a 250 ns pulse
per fiux transition and a Read clock (RCLK) signal to
mdicate flux transition spacings. The RCLK (Pin 26}
signal is provided by some drives but if not it may be

For read operations, the FD179X requires RAW

derived externzlly by Phase lock 10ops, one shotg, or
counter technigues. In addition, a Read Gate Signal
is provided as an output (Pin 25) which can be usod
to inform phase lock loops when to acquire syn-
chronization. When reading from the media in FM. RG
is made true when 2 byles of zeroes are detected.
The FD179X must find an address mark within the
next 10 byles; otherwise RG is resel and the search
for 2 bytes of zeroes begins all over again. If an ad-
dress mark is found within 10 byles, RG remains true
as long as the FD179X is deriving any useful informa-
fion from the data stream. Similarly for MFM, RG is
made active when 4 byles of “00" or “FF" are de-
lected. The FD179X must find an address mark
within the next 16 bytes, otherwise RG is reset and
scarch resumes,
During read operations (WG = 0), the VFOE (Fin 33)
is provided for phase lock loop synchronization.
VFOE will go active when:

a) Both HLT and HLD are True

b) Settling Time, if programmed, has expired

c) The 179X is inspecting dala off the disk
If WF/VFOE is not used, leave open or lie to a 10K
resisiorto +5.

DISK WRITE OPERATION

When writing is to take place on the diskette the
Write Gate (WG@G) output is aclivaled, allowing current
to flow into the Read/Write head. As a precaution to
erroneous writing the first data byle must be loaded
into the Data Register in response to a Data Request
from the FD179X before the Write Gate signal can be
activated.

Writing is inhibited when the Write Protect input is a
logic low, in which case any Write command is im-
mediately terminated, an interrupt is generated and
the Wrile Protect status bit is set. The Write Fault in-
put, when activated, signifies a writing fault condition
delected in disk drive electronics such as failure to
detect write current flow when the Write Gate is acti-
vated. On delection of this fault the FD179X termi-
nates the current command, and sets the Write Fault
bit (bit 5) in the Status Word. The Write Fault input
should be made inactive when the Write Gate oulput
becomes inactive.

For write operations, the FD179X provides Write
Gate (Pin 30) and Write Data (Pin 31) outpuis. Write
data consists of a series of 500 ns pulses in FM
(DDEN = 1) and 250 ns pulses in MFM (DDEN = 0).
Write Dala provides the unique address marks in
both formats.

Also during write, two additional signals are provided
for write precompensation. These are EARLY (Pin
17} and LATE (Pin 18). EARLY is active true when
the WD pulse appearing on (Pin 30} is to be writien
early. LATE is active true when the WD pulse is to be
written LATE. If both EARLY and LATE are low when
the WD pulse is present, the WD pulse is to be writler: at
nominal. Since write precompensation values vary from
disk manufacturer to disk manufacturer, the actual
value is determined by several one shots or delay linas
which are located external to the FD179X. The write
precompensation signals EARLY and LATE are valid
for the duration of WD in both FM and MFM formats.




_‘.‘»’hencver a Read or Write command (Type 1 or 11
Is received the FD179X samples the Ready input. If
this input is logic low the command is not execuled
and an interrupt is generated. All Type | cormmmands
are performed regardless of the state of the Ready
input. Also, whenever a Type Il or Il command is re-
ceived, the TG43 signal output is updated.

COMMAND DESCRIPTION

The FD179X will accept eleven commands. Com-
mand words should only be loaded in the Command
Register when the Busy status bit is off (Status bit 0).
The one exception is the Force Interrrupt command.
Whenever a command is being executed, the Busy
status bit is set. When a command is completed, an
interrupt is generated and the Busy status bit is re-
set. The Status Register indicales whether the com-
pleted command encountered an error or was fault
free. For ease of discussion, commands are divided

into four types. Commands and types are sum-
marized in Table 2.

Table 2. COMMAND SUMMARY

B - BITS ]
TYPECOMMAND 7 65 43 2 1 0]
| Restore - 0000 NNV rl:;_
| Seek 0001thVnr
l Step o 001 uhVinr
i Step in - 01T0uhVrnr
1 tep Out ' 01 1uhvVor
1 Fead Sector 100mSECOO
i Write Sector 101 mSECa,
Il Read Address 11000EO0O0
NI ReadTrack ~ - 11100E 00
HI Write Track 11110E00
v .F.r.-ﬁ'r.‘-t_:’_@.tarrruptﬁ- 1T 1.0 11 L1 Iﬁ

Note: Bits shown in TRUE form.

Table 3. FLAG SUMMARY

e

F | COMMANDS
h = Head Load Flag (Bit 3)
h =1, Load head at beginning
h =0, Unload head at beginning
V_= Verify flag (Bit 2) '
V =1, Verify on destination track
V = 0. No verify -

nire = Slepping motor rate (Bits 1-0)

Refer to Table 1 for rate summary
u = Update flag (Bit 4) '
u =1, Update Track register

u = 0, No update

Table 4. FLAG SUMMARY

TYPE Il & Ill COMMANDS

m = Multiple Record flag (Bit 4)

m = 0, Single Record
m = 1, Multiple Records

a; = Data Address Mark (Bit 0)

a = 0, FB (Data Mark)
a =1, F8 (De?eied Data Mark)

E = 15 ms Delay (2MHz)
E =1, 15 ms delay
E =0, no 15 ms delay

S = Side Select Flag

S = 0, Compare for Side 0
S =1, Compare for Side 1

C = Side Compare Flag

- C =0, disable side select compare
C =1, enable side select compare

]
Table 5. FLAG SUMMARY
TYPE IV COMMAND
li = Interrupt Condition flags (Bits 3-0)
10 = 1, Not-Ready to Ready Transition
I1 =1, Ready to Not-Ready Transition
2 =1, Index Pulse
I3 = 1, Immediate Interrupt
I3 -1g = 0, Terminate with no Interrupt
_ N

TYPE | COMMANDS

The Type | Commands include the Restore, Seek,
Step, Step-In, and Step-Out commands. Each of the
Type | Commands contains a rate field (rorr), which

determines the stepping motor rate as defined in
Table 1.

The Type | Commands contain a head load flag (h)
which determines if the head is to be loaded at the
beginning of the command. If h = 1, the head is
loaded at the beginning of the command (HLD output
is made active). If h = 0, HLD is deactivated. Once
the head is loaded, the head will remain engaged
until the FD179X receives a command that specifi-
cally disengages the head. If the FD179X is idle
(busy = 0) for 15 revolutions of the disk, the head will
be automaitically disengaged (HLD made inactive).

The Type | Commands also contain a verification (V)
flag which determines if a verification operation is to
lake place on the destination track. If V = 1, a verifi-
cation is performed, if V = 0, no verification is per-
formed.

During verification, the head is loaded and after an
internal 15 ms delay, the HLT input is sampled.
When HLT is active (logic true), the first encountered
ID field is read off the disk. The track address of the




hen compared 10 the Track Regisier, if Register is loaded with seroes and @i clorupt U
2 and a valid 1D CRC, the venfication ger\era’led it TROO is not active 10w, stepping puises
(pins 15 10 16) al a rate specified by the Nt field are

h interrupt 1S generated and the Busy {
issued untilthe TROO inputis activated. At this time the .
Track Register is loaded with Zeroes and an interruptis ‘,

enerated. If the TROO input does not go active low

after 255 stepping pulses, the FD179% terminates op- .
eration, interrupts, and sels the Seek error status bit.
A verification operation takes place it the V flag is
set. The 0 bit allows the head to be loaded at the
start of comnxan@o\e ihat \he Restore command is
executed when MR goes from an active 1o an inac-

tive slate.

SEEK
This command assumes that the Track Register con-

tains the track number of the current position of the

Read-Write head and the Data Register contains the

desired track number. The FD179X will update the
Track register and issu€ stepping pulses in the ap- by
propriate direction until the contents of the Track re- it
gister are equal 10 the contents of the Data Register 1

(the desired track location). A verification operation f

reset. 1f there is not a match but there is
., an interrupt is genera‘ied, and Seek
it (Status bit 4) is set and the Busy
gmMusel. If there is a malch bul not a valid
CRC error stalus bit is sel (Status bit 3),
encountered ID field is read from the
erification gperation. if an 1D field with a
cannot be found after four revolutions of
. FD179% terminates the operation and

e rrupt, (lNTHO).

, Siep-in, and Step-Oul commands contain
jlag (U). When U = 1, the track register is
i

JEpE—————t

S

one for each siep. When U =0, the track
ot updated.

(SEEK TRACK 0)
t of this command the Track 00 (TROO)

| sampled. if TROO is active oW indicating the
Q, the Track

ite head is positioned over track
is postort=” ~ — ————

ATYPE!

COMMAND BEEN

RECEWED
?

SET BUSY. RESET CRC.
EEX ERAOR pRQ INTRO

YES RESET
” DIRECTION —

1S
COMMAND
A

STEP
7

s

YES COMWAND
A

SEEK
B

;. REST ORE

&7
TYPE | COMMAND FLOW

YES
— pTO IR

HEAD AT

TRACK D AND

DIRECTION
=0

DELAY ACCC‘cﬂlNG
10 RY. RO FIELD

TYPE | COMMAND FLOW




takes place if the Vflag is on. The h bit allows the
head to be loaded at the start of the command. An
interrupt is generated at the completion of the com-
mand.

STEP

Upon receipt of this command, the FD179X issues
one slepping pulse to the disk drive. The stepping
molor direclion is the same as in the previous step
command. Afler a delay determined by theriro field, a
verification takes place if the V flag is on. If the u flag is
on, the Track Register is updated. The h bil allows the
head fo be loaded at the start of the command. An
interrupt is generated at the completion of the command.

STEP-IN

Upon receipt of this command, the FD179X issues
one stepping pulse in the direction towards track 76.
If the u flag is on, the Track Register is incremented
by one. After a delay delermined by the niro field, a

INTRO RESET BUSY

HAVE
5 INDEX
HOLES
FASSED
2

INTARQ RESET BUSY
SET SEEK EHROR

HAS
D AM HEEN
CETECTED

NO

i

15

THERE A

CRC ERROR
?

ST CAC

DOES

TR= TRACK

ADDRESS OF 1D

FIELD
?

INTRQ
HESETY BUSY

NOTE. IF TEST - 0 THERE IS NO 15MS DELAY

NO

W TEST 1 AND CLX © 1 Mz THERF 1S A 30MS DELAY

TYPE | COMMAND FLOW

10

verification takes place if the V flag is on. The h bit
allows the head to be loaded at the start of the
command. An inlerrupt is generaled at the comple-
tion of the command.

STEP-OUT

Upon receipt of this command, the FD179X issues
one slepping pulse in the direction towards track 0. If
the u flag is on, the Track Regisier is decremented by
one. After a delay delermined by the riro field, a ver-
ificalion takes place if the V flag is on. The h bit al-
lows the head to be loaded at the start of the com-
mand. An interrupt is generated at the completion of
the command.

TYPE Il COMMANDS

The Type Il Commands are the Read Seclor and
Write Sector commands. Prior to loading the Type Il
Command into the Command Register, the computer
must load the Seclor Register with the desired sector
number. Upon receipt of the Type Il command, the
busy status Bit is set. If the E flag =1 (this is the
normal case) HLD is made active and HLT is sam-
pled after a 15 msec delay. If the E flag is 0, the
head is loaded and HLT sampled with no 15 msec
delay. The ID field and Data Field format are shown
on page 12.

When an D field is located on the disk, the FD179X
compares the Track Number on the ID field with the
Track Register. If there is not a maich, the next en-
countered ID field is read and a comparison is again
made. If there was a maich, the Sector Number of
the ID field is compared with the Sector Register. If
there is not a Sector maltch, the next encountered 1D
field is read off the disk and comparisons again
made. If the ID field CRC is correct, the data field is
then located and will be either written into, or read
from depending upon the command. The FD179X
must find an ID field with a Track number, Sector
number, side number, and CRC within four revolutions
of the disk; otherwise, the Record not found siatus bit is
set (Status bit 3) and the command is terminated with an
interrupt. ' :

Sector Length Table
Sector Length Number of Byles
Fiald (hex) in Seclor {decimal)
00 . 128
01 256
02 512
03 ] 1024

Each of the Type Il Commands contains an (m) flag
which determines if multiple records (seclors) are to
be read or writlen, depending upon the command. If
m = 0, a single sector is read or writlen and an inter-
rupt is generated at the completion of the command.
If m =1, multiple records are read or writien with the
seclor regisler internally updated so that an address
verificalion can occur on the next record. The
FD179X will continue to read or write multiple records
and update the sector registar until the sector regis-



ier exceeds the numbear of seclors on the tack or
until the Force Interrupl command is loaded into the
Command Register, which terminates the command
and generates an interrupt.

if the Sector Register exceeds the number of sectors
on the track, the Record-Not-Found status bit will be
set,

The Type Il commands also contain side select com-
pare flags. When C = 0, no side comparison is made.
When C = 1, the LSB of the side number is read off the
ID Field of the disk and compared with the contents of
the (S) flag. If the S flag compares with the side number
recorded in the ID field, the 179X continues with the
ID search. If a comparison is not made within 5 index
pulses, the interrupt line is made active and the Record-
Not-Found status bit is set.

wNO J
COMMAND e

RECEIVED
7

SET BUSY, RESET DRO. LOST
DATA RECORD NOT FOUND. &
STATUS BITS S & & INTRQ

iNTRO .
RESET BUSY

SET
TG43

RESET TG43 I

- L

INTRO. RESET BUSY
SET WRITE PRCTECT

TNOTE IF TEST 0 TWERE IS ND 158S DELAY '
FYEST 1 AND CLK < 1 Mz THERE 15 30MS DELAY

TYPE Il COMMAND

READ SECTOR

Upon receipt of the Read Sector command, the he-d
is loaded, the Busy slatus bit set, and when an 1D
field is encountered that has the correct track
number, correct sector number, correct side number,
and correct CRC, the data field is presented to the
compuler. The Dala Address Mark of the data field must
be found within 30 bytes in single density and 43 bytes in
double density of the last 1D field CRC byte; if not, the
Record Not Found status bit is set and the operation is
terminated,

When the first characler or byle of the data field has
been shifted through the DSR, it is transferred {o the
DR, and DRQ is generated. When the next byte is
accumulated in the DSR, it is transferred to the DR
and another DRQ is generaled. If the Computer has
not read the previous contents of the DR before a
new character is transferred that character is lost and

HAVE
SINDEX HOLES
PASSED

YES
INTRQ, RESET BUSY
SET RECORD-NOT FOUND,

HAS

IDAM

BEEN

DETECTED
)

DOES

TH = TAACK

ADDRESS OF 1D

FIELD
?

NO

g

SR = SECTOR
ADDRESS OF ID

STORE LFNGTH IN INTERNAL
REGISTER

I BRING 1N SECTOR LENGTH FIELD

15

THERE A

CRC EAROR
7

SEV CAC
1 stATUs ERROR

NO RESET
CRC

TYPE Il COMMAND




GAP| ID

A ;'ﬂcic:c
|DATAFIELD | 1 2

DATAr:r=b"

GAP | DA
C ‘Pl e

In MFM only, {DAM and DATA AM are preceded by three bytes of A1 with clock transition between bils 4 and 5

TRACK ‘ SIDE TSECTOH SECTOR C
| A NUMBESJNUMEEH NUMBER | LENGTH
1D FIELD
missing.
HAS NO
DATA AM NIRG RESET BUSY
OLoum D SET RECUAD MO FOUND
PUT RECORD TYPE IN
STATUS REG BIT 5
o T YES
HAS
NO FIRST BYTE
— BYEN ASSTMELED
IN DSR
?
DR BEEN
AEAD BY _— SET DATA
COMPUTER LOsT
DAC = 0 L -
-
NO ALL BYTES
- BEEN INFUTTED
9
170
i & SECTOR REG
INTRO, RESET BUSY
( SET CRC ERAOR ) i "“‘“::
———— INTRQ RESET 8USY

TYPE ﬂ COMIKAND

the Lost Data Status bit is set. This sequence con-
tinues until the complete data field has been inputted
to the computer. If there is a CRC error at the end of
the data field, the CRC error status bit is set, and the
command is terminated (even if it is a multiple record
command).

At the end of the Read operation, the type of Data
Address Mark encountered in the data field is re-
corded in the Status Register (Bit 5) as shown below:

STATUS
BIT 5 o
1 Deleted Data Mark
0 Data Mark

12

K}

DELAY 7 BYTES OF GaFr J

| SET DRQ l
| DELAY 8 BYTES OF GAP I

LOACED BY

COMPUTER
(DRQ = @

TURN ON WG & WRITE
€ BYTLS OF JERCS ! 1

WRITE DATA Akt
ACCORDING YO ADFIELD
OF WRITE COMMAND

TUAN ON Wi & WRITE
1Z BYYES OF ZERDS

ET CATA
N
,'fj,i LOST
R 'If_ BYTE
OF ZEROS

WRITE 1 BYTE OF FF

HAVE

ALL BYTES

BEEN WRITTEN
]

TUAN OFF WG

TYPE Il COMMAND
WRITE SECTOR

Upon receipt of the Write Sector command, the head
is loaded (HLD active) and the Busy slatus bit is set.
When an ID field is encountered that has the correct
track number, correct sector number, correct side num-
ber, and correct CRC, a DRQ is generated. The FD173X
counts off 11 byles in single density and 22 bytes in
double density from the CRC field and the Write Gate
(WG) output is made active if the DRQ is serviced (i.e.,
the DR has been loaded by the computer). It DRQ has
not been serviced, the command is terminated and the
Lost Data status bit is set. If the DRQ has been ser-
viced, the WG is made active and six bytes of zeros
in single density and 12 byles in double density are



then writlen on the disk. At this time the Data Ad-
dress Mark is then writien on the disk as determined
by the ao field of the command as shown below:

~ao_ Dala Address Mark (Bit0)
1 Deleted Data Mark
0 Data Mark

YES

SET BUSY. RLSET DRO.
LOST DATA STATUS
BITS 4. 8

' LR 1O DSA
I SET DRO

T YE
INTRO HESET
BUSY SET WPRY

SET INTRO NO
LOST DATA -
R SET BUSY

HAS
DRO BEEN
SERVICE

TYPE lli COMMAND WRITE TRACK

The FD179X then writes the data field and generates
DRQ's to the compuler. If the DRQ is not serviced in
time for continuous writing the Lost Data Status Bit is
set and a byte of zeros is written on the disk. The
command is not lerminated. After the last data byte
has been written on the disk, the two-byte CRC is
compuied internally and written on the disk followed
by one byte of logic ones in FM or in MFM. The WG
outpul is then deactivated.

TYPE Il COMMANDS
READ ADDRESS

Upon receipt of the Read Address command, the
head is loaded and the Busy Status Bit is set. The

13

YES WHITE 2 CAC
T CHARS CLK = FF A
YES WHITE FC
B "l Cik = DT _J_”-
es WHITE FD FE OR
¥ .
" FE+B CLK = CT S
INITIALIZE CAC

WRITE DSR
CLK = FF

PHYS
INDEX MARK
£l

YES
INTRQ RESET BUSY -
WRITE

vES BYTE OF ZEROS
LOADED™ SEYT DATA LOST

YES WRITE A7" 1N MFM
=4 WITH MISSING CLOCK el
INITIALIZE CRC

- -~ |

YES WRITE C2° IN MF M .
T watH mssING CLockf T ™

YES WRITE 2 CAC
h CHARS

WRITE DSR
IN MFM )

TYPE lll COMMAND WRITE TRACK

next encouniered ID field is then read in from the
disk, and the six data bytes of the ID field are as-
sembled and transferred to the DR, and a DRQ is
generaled for each byte. The six bytes of the ID field
are shown below:

Taack | SIDE | SECTOR | SEGTOR | CRC | CRG
ADDR | NUMBER | ADDRESS | LENGTH | 1 2
1] e 3 4 5

Although the CRC characlers are transferred to the
computer, the FD178X checks for validity and the
CRC error status bit is set if there is a CRC error.
The Track Address of the ID field is written into the
sector register. At the end of the operation an inter-
rupt is generated and the Busy Status is reset.



IEAD TRACK
IJpon receipt of the Read Track command, the head
is loaded and the Busy Siatus bit is set. Reading
clarts with the leading edge of the first encountered
[ndex pulse and continues until the next index pulse.
As each byte is assembled it is transferred o the
Data Register and the Data Request is generated for
each byte. No CRC checking is performed. Gaps are
included in the input data siream. The accumulation
of byles is synchronized 1o ecach Address Mark en-
countered. Upon completion of the command, the in-
terrupt is activated. RG is not activated during the

Read Track command.

| l WRITE TRACK
| Upon receipt of the Write Track command, the head
is loaded and the Busy Status bit is set. Writing

F7 , .
F8 thru FB

FC Write FC with Clk = D7

*Missing clock transition between bits 4 and 5
**Missing clock transition between bits 3 & 4

TYPE IV COMMAND

FORCE INTERRUPT

This command can b
gister at any lime. !
under execution (Busy

low:
lo = Not-Ready-To-Ready Transilion
|, = Ready-To-Not-Ready Transition
l» = Every Index Pulse

Note)

Register.
STATUS DESCRIPTION

FD179XINTERPRETATION |

]

lﬂ DATA PATTERN ERPR
IN DR (HEX) IN FM (DDEN = 1)
. [ —
00 thru F4 Write 00 thru F4 with CLK = FF
F5 ' Not Allowed
F6 e Not Allowed _
Generaie 2 CRC bytes

Write F8 thru FB, Clk = C7, Preset CRC

FD . : Write FD with Clk = FF '
FE C Write FE, Clk = C7, Preset CRC
FF Write FF with Clk = FF _

e loaded into the command re-
f there is a current command
Status Bit set), the command
will be terminated and an interrupt will be generaled
when the condition specified in the lo through s field
is delecled. The interrupt conditions are shown be-

1 = Immediate interrupt (requires reset, see

NOTE: Iflo — ls =0, thereis no interrupt generated but
the current command is terminated and busy is
reset. Thisis the only command that will enable
the immediate interrupt o clear on a subse-
quent Load Command Register or Read Status

Upon receipt of any command, except the Force In-
terrupt command, the Busy Status bit is set and the

ctars with the leading cdge of the first encountered

index pulse and continues until the next index pu'se,
at which time the interrupt is aclivated. The Data Re-
qguest is activated immediately upon receiving the
command, but writing will not start untit after the first
byte has been loaded into the Data Register. if the
DR has not been loaded by the time the index pulse
is encountered the operalion is terminated making
{the device Not Busy, the Lost Data Status Bit is sel,
and the Interrupt is activated. If a byle is not present
in the DR when needed, a byle of zeros is substi-
tuted. Address Marks and CRC characlers are wril-
ten on the disk by detecting certain data byle pat-
terns in the oulgoing data slream as shown in the
iable below. The CRC generator is initialized when
any data byle from F8 fo FE is about to be iransfer-
red from the DR to the DSR in FM or by receipt of

F5 in MFM.

CONTROL BYTES FOR INITIALIZATION

C51791/3 INTERPRETATION |
IN MFM (DDEN = 0) ‘
Write 00 thru F4, in MFM
Write A1* in MFM, Preset CRC
Write C2** in MFM :
Generzle 2 CRC byles
Write F8 thru FB, in MFM
Write FC in MFM
Write FD in MFM
Write FE in MFM
. \Write FF in MFM

rest of the status bits are updated or cleared for the
new command. If the Force interrupt Command is
received when there is a current command under
execution, the Busy status bit is reset, and the rest of
the status bils are unchanged. If the Force Interrupt
command is received when there is not a current
command under execution, the Busy Status bit is
reset and the rest of the status bits are updated or
cleared. In this case, Status refiecis the Type | com-

mands.

The format of the Status Register is shown below:

T (BITS). j
| 5 | 4 2 i 1o

7 1 6
s7 | S8 2

3 |
| 55 | s4 | s3|s2] s1 ]SO

Status varies according to the type of command exe-
cuted as shown in Table 6.

14




Table 6. STATUS REGISTER SUKRMARY

" TREAD TREAD | Wi ATE | WRITE
__SECTOR TRACK | SECTOR __TRACK
NOT READY NOT READY |NOT READY | NOT BEADY

0 0 WRITE WRITE

. PROTECT PROTECT

RECORD TYPE o |WRITE FAULT |WRITE FAULT
ANF 0 . IRNF 0
CRC ERROR 0 CRC ERROR 0
LOST DATA LOST DATA |LOST DATA LOST DATA
DRQ . . DRQ ' DRQ DRQ
BUSY. * BUSY gusy  |BUSY

————
it indicates {hat the drive

e
.+ when set indicates ihe drive is not ready. When reset
+ is an inverted copy of the Ready input and logically ‘ored with MR.
{ WRPT

e Protect is activa\ec?, This bit is an invered copy ©
set, it indicates ihe head is loaded =nd engaged. This bit is a lo_gical “and” of

nd HLT signals. :
set, ihe desired track was not verified. This bit is reset 10 0 when updated,

e, P
encountered in 1D field..
men set, indicales Read/Write head is positioned 10 Track O.

ey of the TROD input.

This bit is an inverted

mark detected from drive. This bit is an inverled copy of the

I

/BN set, indicales index
d is in progress.

> input.
£
progress. When reset no comman
e

cps
Vi set command is in
.'_ s

I’E Il AND ill COMMANDS
FEANING

{ indicates that the drive
with MR. The Type !l

—_—

i< bit whan set indicales the drive is not ready. When reset, i
illready. This bit is an inveried copy of the Ready input and ‘ored’

d 11l Commands will not_e}ecute unless the drive is ready.
sad. On Read Track: Not Used. On an

Read Record: Not U
e Protect. This bit is reset when updated.
n Read Record: i indicates the record-type code from data field address mark.
{ = Deleted Dala Mark. 0 = Dala Mark. On any Write: indicates a Write Fault. This bit
reset when updated.
Jhen set, it indicates thal the desired irack, sector, O side were not found. This bit is

reset when updated.
S nd in i ales -
e it indicates error In

\D fields; olherwis

y Write: It indicales a

g4 is set, an error is found in one or Mo

ata field. This bit is reset when updated.

'—?—_ﬂ—-——_‘-_—'—_—"——_—_—_._"_——_.—_.—ﬁ »—-—‘—'7—_‘.—-#——'*_",—-———'—_-"'- a -
to DRQ in one byle time. This bit1s

When set, it indicates the cormnputer did not respond

reset to zero when_upda‘led.
This bit is & copy of the DRQ output. when se
Operation of the DR is emply on & Write operéa

dated.
hen set, command is under execution. When reset, no 0

I 15

s the DR is full on a Read

{, it indicate
et 1o zero when up-

tion. This bit is 1€s

mmand is under execution.



FORMATTING THE DISK

(Refer to section on Type Il commands for flow diag-
rams.)

Formatling the disk is a relatively simple task when
operating programmed /O or when operaling under
DMA control with a large amount of memory. When
operaling under DMA with limited amount of memory,
formatting is a more difficult task. This is because
gaps as well as data must be provided at the compu-
ter inlerface,

Formatting the disk is accomplished by positioning
the R/W head over the desired track number and is-
suing the Write Track command. Upon receipt of the
Write Track command, the FD179X raises the Data
Request signal. At this point in time, the user loads
the data register with desired data to be written on
the disk. For every byte of information 1o be written
on the disk, a data request is generated. This sequ-
ence continues from one index mark to the next
index mark. Normally, whatever data pattern appears
in the data register is writlen on the disk with a nor-
mal clock pattern. However, if the FD179X detects a
data patiern of F5 thru FE in the data register, this is
interpreted as data address marks with missing
clocks or CRC generation. For instance, in FM an FE
pattern will be interpreled as an ID address mark
(DATA-FE, CLK-C7) and the CRC will be initialized.
An F7 pattern will generate two CRC characters in
FM or MFM. As a consequence, the patterns F5 thru
FE must not appear in the gaps, data fields, or ID
fields. Also, CRC's must be generated by an F7 pat-
tern.

Disks may be formatted in IBM 3740 or System 34

formats with sector lengths of 128, 256, 512, or 1024
bytes.

aEBYILS Fus
B2 EYILS WP

PrerSilay mOEX

/77 TNDEX ADDRE 55 MARK

IBM 3740 FORMAT -128 BYTI.S/SECTOR
Shown below is the IBM single-density format with
128 byles/sector. In order fo format a disketie, the
user must issue the Write Track command, and load
the data register with the following values. For every
byte 1o be written, there is one dala request.

t .

; NUMBER HEX VALUE OF

|  OF BYTES BYTE WRITTEN

‘; 40 FF

E 6 00

{ 1 FC (Index Mark)

. 26" FF

6 00

[ 1 FE (ID Address Mark)

! 1 Track Number

{ 1 Side Number {00 or 01)

4 1 Sector Number (1 thru 1A)

i- 1 00 ‘

: o . F7 (2 CRC's writien)

f 11 FF : ' -

b 6 00 oo

] -1~ 'FB(Data Address Mark) -

i 128 Data (IBM uses E5) . -~

1 " F7 (2 CRC’s written) - f
P 2 ' FF ' Lt
Yy S - RS i
! : V ) i V e TR i i e = PR

*Write bracketed field 26 times
**Continue writing until FD1791 interrupts out.
Approx. 247 byles.

f ]

OF MEXT DATA FIELD

GaP 4 .
¢z GaP 1 an GaP 2 DATA GAP ) ata o naia D) D41x FiELD] o
2eTA PR DEX |y gvres #OST wDEs | 3BviEs ‘o D GAP FIELD DaTA GaP e - Rt & 5
o . . S e o A - ECORD AECORD
HELD I BYTE FM uFu 32 BYTL Fu wim “”COD“E 17 BYIES F RECOAD | 238vie ku | PECORD | Garz “ENCDD:u GAP 3 E"Céc':b GaP 2 “icocs;o 0D Hone ;goﬁ anp o
Tas BYILS MEM | oy k7 Bries wem| oOmiy v 3u EY1E mem o Gt Belemim] WO 2
NOMINAL
/ .
.mlefs( TRACK sipp | secvos |secrom | cac cAC D(D‘f;':n LSER DATA Ec:{c‘ asff':z
warn | tamesER | nomsie | nomser T N
AR
T ]
I i
W SSING CLOCK THANGTION Gar 2 | - i . A
£ETwEEn BITS 4 AND S |
WUESING €1 GOK TR ANSITION |
BLIWEEN 8175 3 AND 4 |
Fa |—._ ._uenaz\f‘A—i—‘an[g—. [ --—’ T BYIE e 37 BYTES 77-{ o
uEM 7 BYIES / 17 BYTES 3 — \ 3
WRITE GATE 10BN Of FOR UPDATE .o \___ wITE Tufm OFF FOR UEDATE

O PREVIOUS DATA FIELD

IBEM TRACK FORMAT
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IBM SYSTEM 34 FORMAT-
256 BYTES/SECTOR

Shown below is the IBM dual-density format with 256
byles/sector. In order to format a diskette the user
must issue the Wrile Track command and load the
data register with the following values. For every byte

lo be written, there is one data request.

OF BYT ES

= LD N P e b bk ed ek ek )

1 g won g anr

256
1

54 °

598’“*- :

* o ——

NUMBER

* Write bracketed heid 20 hmes .

- BYTE WRITTEN
4E :

00

F6 - -- '

FC (Index 'v'ark)

4E . A. ! e ® L

00~ n:- & 0 -

F5 sl

U FE(ID Address Mark)

. Track Number {0 thru 4C)
" Side Number {0 or 1) -

" Sector Number (1 thru 1A}

o1
F7 (2 CRCS wmten)
L AE s L
00 -
F5 -
FB fData Address Mark}
DATA :
- F7 (2 CRCS wntten}
4E o N
4E

**Conlinue writing until FD179X interrupts out.
Approx. 598 bytes.

HEX VALUE OF

1. NON-IBM FORMATS

Variations in the IBM format are possible 10 a limited
extent if the following requirements are met: sector
size must be a choice of 128, 256, 512, or 1024 byles;
gap size must be according {o the following table. Note

that the Index Mark is not required by the 179X, with
PLL lock-up time, motor speed variation, etc., adding
additional bytes.

- FM | MFM
Gap i 16 bytes FF 32 byles 4E
Gap Il 11 byles FF 22 byles 4E

> 6 bytes 00 12 b}ftes 00

‘ 3 byles A1

Gap I 10 bytes FF 24 bytes 4E
** 4 bytes 00 8 byies 00

: : 3 byles A1

Gap IV 16 byies FF 16 bytes 4E

*Byte counts must be exact.
**Byle counts are minimum, except exactly 3 bytes
of A1 must be written.

ELECTRICAL CHARACTERISTICS

MAXIMUM RATINGS
Voo With Respect 1o Vss (Ground) =15 to —0.3V
Max. Vollage 1o Any Input With

Respect to Vss

=15 10 -0.3V

Operating Temperature

Storage Temperature

0°C to 70°C
—55°C to +125°C

OPERATING CHARACTERISTICS (DC)

Ta = 0°C to 70°C, Voo =

+12.0V = .6V,

Vss = OV, Voo =+5V = .25V
Voo = 10 ma Nominal, Vee = 35 ma Nominal

SYMBOL CHARACTERISTIC MIN. TYPE. MAX. UNITS CONDITIONS
. Input Leakage - - ' 101 pA | Ve=Vm
[ Output Leakage * 7 = - 10 #A - Vour = Voo
Vin input High Voltage 2.6 - : oV S
Vi Input Low Voltage SR - 08 Vv -
Von Output High Vohage 2.8 .V lo =100 pA
VoL Ouiput Low Voltags : 0.45 vV " =16 mA
Po Power Dissipation 05 W -

TIMING CHARACTERISTICS

Ta = 0°C to 70°C, Voo = + 12V + BV, Vss = 0V, Ve =+5V + 25V

READ ENABLE TIMING

SYMBOL CHARACTERISTIC MJN TYF’_ MP}Z(. UNITS CONDITIONS
TSET Selup ADDR & CS to RE 0 nsec o
THLD Hoid ADDR & GS from RE 10 nsec
TRE RE Pulse Width L ) 400 nsec -G =50 pi
TDRR DRQ Reset from RE : 400 500 nsec '
TIRR INTRQ Reset from RE 500 3000 nsec See Note 8
TOACC Dalz Access from RE ' 300 nsec CL = 50 pf
TOOH : Data Hold From RE 50 150 nsec C. = 50 pf
17




[l
1
)
]

|
1
- ! S
wrap g _
——— - Tiap: - - —--!
INTRO g_‘ \ N S L YT gu— [_ ——— A
—

VSERVICE  Jowte

- —————— o — }

o LD|___ o j-_.-..-,, o _1 '
] S I N S A R I — .

=1 Tsev -

-
o
=
I3}

o)

L]

|

8 i . DATA MUST]
" ' LID
@& ‘ 1‘ e;;rn_Jf.. e ' BEVALID

-—i Tos

NOTE 1 £% way Bf FPERMANERTLY TIED L Ow F DESIRED

NOTE 3 TF MAY BE PERMANENTLY TIED LOW IF DESIRED 2 WAENWETING DATAINTDSECTOR TRACK CRDATA

“TIME DOUBLES WHEN CLOCK © 1MHz REGISTER USER CANNOT BEAD 1=5 REGISTER UNTIL

AT LEASTE SECINMFMAFTER THD RSING EDGE OF WE

1SERVICE (WORST CASE} t SERVICE erHST CASE) WHEN WHITING INTO THE COMMAND REGISTERSTATUS
TEM o= 27 & S TFM - 235

RAF R 5 IS NOT wALID UNTIL SOME 17 SEC !N FM B, 5EC ik MFM
TMFM 135 uS (e LATER THESE TWES ARE DOUBLED WHEN C1% - 1 MHz

TTIME DOUBLES WHEN CLOCK « TMMz

READ ENABLE TIMING " WRITE ENABLE TIMING

WRITE ENABLE TIMING

SYMBOL CHARACTERISTIC MIN. TYP. MAX. | UNITS| CONDITIONS
TSET = ') Setup ADDR& CStoWE | 50 | = |7 - ,nsec T
- THLD *° | ‘Hold ADDR & CS from WE | -~ 10 - e nsec -
TWE 1" WE Pulse Width 350 B A nsec
TDRR ~ .4 . DRQResetfromWE - | . _ 400 | 500 nsec
TIRR ="~ I INTRQ Reset from WE SOl 500 | 3000 nsec See Note 5
TDS - { "Data Setup to WE. 01250 1L e nsec
TOH. .| .Data ij@id,f.rqm‘-f,\v'E, s e 0 ] nsec

INPUT DATA TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS | CONDITIONS
Tpw T 1 Raw Psad Pulss ‘,-’\.’idth'_"_-iif'- 21000 200 4. " nsec. | See Note 1,2
tbc " .. -} RawRead Cycle Time™ .~ | 1600 | 2000 | ' - 71 .nsec’ |. SeeNote3
Ta .4 RCLKDuty (High) - -~ -~ | 800 | > . Lot i insec See Note 4 -
Tb . 1 RCLK Duty {Low) ..o = - 1 .-800° | .. - St 14 nsec - N © Ef._:

Te 7| RCLKCycleTime . "~ 1. 1600 " |~ - |- | nsec |
Tx: . | RCLK hold to Raw Read. L40 ] nsec |. R
Txz .. {. Raw Read holdlo RCLK "] ~ 740 |~ . " - | nsec _ Sce Note 1.

WRITE )
GATE
T, } 1
_._.I WGi Tac ITwpi
WRITE
DATA
EARLY
OR
LATE
IF ON R
B ey

WRITE DATA TIMING

18




TUANG: (ALL TV

P

UNITS | GONDITIONS

R

ES DOUBLE it

l 1 CHARACTERISTICS MIN.
Wwrite Dala pulse Width nsec F
' ' nsec MEM
Write Gate 1o Write Data psec FM
e psec MFM
Write data cycle Time psec +CLK Errof
Early (Late)to Write Data . nsec MFM
Early (Late) From nsec MFM
Write Data
}LSBC FM
pusec MFM

Write Gate off from \.'\.fD :

GHARACTER!ST!C

| Glock Duty oWy -
- Clock Duty .{,h":gh) v
Step Puise Qutput e

. Dir Setup 10 Step~ e i L
“Master Resel Puise_Widih:_.;'~ A

_ index Pulse Width < o

~ Write Fault pulse Width &=

I s,_.\—’““_!-

\_.Tonn .—-lT §TF \_.,

| on e
g L

S1EP N

——

"
M!SCELLANEOUS TIKING
READ (Pin 27) is normally 3, tbe ghould be 2 ps, pominal in sMEM and 4 ps nominal
5. However, pulse may pe any widlh if in FM. Times double when CLK = 1 MHZ.__
ulseis entirely within window. i pulse occursin poth 4. RCLKmMaYy be high or 1ow during RAW READ (Polarity
o less than 300 ns is unimportant}.
at 2 5. Times double when clock = 1 MHz.

windows, then pulse width must D
CLK = 2 MHz and b

l for MFM at 00 ns for
MiHz. Times double for 1 MHZ.
nded for 8" MFM.

2. 100 ns. pulses aré recomme
19



ia alaldtmnile ane
o CICA LN N € 7 _
T s T e
Revideret T Projekt
3 / o) ’/, )
fTopey Ik Cornrrol/er
ikt
Fiogr.
- ,’-’ R
Torier el
fally
o -7 - / — e D T
AIH(7:0)—————Dek Areo) 3 FLL - REN 2578
a
» Fzc,
2(7:8) Driv | 2877 (7:9) 1797
/Zec, Dvie
S
Write .
e \come
B | r
THFE IP__
TR
INDME
OUTDIE ,
—_—

DARLER

DA Bk

S ——

A Pur A

LTI

SELECT



© &6 © 90 & 9 00 ¢ o e e o @
mu.uv.h ecoscoce e o ©00000¢ cececes
- — sveve L R ] &
rn SO0C000O © 9 Tpecesss “sessseo o s
e s H H
°? eoovsecs ®0% e ® tovo0ee econeves 4
okl g, b _—_——7 9 o whT ] =~ & - e
®— o " poocesee o & PO00R00 poeeeeee .
ol lee ¢ : 5
¢l |5s oococessee o © 0000000800 eeesecee H
¢ljee o ———— & or B ] ¢ 6 | ¢
nLum Lpoooeoeed o ® HOGOVOCOOO LHO000000 H
5 %O sl |o S
o coccooe o ® 0000000 eeeseeee s
A B T - S— e 4 m B ] o & ] @
4 ¢ e0lie secoo0e o ® PO00e00 oessesce
TSI H : oki ooki o
-4 B -t L ® ® sovvvee secevoe L
FRIACY . o, ~nE 1 E—
e Cae 20 ' Tpecevee peeeven
, ok o ekl gkl ¢
8 M SO000000 0000000000 V0GOS 00068000
a4 oS PO000000 £000000000 POCV0EO Lesssese
- @ ® ekf g okl @
o8 e < oo L TTTITY) IITTTIY
_. e oseoe
3 o serc s  SE =) -w—— Y o—
% o8 or: oois S Dol i peoo0P0  ceeeees
&% e|e e 3 o 7 o
49 oS E esoceess  eécve csevo0e
< S8, [Lg **g YT B pose TYYT
33 Eode] ooooo * ® & L
® & o 90 ¢ @ 00 0 o 66 e o o
—

S

BOORTH

1045



!&. \Li

FLOFPY (O

vf;

, wl\li L}n

\r £

N a j-}l’:

IANTR oLl ER NG

Initialerigato side
i d [ e T S
-S-(' £ ,l,," -f? 2% [ 7
Revideret ' Projekt

T, 8CGOT3

7cys

A0 o ADRCE) w3, oY —
— a e Yt - § €SO LIV
I %—_2. ooe |10 cre
. + T
A < &g'@_&_ﬂgw N
0%
o e BT 167
F./ o] &roef |
- R=:d
ACSC\“{*OMF} LS 3
& e
. '_;y"gé
oY ey
At LADRC ) C«".@ o3
r_o/»?:ﬂ o
R¢ 3
Ao GAD 3} 6L s 1 10 o¢ O % -
5 o3| ” : ¢s
;—/Tor s - 5] 200z
i
ot ™ O
T { 66
DR - 2| e i 22 . | =10
pos o o V) S N 7 S A A 5,5 ruty
It o Ap i) ogﬂog ol |
AL o3 - AT (V)
VL 2onL
APR L o9 ¥ o4
A3 - -
m Al 05| * cé AT (o)
L 2e 08
BMAAC K ot oL ABrs
o 1!08[? 4 108
- (&3]
A2l s PUTR {{,@_@1 '31:,}, L ..-WH" &EF s ]
) 4 we
—_— % Rio Bm— 2 ~
AYO o— oul DM A ©3 2 e e
—— =
Ini B 1 \0 a
k1o I |:> 1[c5|9—~*~~—----——1 o5
< o
ST o B s
/‘1-:7,/ - (o] 2oy




R R R E——————————S

ldranik ane
PRUUIHR aps S
o T T Initialeridatp Side
WA T w1
Revideret Projekt
“ TG

7\\-__5_(( 200y
e {42
A3
@\ poci
Te1F
1415
TLY3
— ZoVF
e R RS Y
il e ake
dl RAY 2022
oy 15 ODEN
FrLv &5 2037
V2 Rl 202 €
Ry ot o2 We  ooae
(31 VDT A 203
L 12
g
i 17 fer I,&"? 2029
o WEOE 5, 23
—— ¢ = 7033
J’ - 'Y IS Rot
+




l 9 ' I IRAY=-TY o
- — s - - Side
~ /@/,c/pjz ‘_/,’;3/\ A TS, TProjeks T
I FoYs
l Ne [ v w0l Jvpp («12v)
we []=2 391 nTRG
I €[] s as|_] ora
RE ]« a7 ) BoEN
vy 20 %[ ] wear
I M[s Iy F
! bAco [] 7 x[] TrRoOO
‘ DALy []s ] wr-
l ALz []a 32 reaDY
DaL3 [] w0 FD1791 3] wo
DaL4 [ n 3011 we
l BALS [ ] 12 291 1Ge3
0aLE [ |13 281 o
0aL7 [ 14 2117) RAW READ
I sTEP ] 15 %[ ] AcLk
DIRC [} 16 25 RG
EARLY [ 17 . 241 ok -
I wate [ s 23] l
MR ] s . 2] TEsT 45w ? T
I {GND) VSSI: 20 21 Vee
I
io
l 38 ) 6 o9
I Wle Gk o¥ ]
%
I ook
l { henrik schouw reklame a-s - Form. 4505




| LB

’:'Ei?’/ = s e Jﬁ* RSN 7515
Az o) A2 02 DALO 2007
by
A33 Q1) o¢ 2, DALT 2008
8226 7
A3y 22) /0 fji DAL2 2009
#
/35 203 /3 o6 2 AL 2010
1y
cs
TE J/5 of
O50F
H26 2y 03 02 DALY 2044
|
A37 D) 06 a5 DALS zof2
Bl
P25 NE) o0l 5226 ff DALE 2013
"
~A35 D7) /3 o7 /2 DhaLT 2014
4]
cs
7 Tﬂf
oros CSDR/ V. _
Form. 4505

henrik schouw rekiame a-s -




,[7,% ZpYy 2'},__,4 (o2 /e 7 :f:f:{"; (G 7T — k{-'i S
TOHE
. Of se/0 X{0 YZ2&
02 el 1 X12 Y28
TYyE L, 95 cel2 XY Y30
oY cal3 Y32
V23
D e
a1 o6
DILO P3| 02 <3 7
7y a9
AT oY o5 | /z /0
2 /7
3-—--—-—
2912 07 06 I
253 08 - |e9 Moo
THLEZ73 201
2oLy 13| /2
25 Y /5 | SI0E
3013
2PL6 A7 6 L DDEN
1Y 2037
PHLT 18 77
SR {/] ﬂ/i_GE
7206
henrik schouw reklame a-s - Form. 4505




% Ok

-

A - e el e S
- B I'Fifi.;il‘—;'i}c'o—zfﬂ - "ii"s“r_d’é_
Hoppy sk Comnollor gy JI05F |
’ Rewvideret rojekt
7
»A1
RELD TETH % /
VA LA Y20 : 2,5 RDE7H 2027
2
5
IVDEX "%’?ﬁz 0 e
Y20 XOB ) 0s ZFr 2035
2R
29
®A3
\ TRACHK O ‘]} 70— -
Y42 X26 Nog 7R00 2034
Pzq
- Ry
W RITE PROT % /3
Y&y X28 2l o WPRT 2036
“legl
FERDY ﬁL‘ ks,
Y22 XO6 If_? L READY | 20322
I#4

I henrik schouw rellamea a.c .

Foarm ASNS




! ol L 7.

W

[ihitiater/dato “Tside
A/ -/ £0 :Z-:/;’/f’/ 5 247 ,/ '5//}?/ ;:f;l:y; Zifgig:f_"’ﬁf&jé?{; T
TOLE
2016 2/RC 02 Nz . STEP NV xXig Y3y
zoss  _STEPR 17 | 03 S7TEP X20 Y36
2031 WD oy | /6 WHRITE DETR X222 Y38
2030 W& 75 L 25 WRITE &RTE X2 YYHO
2029 7643 %6 24 Lor Y08
T SIDE 13| 745240 07 S/PE 2 X32 YV
2028 HLD 28| 30 | /2 4DLD xXoe Y18
1409 Moo il L 29 HOTOR OV X1E
o7 ’/9
10bn é o0
]
=i
¥ o2
15173 i
HLT oYl 3o
2023
o3
K&
1 henrik schouw reklame a-s - Form. 4505




qrtr?:“:'.a“-r;‘da‘so ) [Side

KBV TI058 |

| henrik schouw reklame a-s -

Revideret Projekt
] To4s
£ .é{g_ } A=
of o3 ——
y ol he3 o TR() Z 1
oy o EfZ
EZ43
SOk %ﬂ " j B 1Y
INTRQ . = 26 o .24
2039 o4 . 216
. 217
o TR B8
7k f,% P
2F@ - Nz
2038 Ld 20y o DIIAREL () w27
& 28
o F29
. zyo
o =4/
-~ Z242
. 2¥3
: ZAREEED BV
470 52
xé
CDHRBCK o
osof o DHABCK €8) 229
. 220
. z 3/
& BE2
. B33
o E2Y
. B35
5 DITRACK ) =%s

Form. 4505



o

¢ » -} dansk data elektronik aps

J

I~
=
A
G
G

O
f‘\.
n
©
Op

[ Y Ls 323

g
(
—
N
AN
~

\
™~
™~
Wy
0
1Y

[z s/2y

/7 wbD /&5 7/
"\..\ . o
P wpD | 73/

[\J
Q
|

29 LS oL
= C_:z a ﬁ/ e .

Initialer/dato Side
Ravideret Projekt
/L
c LS 1 2¢g
o2 LS 3L
o ST RAP FELT
c Y NZ E
O 5 L s &F
06 | £ 228
O ¥ 226
(ol LS Y
&5 X DIL SpTTCH
/O [COI=/0cs = /JOK o JOCE&~TKa P ke



k data elektronik aps

initlaleridato

; [Side

Reviderat

Projekt

wWooow W W W
il

\A\}

)

i

™

=

™)
(A2

i~

(r/

EATEEN N PN
SN

i ’3}

|
¢ 1
o
o
— LA AL
. i
b )
s
[ S R N
;
PR
» _-',g
[ -

NS Y




[ 3]

L Jteal 11 1 ]

(Teal

T2
2

FZeeod

b

Goeee O oo

&

ECESahs

7

14

SECOO0B00CEOGEORR0E

eLie

- LPES ﬂﬂ\..ﬂiﬁ

W IIITIL]

b o

¢ecesesCoCoCCOORCOO




| R
dansk de

ita elekironik aps

R T
ey 7 ; i - R ‘11_/ b [ &y >
"’/": 5 'C\'-t T ! - __-\fé' v o+ 7L {{ 7
‘ “ ;’1/:‘,\/ T (5 e !& - . Reviderat Projekt
kooiph Zoi s
+
A[:):;._'*E’f_‘_(_&k oy # R%,ika
[ Tl los (SERTV
- 05
F/ ng |01 Iy X<,
,&GQG_ADQ(G‘) . OZor
‘3 = @ ot
+ o} ol
L0BADRCS)  ae ol
G B CHAACWT
oY
,F“""/-"?“Q"; 0962
ACZ o ADRCY) ey
G
[
"Toz
7/ J ‘ 5. _5
S <
AObGﬁDR(S}l 5% . 6 — jO - >
. @loz T . bog 112 8
F_/ gm ol 23 zo03
T — TYCE
&+
ol oy
Apc g ADR(2) ol - o3 o N Py E os,joa SR
17 2 _@ i 1‘3! Y
350
. BRLY a5 —
royoh 77 p-08 o
& lf_)"_ ; . Bo3 AI(Q) 3
z :
. _"_7-_ 2008
Y D5
AVR(®) ~ 591 o2 b — e
AD3G 17 0 & 0k A1C0)
ac-| v P
|12 ] oo 4
Ly og
% OMAA T
: ] 76 08"
jo]]
o1 S
o ’ —
miTCRE cx e
o3 = :
4 a2 09 ooz
MPX v es
L=/
o5 ]
% & :"' 1o My g1 RE
4 a1 . 2904
& 0¥ 13
1:5.
i 3403




¢ =4 dansk data elektronik aps

T Initialeridato T sige
FLOPPY: MASTER SET gypre | XAN Forioz 2
— P L/ ) A SN i r 1 A A
FEZMASTER RESET TYFE L Revideret Projekt
ors Ty
FEOE - -
= — — _{ 22w yu2
! e A
R | | ]
B — f‘_/‘/
s
Atge, RESET . ' og |- 9 -
V2 os ALY o £
V2 oz AECLD
+ ol ol N
Ve og _AT(Od og p QP I’
A———
'3 L
I — FR
1304 ¢ oF of 1z ‘3 - 279
> o ,
NE +p— /o
ooy —_—
feg
to
£,
b Kq o5 INTFEIL
INTRG o3 ol 0% =14 36, ¥ al
2039 ot e -Q—DQE
o, RY eLik
- g Y
e
* INTRQ
OY oy
RE
— Io -
P 2] alo? o -
! ! CLKk
2 . S 15— -0
Byzodt
/2 # i o ze24
J’ A -
73
RE -




ol
L g
7 f,wu LPO85
N
N 9207
n“./”
/A,T
j.m
E ANES TOST
rOS 3
|
|
D
w:
ol T
=
&l s
e uw.,
el D
,,,ul?, ™
,_m_ rm
3
ST
™~
T S
o R
I5 1 .w,/
u i.rri.
m LEOE

Y o072 ‘
Ao
I,.TQ a0
hLST 7
77 ez %mu@% H  £3r57,
Lo F7 g/ 7
M 72 50 rze 7 Yz
T“_% 4 y 7 |0
7%
ooy LT
YA
A 1z0
P
- Y pL CHS% 30
F7l L/ 50
%/ A
..\aq FEE- - zd
ot LoTioVer
Vi 4
o
s/ Ao
.\ahMN HEsT
779 7“9l
&F . &/
ol [z 5 Iz
g T
Erlet &t
" G TE PN

tidS 068

. Form. 4505

henrik schouw rekiame a-s




=
-

T
74

P r-o;;z.k

EE?;;‘E

jdato
G e
7 05

initiaier
VL /e
Revideret

W
N
ol X
= W
SN
L*3IA\
()

4 R
{

E® 1IN
2 R
SN

Yo OIS

NIZE Pt

£0 A HE/

T & HLs

gé
559 * |99
e/
gz
VAN, -7 A S7e
D072 7] 7 5o g
L&
a
ya z/ X7 E7d
£/ HS__
s
7
4%
7
_\\ 17
\\QW L ,
52 57 50 #TOHPH
7 , , L=
LS TXdT & 9 90 \&_ " 17
NI ZA
=X
5o L 2’4 e
£X7 2y w FAD Aty
A4

Farrm A&NER

f henrilk srhotiw relelame a.c o

u EE B BN BN BN BE B Y BN BN BE B B TE BE BE B BE e e




=

[+ s =] dansk data elektronik aps
Se——— Initialeridato Side
_ B WAN oo20f
S}( RI vV E R ‘KO ™ p ENSE QLNG— TrE B Revideret Projekt
WD 12 o i 02— o
: . Lu T - [ 3 ' %Of. won
Z.O'B]‘ 13 ]6 09‘-:}; . | 74 .;fh o3 %‘-3 300y
2 7 ' N o @l s Tz
: [ } | S6F 241 | €5eF gk
e
, L e
EARLY | 0% ’ 02—t "’_3_ o 12 o
2013 o ! ~Lf
Lare o]t of N -
2018 ' e A 1o
¢3 E [__ O3 "Q—:}ﬁ,
gé? cra wve < RY
" opF 2KZ 1
Jo e%ﬁ 0F
. o] o5 -
=, b i
—— - 17
__i_ 73 f\.l_z__
GP
| #RE‘ |
— ! o - i S - ‘E N -_x



