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K-1013 UNPACKING AND INSTALLATION

The K-1013 Floppy Disk Controller for KIM/MTU bus systems is a carefully engin-
eered, manufactured, and tested product that should operate perfectly when handled
an§ ins?alled according to the following instructionms. Note that the board is
shipped in a black conductive plastic bag. Since MOS integrated circuits are used,
damage from static discharge is possible. It is helpful to reduce static by work-
ing in.an area with concrete floors and a reasonable humidity level. If this is
impossible, at least avoid wearing rubber soled shoes and move slowly in the work
area. When unpacking or handling the board, touch the screw sticking up in the
middle of the heatsink first and release it last. Note that the preceeding com-
mints apply equally to the user's computer board which of course contains MOS IC's
also.

ADDRESS AND FUNCTION SELECT JUMPERS

Due to the variety of systems which may use this board, the K-1013 Floppy Disk
Controller has 2 number of address and function select jumpers. However the board
is shipped with a "standard" jumper configuration installed which should be suit-
able for running the APEX-65 Disk Operating System in an AIM-65 based system. The
characteristics of this standard configuration are listed below:

1. System RAM addresses - 8000-9FFF

2. User RAM addresses - 4000-53FFF

3. Type of disk - 8 inch standard size Shugart compatible single sided

4. Reset vector - Goes to KIM-1 monitor (pertains only to KIM-1 based aystems)
5. Floppy disk controller interrupt - disabled

6. Option bit in Hardware Status Register - 0

7. Weite precompensation - 125N8

It is desirable that initial tests of the board 1in the user's system be done with
these jumper options intact. This should be possible in KIM-1 and AIM-65 based
systems. In SYM-1 systems the disk controller System RAM will interfere with the
SYM—-1 monitor and therefore it must be moved. The best place to move it is to
addresses B000-7FFF (APEX-65 for the SYM-1 will expect it there as well). If it is
moved, the diagnostic program listed in this manual will have to be modified. See
modification instructions in the Memory Diagnostic Program listing on page &41.

CONNECTION TO USER'S SYSTEM

As shipped the board requires a source of +8 (47 to +12) volts unregulated in-
put and a source of +16 (+14 to +20) volts unregulated for power. It is praferable
to use the on-board regulators but if only regulated power is available, the regu-
lators may be bypassed. Solder a jumper wire between the two outside pins of VR2
for regulated +5 input. Solder a jumper wire between the two outside pins of VRI
for regulated +12 input. Current drain from +5 is 600MA and from +12 is 125MA.

The easiest method of connection to a KIM-1, SYM-1, or AIM-65 is to use an MTU
K-1005 series motherboard/card file. With the card file one simply plugs the pro-
cessor board into the top slot and the disk controller into one of the other slots.
The K~1013 may also be connected directly in parallel with the expansion connector
of the processor (except for those signals marked with an * on page 39}, If direct
connection is used, the wires should not be longer than & inches and the ground
wire should connect directly from the processor to the K-1013 and be 16 guage or
heavier.
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INITIAL BOARD TEST

_ Initial testing of the K-1013 should be performed without a drive connected.
This will veFLfy'thnt the board operates properly as a memory, that the disk
controller chip 1is alive, and that the bootstrap ROM, if present, can be read

correctly. Perform the following steps to verify that the board is in reasonable
operating condition:

1. Inspect the board for shipping damage such as broken parts or bent—over compon-
ent leads shorting PC traces.

2. After making sure that power is turned off, that the user's power supply has
discharged all residual voltages, and that there are no addressing conflicts
between the on-board memory and the rest of the system, plug the board into the
system and turn the power on.

3. Using the standard system monitor, examine memery location 4000 {or the first
User RAM location if the K-1013 jumpers have been changed) several times. The
contents will probably be either 00 or FF and each examine operation should
report the same value. If the results are different each time it is examined,
either the board is not responding to its address or the board has Cfailed to
synchronize to the user's system clock which must be 1.0MHz. If the contents
are always the same as the high byte of the address (try 4100 and 4200 as
well), the board is definitely not responding to its address. Check that the
address jumpers sre set the way you expeet. If the condition persists, refer
to the section on troublesheooting.

~

Using the standard system monitor, store something in location 4000 and verify
that it can be read back. Repeat for 5000 and a couple of others in the
4000-5FFF range.

5. Repeat step 3 at address BO00 (or the first System RAM location if the K-1013
jumpers have been changed).

6. Since System BRAM is write protected after a system reset, you will have to
write 00 into the Hardware Control Register before executing step 4 on the sys-
tem RAM. Simply store 00 into location 9FE8 (or SYSRAM+1FER) with the monitor.
SYM and AIM monitors will report a memory failure since this is a write-only
register. The KIM monitor will not write correctly into a write—only register
so the following program will have to be put into locatiom 0000 and executed:
A% 00 BD E8 9F 4C 22 1C. After the write protect has heen turned off, try
writing into the system RAM using the procedure in step 4.

7. Examine location 9FEE (or SYSRAM+1FEE) which is the main status register of the
disk controller chip. It should read 80. Any other reading indicates a prab-
lem with the disk controller chip or board addressing.

8. Examine location 9FE8 (or SYSRAM+1FE8) which is the Hardware Status Register.
Bit 7 of the data read should be a onme and bit 6 should be a zero while the
other bits are undefined. This indicates that no interrupt is pending from the
disk controller and that the option bit is 0,

9. Examine location 9F0C (or SYSRAM+1F00) which is the first location in the boot-
strap ROM, If the ROM is installed, it should have a value corresponding to
the first byte of the bootstrap program (see the beotstrap program listing in
the APEX-65 manual), Otherwise it will be undefined.

10. If desired, enter the memory diagnostic program on pages 41-44 and execute it
to certify that the on-board memory is working properly. Then continue to the
next page after turning the power off.
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DISK DRIVE CONNECTION

A complete disk system requires a disk drive, connecting ecable, and power
supply as well as the K-1013 disk controller and the user's computer. Since the
K-1013 disk controller comes without drives, cable, or power supply, there is a
variety of possible configurations.

Disk drives with a Shugart compatible connector are preferred. These include
but are not limited to: Shugart S5A-801, Siemans FD=400, and Qume Datatrak 8.
Either the single-sided or double-sided versions of the above drives may be used
however for double-sided applications the Qume Datatrack 8 is recommended. If a

non Shugart compatible drive is used, see the section entitled Disk Drive Charac-
teristics.

Assuming that a Shugart compatible disk is used, the cable required is extreme-
1y simple. It should be a 50 wire ribbon cable with .050" between conducter
centers (3M type number 3365-50) with a female ribbon cable comnector om ome end
(mates with dual row .025" sguare posts en a .1" grid, 3M type mumber 3425-0000),
and a female card edge connector on the other end (mates with 50 pin double-sided
PC edge fingers on .1" spacing, IM type unumber 3415-0001). If two or more drives
are to be used in a system, additional female card edge connectors can be pressed
onto the same cable with a spacing of 6" between centers (assuming upright mounting
of the drives with not more than 1" spacing between drives) up to a total of & com-
nectors. The total cable length should not exceed 10 feet and lengths of less than
5 feet are preferred. A drawing of the required cable configuration is shown
below:

COLOR STRIPE \

2H|
50 4|

If more than one disk drive is used, the drive select jumpers in the drives
will have to be re-configured. Following rhe instructions in the drive manual, set
the jumpers in the first drive for 0, the next for 1, etc. The disk controller
does NOT use binary select so ignore anything in the drive manual about binary sel-
ect.

Most disk drives have additional jumpers to control other aspeets of their
operation. The list below shows what the K-1013 expects of the drive and the jump-
ers should be configured accordingly.

1. The READY line should be daisy chained, not radial.
2. The stepper motor should either be energized continuously or when step pulses
are present. Energizing only when the head is loaded or the drive is selected

is NOT acceptable.

3. The Track O Sense should be daisy chained, not radial.



10.
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If an activity LED is on the drive front panel, it is of modt value if it turns
on when the drive's head is loaded.

The controller board has its own data separator. Any separgtor in the drive
should be disabled and the Raw Read Data should appear on pjn 46.

The controller beard uses soft sectoring. Any sector separdtor circuitry onm the
drive should be disabled and the index sense signal should jppear on pin 20,

1f present, the Write Protect Sensor should be enabled.
1f present on a double sided drive, the Double Sided Sensor|should be enabled.

If a door lock solenoid is provided, it probably should not|be used unless the

disk is part of a turnkey system with unsophisticated operators. If it is used,
connect it to the Head Load signal so that the door is locke¢d only when the head
is loaded.

Any other radial vs daisy chain options should be set for diisy chain.

If in doubt asbout any other options, remember that the disk|controller
constantly scans the disk drive status at about a 1kHz rate|(except when
actually reading or writing) by selecting the drives one-atta-time. Thus Drive
Select alone should not initiate functions such as head loafl, stepper power, or
light the front panel activity indicator.




INITIAL DISK TEST

The following teats verify that the disk drive operates correctly and that

communication between the controller board and disk drive Ffunctions properly.
(Note: If the customer is certain that the disk drive is in good operating condition
and that the cabling is correct {such as from previous experience), this initial
disk test may be skipped and the APEX-65 manual consulted for APEX~65 installation
procedures.)

1.

With the disk drive (or drives) conmected to the K-1013 and powered up, apply
power to the computer and enter the Level 1 Disk Test Program listed on page 45.
Be sure to put zerces in locations G009 and D00A for the ipitial test. Later,
the drive number ean be put into location D009 to test other dirves on the sys-
tem and the side number can be put into location OO00A to test both sides of a
double-sided disk drive, if used.

Insert a blank disk (not the APEX-65 distribution disk!) inte drive 0 and start
execution at location 4026 which is the random seek test for drive 0. It will
first seek to track zero using the Recalibrate commsnd and then do 256 random
seeks followed by a seek to track O. It will then halt with a BRK instruction.
Examine location 0000 which will contain 00 if the test executed successfully.
Otherwise it will contain an error code which can be wused to track down the
cause of the diffieculty. If additional drives are installed, repeat the test
for them by storing the drive number in location 0009. (Note that a 10MS seek
speed is used. If the disk drive is rated for faster seeking, the Lest may be
repeated at the faster speed by changing location 4001 to B8F for 8MS, AF for
6MS, or DF for 3MS.)

Enter the Level 2 Disk Test Program (be sure to keep Level 1 in memory since
subroutines in it are used by Level 2). Insert a blank disk into drive 0 and
start execution at 415C. The disk will be formatted in APEX 65 format (that
means absolutely erased!}. When the program halts with a BRK, examine the error
code at location 0000 which should be 10.

Start execution at 422E, This routine reads all sectors on the formatted disk
and will stop on any kind of error. It should run indefinitely with a good
quality diskette. If it stops, examine location 0000 which will contain an
error code. If a2 Read Error is indicated (code=23), examine the controller
status bytes in locations 0001, 0002, and 0003 te determine the kind of read
error (see uPD 765 status bytes description on page 31). Then look at the track
number in location 000B and sector number in locatiom 000C. If they are both
zero then no sectors have been read and there is a problem in the disk drive or
cable and the Troubleshooting section should be comsulted. An occasiconal read
error is permissable, particularly on the inside tracks. Typical error rates
with disk drives and diskettes rated for double-density operation are one per
hour.

5. At this point it is safe to go ahead and install the APEX-65 Disk Operating

System {see the APEX-65 manual). If desired however, Level 3 of the Disk Test
Program may be entered into memory. Start execution at location 4304. The pro-
gram will first write random dats on each sector of the disk and them read it
back and check for accuracy against the same random byte stream. The program
should steop after about 1l minutes with 30 in location 0000, Anything else
indicates an error condition.
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PROGRAMMING

Thorough understanding of the following section is not necessary unless the
customer wishes to write his own disk handling code. Normally the APEX-65 Disk
Operating System supplied with the K-1013 board performs all of the disk handling
functions required. However, special high speed data acquisition applications or
utility programs for translating other diskette sector formats into APEX-65 stand-
ard format will require direct programming of the K-1013.

The following discussion is just & swumary of the information needed for suc-
cessful disk hardware programming. Its purpose is to establish an overview and
point out the pitfalls discovered during development of the K-1013 and APEX-65.
Answers to detailed programming questions can be found in the uPD765 Controller
Chip Data Sheet on page 27.

E~1013 MEMORY MAP

The K-1013 looks to the using system like two completely independent 8K blocks
of memory. Each block may be independently addressed on any 4K boundary. The User
RAM block is totally uncommitted in its use and can simply be regarded as an 8K
bonus. Note however that the disk controller IC has direct memory access to this
block whereas data must be moved by program loaps to other memory boards in the
user's system,

The 8K of addresses assigned to the System RAM block also includes the I/0 reg-
isters for the uPD765 chip and the bootstrap ROM. If the beginning of the system
RAM is called SYSRAM, then the following chart gives the addresses used in the sys-—
tem RAM:

SYSRAM to SYSRAM+1EFF Read/write memory; can be software write protected.
SYSRAM+1F00 to SYSRAM+1FE7 Bootstrap loader PROM
SYSRAM+]FES Read - Hardware Status Read

Write — Hardware Control Write
SYSRAM+1FEA Write-only Set DMA Address
SYSRAM+1 FEE Read-omly uPD765 Main Status Register
SYSRAM+]FEF Read/Write uPD765 Data Register

SYSRAMHIFFO to SYSRAM+IFFF Remainder of bootatrap loader PROM

Bootstrap Loader PROM

The Bootstrap Loader PROM is a 256 byte fusible link PROM selected for its
small size and low cost compared with erasible PROM's. Eight of the 256 bytes are
not available because they are overlayed by 1/0 register addresses. This PROM is
normally supplied by MTU already programmed with a bootstrap loader that will read
the APEX-65 Digk Operating System from disk and jump to it.

Hardware Status Read

Only two bits of the data read from this address are significant. Bit 7, which
can be tested with the BML and BPL 6502 instructions, is a zere if the uPD765 is
requesting an interrupt and is a one if not. During DMA operations, this bit must
be tested to determine when the operation is complete rather than reading the
uPD765 main status register. Bit 6 is connected to the Option Jumper on the K-1013
and is a one if the jumper is installed. This is a read-cnly register.



Hardware Control Write

Only two bits of the data written to this register are significant. Bit 0 sets
the DMA data transfer direction. When set to zero, data flows from E-1013 on-board
memory to the disk and when set to one, data flows from the disk to K-1013 on-board
memory. This bit must always agree with the read or write command given to the
uPD765 for correct data transfer. System reset forces this bit te a zero.

Bit 1 controls write protect of the K-1013 System RAM. When it is zero, normal
write operation is allowed. When it is a ome, writing into the system RAM by the
6502 is prevented. The setting of this bit has no effect on DMA operations how—
ever. System reset forces this bit to a ome.

DMA Address Register

This is a write-only register used to specify where in K-10l3 on-board memory a
DMA transfer to or from the disk is to start. Only the upper 8 hits of the 14 bit
DMA address counter may be set by writing to SYSRAM+IFEA, the lower 6 bits will
always be cleared to zero. Bits 0-5 of the DMA Address Register correspond exactly
to bits 6-11 of the desired DMA address. Bits 6 and 7 of the DMA Address Register
should be set according to the table below:

K-1013 RAM BLOCK BLOCK STARTS ON EVEN 4K BOUNDARY HALF OF BLOCK BIT 7 BIT 6

User Yes Lower 0 0
User Yes Upper 0 1
User No Lower 0 1
User No Upper 0 0
System Yes Lower 1 0
System Yes Upper bl 1
System No Lower I 1
System No Upper 1 0

One may write a subroutine, such as in the diagnostic program listing, to accept
the desired DMA starting address and set the DMA Address Register accordingly.

Once set, the DMA address register will increment on every DMA cycle performed
by the uPD765 disk controller. Thus if disk sectors are to be read into comsec-
utive memory locatioms, the DMA Address Register need not be set at the beginning
of every sector. Please note however that if the 8K block of K-1013 memory being
read into starts on an odd 4K boundary (such as 3000, 5000, 7000, etec.) the DMA
address register will not cross the 4K boundary in the middle of the block correct-
1y. Thus if User RAM starts at 5000 for example, the DMA Address Register should
not be allowed to count from SFFF to 6000 because it will do so incorreectly. If
the block starts on an even &K boundary, such as 4000, there is no problem in
counting from 4FFF to 5000.

uPD765 Registers

The disk controller chip itself has only two registers, The Main Status Regis-
ter is a read-only register that the uPD765 uses to tell the disk program what it
is expectimg and a little bit of informstion about the status of things. The
uPD765 data register is used to send commands to the chip and receive detailed
status from it. Operationm in DMA mode is expected in which case the data register
is not used for disk data. Please note that during a Read, Write, or Format com—
mand execution (which nermally do DMA), that the program should mot read or write
any of the uPD765 registers. The reason 1is that the uPD765 cannot recover fast
enough after a DMA cycle to do a CPU cycle correctly.



COMMUNICATING WITH THE uPD765

One of the problems in desipning a floppy disk controlier is the wide variety
of data that must be exchanged with Lhe using system. If a different address was
used for each type of data, over a dozen addresses would be required. The uPD765
chip used by the K-1013 approaches this problem by providing a single data “port"
and then using an internal counter to direct the data to or from the correct inter—
nal register. With such a setup it is imperative that the internal counter be
synchronized with the data so that it goes to or from the desired internal regis-
ters. The Main Status Register in the uPD765 is used to insure aynchronization.

Actually the uPD765 tells the using system what should be donme next rather than
vice-versa. This is accomplished with two bits in the Main Status Register. Bit 7
is called Request For Master (RQM) and when it is a one, the uPD765 wants the using
system to do semething. If it is a zero, the uPD765 is busy and the using system
must not read or write the data register (unless the non-DMA mode is being used
which is not considered here). Bit 6 indicates whether the uPD765 wishes to talk
or listen. If it is a zero (and RQM is a one), the uPD765 is prepared to receive a
command. If it is a one (and RQM is a one), the uPD765 has one or more status
bytes available for reading.

Sending Commands to the uPD765

A command is sent to the uPD765 by first making sure that it is prepared to
receive one (Main Status Register bit 7=l, bit 6=0). Then the first byte of the
command is written into the data register. This action sets the internal address
counter which distributes the remainder of the command bytes. It is important to
test bit 7 of the Main Status Register for a one before each byte of the command is
sent because of uncertain internal delays in disposing of command bytes. WNote that
the exact number of bytes defined for each command must be sent to the 765; no
fewer and no more. The using system must therefore be cognizant of the number of
bytes the command requires because the 765 does not signal when the correct nmumber
has been received. When all of the command bytes have been received, the uPD765
starte executing the command and will be busy until the requested action is com—
plete. (See the data sheet for details on simultaneous seek commands.)

Receiving Status from the uPD765

When the command is completed (except for Specify} the uPD765 will turn its
Interrupt Request on which can be sensed by reading the K-1013 Hardware Status Reg-
ister bit 7. If the command was not a BSpecify, Seek, or Recalibrate, the 765 is
now ready to send status bytes back to the using system. The program sheould test
the Main Status Register for bit 7=1 and bit 6=l before reading each status byte
and status bytes must be read until bit 6 returns to a zero indicating readiness
for the next command. Note that different commands give different numbers of
status bytes and that their meaning depends on the command. The uPD765 will inform
the using system when all status bytes have been read by setting Main Status Repg-
ister bit 6 to & zero. The Specify command does not return any status bytes. The
Seek and Recalibrate commands themselves do mot return any status bytes elther but
must be followed by a Sense Interrupt Status command which will return status
bytes.

It is convenient to write subroutines to send commands to and receive status
from the uPD765. These are called CMDPH and RSLTPH respectively in the diagnostic
program listing.



COMMAND SEQUENCE DESCRIPTIONS

) The following are very brief descriprions of the commands necessary for basic
disk controller programming. Details on these and the very sophisticated search
and scan commands may be found in the uPD765 data sheer.

Specify

The specify command is used to establish disk system operating parameters that
remain constant. It must be executed first after every system reset. The first
byte is the command code which is 03. The high nybble of the second byte is the
two's complement of the stepping speed to be used on Seek and Recalibrate commands.
Thus a2 value of A would be used for 6M5 stepping (167 steps/second). The low
nybble specifies how long the head should remain loaded to the disk after a read or
write command completion in 16 MS increments. The maximm walue (F or 240MS) is
normally recommended. The most significant 7 bits of the third byte specifies the
head Ioad time allowed for the disk drive in 2 millisecond increments. 4OMS should
be adequate for any kind of drive. HNote that this is also the time allowed for
head settling after a seek before attempting to read or write data. The least sip-
nificant bit of the third byte is normally a zero which specifies the DMA mode of
data transfer. The Specify command is executed immediately, does not generate an
interrupt, and returns no status bytes.

Recalibrate

The Recalibrate command is used to position the head on the selected disk drive
to track 0 without making an assumption about where it is presently. This should
be the second command executed after reset but can also be used as part of an error
recovery procedure. The first byte of the Recalibrate command contains the command
code of 07. The least significant two bits of the second byte specify the drive
number in binary of the drive to be recalibrated. The reamining bits should be
zero. After sending the Recalibrate command, the disk controller is able to accept
additional Recalibrate or Seek commands for the other drives thus allowing simul-
tanecus seek. For simplicity {and less strain on the disk system power supply)
however only one seek at a time should be in process.

When the Recalibrate is complete, the Interrupt Request is raised (Hardware
Status Register bit 7=0). The program should respond by sending a Semse Interrupt
Status command to the disk controller. This is a one byte command with a code of
04. The disk controller will then respond with 2 status bytes. The first byte
tells how the Recalibrate command terminated. For normal termination, bits 6 and 7
will be zeroes. Otherwise an error condition occurred and the Status Register 0
table on the wFD765 data sheet should be consulted. Common errors during Recal-
ibrate include failure to reach track 0 after 77 step pulses and the disk drive
becoming not ready during its execution. The second status byte is always 0.

Seek

The Seek command is used to position the head to the desired track for reading
or writing. The first byte is the command code which is OF. The least significant
bits of the second byte specify the drive number. Bit 2 specifies the head number
for two-sided disk drives, The third byte gives the track number to seek to in
normal binary code. Execution and completion ¢f the Seek command are the same as
with Recalibrate. The second status byte returned by the Sense Interrupt Status
command however should be equal to the desired track number.



Read

The Read command is used to read data from the diskette into memory on-board
the K-1013 disk controller. If the final destination is om another memory board, a
move routine will have to wove it there after it is read. Before executing the
Read command, the disk head must be on the desired track, the DMA Address Register
set to the desired memory address to receive the data, and the DMA direction bit
set for write (Hardware Control Register bit 0=1).

Once a Read command is started, the disk controller will continuously read sec-
tors in ascending order unt{l it is stopped by the DMA controller or all of the
sectors in the track have been read. Since the DMA controller on the K-1013 does
not have a byte count register, the Read command will stop only after the last sec~
tor on the track has been read. Fortunately, the Read command itself can specify
any number of sectors per track even if it is not the actual number. Thus single
sector reads are accomplished by setring the fimal sector mumber (EOT) equal to the
sector number to read. Although the disk controller will indicate an abnormal com-
mand termination, there are no ill effects.

The Read command requires 9 bytes. The first is the command code which also
specifies the data densily and other information. The normal code of 46 gives
double-density, makes no distinction between normal and deleted data address marks,
and does not automatically continue a read command from one side te the othar on
double-sided drives. The second byte specifies the drive number and diskette side
in the same format as the Seek command. The Lhird byte must be equal ro the track
number the head is currently at. The fourth byte is the side number (=0 for single
sided drives, 0 or 1 for double~sided drives). The sector number to start reading
at is the fifth byte. The sixth byte in conjunction with the ninth byte gives a
code for the number of bytes in the sector. For the 256 byte sectors used by
APEE-63, the sixth byte should be set to 01 and the ninth set to FF. The seventh
byte gives the last sector number to read. It should equal the £ifth byte to
specify a single sector read. The eighth byte gives the gap length between sectors
and is nermally set to OE for 26 sectors, 256 bytes/sector, double density.

When the read operation is complete, the controller will request am interrupt
and the program should respond by reading status bytes back. (Do not execute a
Sense Inrerrupr Status to get the status.) The first three status bytes (from g
total of 7) give an error code. Normal termination in the K~1013 is for the first
byte to read 40+4*(head number)+(drive number) which is hex 40 for a single-sided
deive 0. The second status byte should read hex 80 and the third should be all
zeroes. Anything else indicates some kind of read error and the data sheet should
be consulted for the meaning.

Write

In most respects the Write command is identical to the read commsnd. Before
executing a write however the DMA direction hit should be set for read (Hardware
Control Register bit 0=0). Once a Write command has been started, it will write
continucusly just like the read command. This is handled in Lhe same way as with
the Read command. The normal command code for write is 45 which gives double den-
sity and does not continue writing from one side to the other on double-sided
disks. The remaining 8 bytes of the command are exactly the same as For the cor-
responding Read command. Also, execution and the 7 status bytes returned at com~
pletion are the same as for Read.

Follewing the write command a delay of at least 500uS must elapse before
attempting to seek. If this delay is not allowed, either the drive will ignore the
first step pulse or datas on the adjacent track will be damasged by the tunnel erase
head which remains energized for 500uS after the write current is turned off,
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Format

The Format command is used to erase a disk and write the various address marks
necessary to define the sector boundaries. The Format command applies to an entire
track although all tracks on a disk need not be formatted the same way. The stan-—
dard format for APEX-65 disks is similar to that used on IBM double density asystems
except that all tracks are double density. This format defines 26 sectors of 256
bytes on each of 77 tracks for a total of 512,512 bytes per diskette side. An
alternate format useful for high speed data acqusition (e.g. digital audio) might
use 16 sectors of 512 bytes for a total eof 630,784 bytes, a 23% increase.

The command code for Format is normally 4D which specifies double demsity. The
second byte specifies the drive and head number as with read and write commands.
The third byte is a code for the number of bytes per sector; 0l is used for 256
bytes and 02 is used for 512 bytes. The fourth byte is the number of sectors per
track and would normally be 1A hex for 26 decimal sectors per track. The fifth
byte gives the gap length between sectors which is normally 36 for double density.
The sixth byte is the filler value to which all of the data bytes will be set.
APEX-65 uses FEA.

During execution of the Format command, additional formatting data is read from
memory via direct memory zccess. Thus before executing the Format command the DMA
direction must be set to read {Hardware Control Register bit 0=0), the DMA address
register set, and the formatting data to be described prepared in memory. Each
sector to be formatted reads 4 bytes from memory. The first byte must equal the
track number that is being formatted. The second byte must equal the side number
being formatted (set to O for single sided). The third byte gives the sector ID
for the sector being formatted. The fourth byte is a code for the sector length
and must be equal to the third byte of the command string described above. For
formatting 26 sectors then, 4%26 or 104 bytes of formatting data will have to be
set up in memory.

Note that the sectors need mot he sequentially numbered arcund the track and
each track can be different thus allowing optimized numbering for faster throughput
when the disk is later read or written. APEX-65 format takes advantage of this and
uses alternate numbering and stapgering from track to track to attain an average
throughput of about 20K bytes per second when reading sequential data from disk
such as when loading a program, The exact format is described in the APEX-65 man-
ual.

When the entire track has been formatted (as signalled by the second occurance
of the index hole), an interrupt is gemerated and 7 status bytes may be read.
Normal termination is for the first status byte to read 4*(side number)+(drive num-
ber) and the second and third status bytes to read zero. As with the Write com—
mand, a delay of at least 500uS must elapse before issuing a Seek Lo the next track
so that tunnel erase is completed.
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JUOMPER OPTIONS

In order to accomodate a variety of system configuratioms, the K-1013 Disk
Controller board has a number of jumper options. In order to simplify, or possibly
eliminate, the task of configuring the board for the user's system, the board is
shipped with a "standard" jumper configuration that should be suitable for the
largest number of users. This standard configuration is listed on page I and is
2lso designated with an * in the jumper option tables in this sectiom. There are
three classes of jumpera: address selection, system characteristics, and disk
characteristiecs. Each of these will be described in detail in the Ffollowing para~
graphs.

ADDRESS SELECTION JUMPERS

To the using system, the K-1013 Disk Comtroller looks like 16K hytes of memory.
This 16K is actually broken down into two completely independent 8K blocks. One of
these blocks, which iIs celled User RAM, is totally free for use as 8K of read/write
memory. The other block, which is <called System RAM, comsists of 7.8K of
read/write memory, 248 bytes of read-only memory, snd the various I/0 port regis-
ters associated with the disk controller chip (see the Programming section). This
block is mnormally used to hold the APEX-65 Disk Operating System although it teo
can be successfully used as memory if its write protect flip-flop is turned off.

Each block has its own set of address selection jumpers which are small staple-
shaped pieces of wire with white insulation and chisel pointed ends. They may be
repeatedly plugged into and removed from the jumper sockets without harm. There
should be enouph jumpers suppiied with the board to support any desired reconfig-
uration. Alternatively, DIP switches may be installed if frequent reconfigurfation
is anticipated. A1l address selection jumpers are installed in the socket labelled
U57 (see the assembly diagram on page 64).

ADDRESS RANGE SYSTEM RAM JUMPERS USER RAM JUMPERS
Q000 - 1FFF 8-9 4-13
1600 - 2FFF 7-10 3-14
2000 - 3FFF 7-10 B-9 3-l4 4-13
3000 - 4FFF 6-11 2-15
4000 ~ S5FFF 6-11 8-9 =15 * 4-13 *
5000 - 6FFF 6-11 7-14 2-15 3-14
6000 - 7FFF 6-11 7-1¢ 8-9 2=L5 =14 4=13
7000 - BFFF S=12 1-16
8000 - 9FFF 5-12 * 8-9 * I=1 4-13
9000 - AFFF 5-12 7-10 1~16 3-14
AGOO -~ BFFT 5-12 7-10 8-9 1-16 3-14 4-13
BOOG - CFFF 5-12  6-11 1-16 2=15
CG0G - DFFF 5-12 6-11 8-9 1-16 2-15 4-13
DOCG ~ EFFF 5-12 6-i1 7-10 1-16 2-15 3-14
EGO0 - FFFF =2 B=11 =l 89 1-i6 2-15 3-14 4-13

* Indicates standard jumper installed at the factory.
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SYSTEM CHARACTERISTICS JUMPERS

The Vet.:tor Fetch Enable jumper is placed between U47 pins 4 and 13 and only has
an ?ffett in a KIM-1 system. When installed, the Reset, IRQ, and NMT vectors will
be in the KIM monitor ROM as usual. When removed, the vectors refer to the ROM on
board the K-1013 (provided that the System RAM is jumpered for EO0O-FFFF) and thus
provides for sutomatic system loading in KIM-1 systems. S¥YM-1, AIM-65, and PET
systems normally have their own monitor ROM in the vector area of memory and thus
Reset  will always enter their respective monitors. This jumper is normally
installed.

The IRQ Enable jumper is placed between U47 pins 8 and 9. When installed, an
interrupt request from the disk controller chip will be wire-ored with other inter-
rupt sources in the system and cause an IRQ sequence in the 6502 Lo occur if the
6502 Interrupt Disable bit is turned off. The disk controller may be identified as
the source of the interrupt by polling the Hardware Status Register on the K-1013
(see Programming section). When this jumper is in place, there is no way to dis-
able interrupts from the disk controller without disabling all IRQ interrupts im
the system. The APEX-65 Disk Qperating System does not require interrupts to
function and this jumper is normally removed.

The IPL option jumper is placed between U47 pins 6 and 11. Its only function
is to set bit 6 in the K-1013 Hardware Status Register to a one if present. It is
normally used to inform the Initial Program Load ROM that standard density (as
opposed to double demsity) is being used in the system. This jumper is normally
removed which signals double-density operation to the IPL program.

DISK CHARACIERISTICS JUMPERS

The Write Precompensation jumpers are used to control the amount of write pre-
compensation used in double-density operation. These jumpers have no effect on
standard density operation but one must be present for the write circuitry to
function. 125NS is normally chosen for 8 inch disks and 250N5 for 5 inch disks.
Tn some cases with older drives not rated for double density, betrer results are
obtained with 250NS for 8 inch and 50GNS for 5 inch.

* U41-1 to U4l-16 125K8
U41-2 to U41-15 250K8
U41-3 to U4l-14 5G0NS

The Force 2-Sided jumper is used force the Two Side Sense input to the disk
controller chip to a logic one. This in turn sets bit 3 of status register 3 to a
one which indicates that a two-sided drive and diskerte are present in the system.
Its practical funection is to allow the use of both sides of single~sided diskettes
in twe-sided drives (note however that single-sided diskettes are only certified on
one side). True 2-sided diskettes have the aperture for the index sensor in a dif-
ferent 1location so that two-sided drives can sense when two-sided diskettes are
being used. This jumper is normally removed.

The Write Clock jumper selects between 8 inch and 5 inch drives., This is not a
pluggable jumper; rather it is an etch cut and a secldered-in jumper. The K-1013 is
shipped with the write clock set for 8 inch disks. To use 5 inch disks, the line
between Jl and J2 must be cut and then a jumper placed betwsen the two Jl1 points
and another placed between the J? points. Note also that for operation with 5 inch
drives that 470pF 5% polystyrene capacitors must be installed at €90, C92, and C%,
1000pF 10% at C86 and .0luF 10% at C96. Also the data separaror adjustments should
be performed as described in the Adjustment Procedure section.



DISK DRIVE CHARACTERISTICS

The K-1013 Floppy Disk Controller is designed to mate directly with Shugart
compatible 8 inch drives. However because of its low cost and unbundled marketing
technique, many customers may want to use incompatible drives that they have avail-
able. This is indecd possible and MTU has successfully operated a Calcomp model
142 and a Pertec FD40O with the controller. Minifloppies have not been tried butr
they too should be relatively easy to adapt (be sure to add the 5 capacitors and

nove r):he write clock jumper on the K-1613 to slow it down for minifloppy oper-
ation).

Fortunately all 8 inch floppy disk drives are very similar in their construc~
tion and operation. The major differences are power requirements, signal polarity,
and cable comnector used. While it may be possible to hack away at the K-1013 to
resolve differences in signal polarity, it is strongly recommended that an adaptor
board be comstructed that makes the drive look Shugart compatible. Typically the
board will be quite small containimg only two or three comnectors and & couple of
IC's. In most cases it can simply be plugged into the incompatible drive's signal
connector and then a standard ceble plugged into the Shugart compatible commector.
This technique would then allow mixing of differemnt drive types in the same system.

In the following sections, each of the signals typically found in a floppy disk
drive will be discussed giving the range of variations encountered by the author.
Then a simple eircuit to convert that signal to/from Shugert compatibility will be
given where appropriate.

DRIVE SELECT

A Shugart compatible disk drive is intended to be used on a "disk bus" with up
to 4 drives attached. When a drive sees its DRIVE SELECT signal go low, it places
its status on the bus and receives its commands, if any, from the bus. When its
DRIVE SELECT is high, the drive does absolutely nothing. Actually there are 4
DRIVE SELECT linea in the cable, one for each drive., In a Shugart compatible drive
there 1is a jumper that selects which of the 4 lines a particular drive is to
respond to and an adaptor board should be built the same way with a jumper socket
or dipswitch. Tf the drive to be used only busses some of the signals or even nomne
of them, high current open-collector bus drivers such as an 88xx should be used on
the adaptor. If only a couple of signals are not set up for bussed operatiom, such
as Ready or Head Load, then open collector power gates, such as the 7438, can be
used instead. Remember that the 220 ohm pullup to +5 volts at the K-1013 and most
disk drives requires a sink current capability of at least 24MA which is beycnd the
spec limits for standard TTIL.

DRIVE MOTOR POWER

Virtually all 8 inch disk drives run the drive motors as long as AC power is
applied. In drives that use a DC motor (such as the Pertec and most 5 inch
drives), the motor will have to be wired so that it runs contimuously since there
is mo signal for turning the motor on and off. 1f a door switch is available, ir
may be convenient to wire it so that the motor is om only when the door is closed.

STEPPER MOTOR POWER

Like drive motor power, the stepper motor gemerally has to be powered contin-
vously. Some drives internally sense seek pulses and power up the motor for the
duration of the seek. This could be simulated on the adaptor board with a retrig-
gerable single-shot set for 50MS or so. It is mot acceptable te use DRIVE SELECT
to control the stepper power since the lkHz scanning of the K-1013 will cause a
high pitched squeal and possible motor overheating.
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STEP, STEP IN

. In a Shugart compatible drive, two lines are used to contrnl seeking, The STEP
line pulses low to make the drive seek to the adjacent track. The state of the
STEP IN line during the STEP pulse determines the direction of seek. When STEP IN
is low, the stepping will be in toward the center of the disk., Many drives have
signals called STEP IN and STEP OUT. Puleing the STEP IN line will cause sceking
toward the center (higher numbered tracks) and pulsing the STEP OUT line will cause
seeking toward the periphery. The circuit below can be used to convert the step
and direction format to the step-in-step-out format!
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Occasionally a drive will require a | : "\ g
three phase input to operate the j?‘fﬂb J & i
stepper motor. Using one requires a T4 B
flip-flop arrangement to count STEP =< loq
pulses and decode the count into ™ =
3-phase drive signals. The circuit _I:q-K R 8
toward the right should be satisfac- T
tory in most cases. The filter on
the STEF line prevents mnoise picked
up on the disk cable £from falsely
triggering the f£lip-flops. The
power~on reset circuit insures that

the flip-flops come up with only one
motor phase energized.

LOW CURRENT

The current fed to the head during writing must be reduced on tracks 43 and
higher. Only the polarity of this signal should cause trouble. The K-1013 pro~
vides a low logic level on this line for track 43 and greater and a high level for
track 42 and less. Some drives sense the head position internally amd therefore do
not need this signal, Others simply ignore it.

READ DATA, WRITE DATA

There should be no problem with these signals. All drives that have been seen
expect low-going pulses on the WRITE DATA line to generate flux reversals and give
back low-going pulses on the READ DATA line to mark flux reversals read. Lf separ—
ated data and clock are available, ignore them; the K-1013 expects raw data (clocks
and data mixed).
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INDEX

The K-1013 wuses_a soft sectored disk format. Accordingly it expects to see a
single pulse on the INDEX line for avery rotation of the disk. Actually the index
is only used during the Format command and as a timeout signal te terminate com—
mands when the desired sector camnnot be found. If the disk drive has a separated
Index and Sector output, the Sector output will normally have the correct signal
when a soft-sectored disk is inserted (only one hold punched in the media).

The circuit below can be added to a disk drive {even if it is Shugart compat-
ible) to allow the use of either hard or soft sectored diskettes. This might be
ugeful if onme has a large inventory of hard sectored diskettes and no other use for
them. Be aware that the circuit only makes the Index pulse compatible, hard sect-
ored formats cannot be read or written by the K-1013.
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READY

Most disk drives have a circuit that senses when a diskette is inserted and is
up to proper rotational speed. This is normally done with a rvetriggerable single
shot that looks at the index pulses and requires that they have a minimum frequency
for a period of time before Ready status is genmerated. Having a proper Ready sig-
nal prevents the K-1013 from becoming "hung up" when trying to read from a drive
that is not generating index pulses. Two different Ready circuits are given below.
The one on the left may be used with drives that have a door closed switch. The
one on the right is more sophisticated and may be used with any drive.
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FAULT SENSE AND RESET

Some drives have what is known as a "write fault sensor" which ie intended to
detect failures in the internal write logic of the drive. If one of the defined
fault conditions is detected a flip-flop is set which prevents further use of the
drive. Over the years users have found this [eature of limited usefullmess z.md
Shugart drives do not have the feature. If your drive has a write fault cirecuit,
just ignore it if possible. If absolutely necessary, (two of the unus?d signal
lines in the cable can be assigned and the FAULT SENSE and FAULT RESET signals on
the K-1013 wired over to them.
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ERASE ENABLE

Every floppy disk drive has an "erase" head mounted behind the read/write head.
Its function is to trim away the edges of the written track so that slight amounts
of misalignment do not affect readback signal amplitude. When writing new data in
4 sector it is desirable to trim only the data written. Thus because of the phys—
ical displacement of the erase head with respect to the read/write head, applica-
tion and removal of current to the erase head must lag the application and remowal
of write current. Most disk drives have the necessary delay circuitry built-in but
a couple om the market do not. The IBM diskette format standard in conjunction
with standard read/write head geometry requires that erase current application be
delayed 200uS from write current application and that erase current removal be
delayed 475uS from write current removal. The circuit below can be used to perform
this function for drives that need an ERASE ENABLE signal. Adjustment is performed
by setting Rl_for a 475uS trailing edge delay first and then R? for a 200uS leading
edge delay. WRITE ENABLE pulse widths must be at least 5MS and separated by 5MS
for this circuit to work properly.
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PRINCIPLES OUF OFERATION

The K-1013 Disk Controller is basically a 16K memory board with a disk control-
ler ICZ direct memory access logic, TTL registers, and 256 bytds of PROM added. In
operation it is synchronized to the 6502 bus cycle which is empected to be 1.0Miz
Eo close tolerances. Although there are a lot of parts on the hoard, its operation
is straightforward. In addition to the digital logic, there is a small amount of
analog circuitry in the clock generator and data seperstor. There should be enough
information in this section to allow an experienced technician to understand the
board's operation and make repairs and adjustments.

Page 65 shows a block diagram of the K-1013 Disk Controller board. Data are
exchanged among the various elements of the board via a central bidirectional data
bus. Because of the two-phase bus cycle of the 6502, this internal bus can be
devoted to internal operations such as direct memory access and memory refreshing
during Phase 1 and then turned over to the 6502 (if the board is addressed) during
Phase 2. The memory IC's and the uPD765 disk controller IC are therefore operated
at a ZmHz cycle rate which these modern devices handle quite well. The address bus
is unidirectienal being simply a buffered version of the 6502 address bus and two
levels of multiplexors are used tc select addresses from one of three sources for
the RAM chips themselves.

ADDRESS RECOGNIZER

Because of the large number of different address ranges to be decoded and flex-
ible address jumpering, a fairly large amount of logic located at the right side of
page 1 of the schematics is devoted to address recognition. All 16 address lines
are firast buffered by Ul and U2 which are low power non-inverting octal buffers to
produce LOC ABC through LOC ABL5. U29-6 in conjunction with inverters at its input
produces KIM DEC ENAB for KIM-1 systems which goes Low when addresses in the range
of 0000 through LFFF are om the address bus. UB-8 detects addresses in the range
of FF00 - FFFF and generates KIM VECT FETCH when they are seen. Germanium diode D&
in series with its output simulates the open-collector output which is needed. The
Vector Fetch Enab jumper between U47-4 and U47-13 allows this signal onto the bus
when it is inserted.

The first level of address decoding determines whether the User RAM block or
the System RAM block is addressed, if either. This is accomplished with two com-
pletely separate circuits. A block recognizer operates by taking the 4 most sig-
nificant address lines and then adding a 4 bit constant to them with a 4 bit adder.
When the sum is either E or F, the recognizer is satisfied. The wvalue of the
constant is determined by 4 jumpers which in turn determine the 8K range on 4K
boundaries that the recognizer will respond to. U28 in conjunction with U29-8
recognizes addresses intended for the User RAM block while ULE in conjunction with
U29-12 recognizes System RAM addresses. Test pointa are provided for USRRAM ADRD
and SYSRAM ADRD to facilitate troubleshooting. U39-8 logically OR's the two sig-
nals together to produce a board addressed signal.

U17-8 determines if the on-board PROM might be addressed by looking for an F
from the System RAM adder (U18) and LOC AB8 through LOC ABll to be all ones. U7-8
looks for addresses between xxES and xxEF which are candidates for the various I/o
registers on the K-1013. U38-12 makes the final decision about whether a System
RAM address actually referrs tc RAM by requiring that SYSRAM ADRD be true and that
the output from Ul7-8 be false. U38-6 makes the final decision about PROM addres-
ses by requiring that SYSRAM ADRD be true, U17-8 be true, and U7-8 be false. U38-8
makes the fipal decision about I/0 addresses by requiring SYSRAM ADRD be true,
Ul7-8 be true, and U7-8 be true. When 1I/0 addresses are detected by U38-8, U40,
which is a 1-of-10 decoder, is enabled which looks at LOC ABO, LOC ABl, and the
read/write line to determine exactly which device to activate.
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DATA BUS BUFFERS

Th? data bus is buffered by two octal buffers, U3 and U9. TIf something on the
board is addressed and the 6502 is performing a Read cycle (6502 R/W high), U9 is
activated during PHASE 2 to drive the 6502 data bus with read data. If something
on the board is addressed and the 6502 is performing a Write eycle (6502 R/W low),
U3 is activated during PHASE 2 to drive the internal K-1013 dara bus (LOC DBO - LOC
DB7) with write data. Neither buffer is activated during PBHASE 1 in order to
reduce noise generation.

HARDWARE CONTROL, REGISTER

The Hardware Control Register is in the middle of schematic page ? and comsists
of two flip-flops, These are wired up as a D-type register and are clocked by the
trailing edge of CNTL WRT which is activated when address 1FEB in the Syatem RAM is
written to. LOC DBO is writtem into the bottom flip-flop which controls the dir—
ection of DMA data tramsfers. LOC DBl is written imto the kop flip-flop which
allews or inhibits writing into the System RAM by the 6502. Reset from the bus is
connected to both flip-flops in order to put them inte a known state (DMA
mode=read, System RAM write disabled) at power-up.

HARDWARE STATUS REGISTER

The Hardware Status Register is at the top left corner of srhematic page 3. It
consists simply of two tri-state buffers which gate data onto LOC DB6 and LOC DB7
when activated by STATUS READ which in turn responds to read eycles from addresa
IFEB in the System RAM. The Interrupt Request line from the uPD765 floppy chip is

gated onto LOC DB7. A pluggable jumper determines the logic lével gated onto LOC
DB6 .

DMA ADDRESS COUNTER

The DMA address counter is in the center of schematic page 4. It is a 14 bit
counter with the least significant 6 bits being U22 which is an asynchronous clear-
able counter and the most significant 8 bits being U33 and U43 which are 4 bit
synchranous lcadable counters. Only 14 hits of counter are necessary because there
is only 16K of on-board memory to address.

Normally the counters are set up to count pulses seen on the DMA CYC line,
When the most significant bit of the asvychronous counter makes a l-to-0 transitien,
it is coupled through €77 and U62-6 to clock the synchronous counters which are set
up for counting. However when the address decoder generates DMA CNT LD, the
asynchronous counters are cleared and the synchronous counters are loaded from LOC
DBO - LOC DB7. The delay nmetwork formed by RI5 and C58 imsures that the counters
are kept in the Load Enable state long enough after clocking to load propgrly.
U62-6 functions as an DR gate so that the synchronous counters jare clocked either
by DMA CNT LD or by a carry out from the asychromous counters.

IPL PROM

The IPL ROM is at the left center of schematic page 4. It ip activated during
read cycles when ROM CS1 is true by virtwe of its two chip select in-put:s. Itsf 8
address inputs are connecred directly to LOC AB0 - LOC AB7 for addreasing of its
256 bytes. The 8 tri-state outputs are comnected di_rectly‘to thx? on—board_ 1L.OC DB
bus. A type 6309 (or equivalent) 256 word by B bit fusible link PROM is used.
Note that locations EB8-EF cannot be read from the PROM because the address decoder
overlays them with 1/0 register addresses.
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uPD765 FLOPPY DISK CHIF ADDRESSING

The uPD765 Floppy DIsk Controller IC is located at the upper left corner of
sche@atic page 3. IL has only twoe internal registers that must be addressed. LOC
AB0 is used to distinguish between the Main Status Register and the Data Register.
The uPR765 has separate RD and WR inputs which are used to strobe data from and
into internal registers respectively. The driving signals, FDC RD and TDC WRT are
generated by the DMA logic which simply OR's DMA access to the uPD765 with outputs

from the address decoder for 6502 access. Its bidirectional data bus

r is simply
tied to the on—board LOC DB bus.

TIMING GENERATOR

The timing gemerator is at the left side of schematic page 2. All timing is
generated by counting down an 8mHz clock and then decoding the count in various
ways to insure that accurate timing is always generated. The timing diagram on
page XX may be comsulted for detailed timing relationships.

The timing generator is synchronized to the trailing edge of 6502 PHASE 2 by
means of a phase~locked loop which is at the bottom left of the drawing. Us7-8 is
a simple Schmidt trigger oscillator with a nominal frequency (which can be adjusted
with B27) of BMHz. By comnecting R30 to the R-C node, the frequency can be con—
trolled by the application of a DC voltage to its free end. Although the linear
control range is only 20% or so, it is ample for locking onto the crystal control-
led system clock. The 8MHz output at U57-8 is normally assymetrical (35% high, 65%
low) and goes to a number of places including the synchronous 4 bit counter, U21.
U31-6 decodes the counter status to produce 2 low-going signal with duty eycle of
25% at a frequency of 1MHz, This is the comparison eignal for the phase compara-
tor. €502 PHASE 2 is the reference signal and U5S0 is used as a phase comparator.
The output of the phase comparator simply floats for 3/4 of each lu§ cycle since it
is actually a tri-state gate. When it is enabled by U31-6, the cutpur firar goes
high (since when locked 6502 PHASE 2 would be high), then goes low whem 6502 PHASE
2 terminates, and then floats when disabled by U31-6. The ratic of high-to-low
time of this signal is averaged by lowpass filter R31, C84, and R29 which is then
the control veltage to the 8MHz oscillator.

Normally the trailing edge of 6502 PHASE 2 occurrs midway in the "window"
defined by the output of U3l-6. Locking action can be understood by considering
what would happen if 6502 PHASE 2 terminated later in the window, i.e., slowed down
slightly. The cutput of the phase comparator would then be high for a longer time
and low for a shorter time thus raising the averaged control voltage. Since a
higher comtrol voltage slows down Lhe oscillator, the window frequency would
decrease to match the input. The converse would oceur i1f 6502 DPHASE 2 should speed
up. R27 can be adjusted to center the trailing edge of 6502 PHASE 2 in the window
for accurate timing. This circuit has been found to be highly reliable and is in
fact used on virtually all MTU bus interface products to provide a phase locked
high frequency clock for timing gemeration.

The most critical timing signals needed are those that operate the %6K dynamic
RAM chips. UA2-6 and both halves of U32 are_set up as a 3 bit shift register delay
line to generate the RAS, address swap, and CAS sequence ?eeded by the memories. A
memory cycle is started if MEM CYC ENAB is true when bit 1 of the 4 bit timing
counter is low and a positive edge of 8 MHZ CLOCK is secen. U42-6 then goes low
generating RAS which starts the timing chain for the memory cycle. The next meg-
ative edge of 8 MHZ CLOCK flips U32-6 which through the memery adﬂr?aﬁ multiplexor,
switches from row address to column address. Finally, the next positive edge of 8
MHZ CLOCK after the address is swiktched generates CAS which latches tze Czluﬁn

i chip and activates the RAM TI/0 circuitry. At the end ol the
;:iZi;Ec;:1§Teuz§Ta is ?ammed back high by 020-8 and U32-6 and U31-10 folleows later
in preparation for another memory cycle.
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The uPD765 Floppy Disk Controller IC requires a Write Clock signal that is
exactly twlce the bit rate to the floppy disk and is 250NS wide independent of its
frequency. U5-10 acts as a fifth counter bit on the timing generater and in con-
junction with U31-3 and Ull-6 produce FDC WRT CLK at a frequency of 1.0MHz, .5MHz,
or .25MHz depending on the disk type and recording demsity. _With the JI and J?
jumper set for standard 8" disks, FDC WRT CLK will be .5MHz if MFM MODE is a logic
one and will be 1.0MHz if MFM MODE is a logic zero, With the J1 and JZ jumpers set
for mini disk operation, both frequencies are divided by two for .25MHz and .5MHz
respectively. The pulse width in all cases is 250NS.

Z11 produces a .5uS pulse every 4uS which triggers a refresh cycle for rthe mem-
ory chips. However, if a DMA cycle is in progress the refresh cycle is omitted
until the next 4uS periocd. There is nc chance that DMA will lock out refreshing
however because the maximum data rate to or frem the disk is every 16uS, Even if
every DMA cycle preempted & refresh cycle, the refresh rate would only drop from
128 cycles per .5MS to 128 cycles per .62MS.

MEMORY CYCLE CONTROL

The Memory Cycle control civeuitry is at the top right of schematic page 2.
Its main function is to determine if a memory cycle is needed during PHASE ] and if
50, whether it is a DMA cycle involving the uPD765 chip or a refresh cycle. It
also distinguishes between read and write eycles based on the setting of the DMA
WRLITE and WRITE PROT flip-flops. A DMA contrel chip, such as an 8257, was not used
because it is too slow to control .5uS memory cycles.

U42-10 is used to synchronize DMA requests from the uPD765 to memory cycle
oppertunities_during PHASE 1. When U42-10 is set, it sends an ackoowledge back to
the uPD765 (IDC DACK) which then drops its request. The request is dropped soon
enough so that two DMA cycles are not taken. US5Z-11 logically AND's the DMA flip-
flop with CNIC (which is approximately the same as PHASE 1) and generates DMA CYC
and DMA CYC through inverter U53-12., 1If the DMA mode is read, U52-3 will generate
a write pulse coincident with DMA CYC for the uPD765 which is OR'ed with write
pulses from the 6502 in U62-3, If the DMA mode is write, U52-6 will generate a
read pulse which is OR'ed with reade pulses from the G502 in U62-11. The delay
network consisting of R52 and €98 prevents passible overlap of the uPD765 driving
the LOC DB bus before the RAM chips have stopped driving it.

Considerable logic is_required to gemerate RAM WE only when needed. u52-8
requests the generation of RAM WE during all DMA cyecles when the DMA mode is write.
U30-6 requests RAM WE when the System RAM is addressed by the 8502, a 6502 write
cycle is in progress, and the Write Protect is off. CHTC is factored in to include
only 6502 cycles during PHASE 2. U20-6 requests RAM WE when the User RAM is
addressed by the 6502 and a 6502 write cycle is in progress. 4ll of these requests
are OR'ed together in U20~1Z. The result is AND'ed with RAS to produce a properly
timed RAM WE pulse for the RAM chips.

The circuitry at the top right of schematic page ! also controls memory cycles.
U30-8 OR's cycle requesis from & different sources te produce MEM CYC ENAB which
then triggers the rimimg gemerator to execute a memory cycle. Two of the sources,
DMA CYC and REF CYC have already been covered. The third source iz User RAM
Addressed and the fourth is System RAM Addressed AND'ed with PROM not addressed.

REFRESH ADDRESS COUNTER

The refresh address counter is at the bottom left corner of page &, Tk dB
simply an 8 bit asynchronous counter that counts up on the trailing edge of REF CYC
pulses. The eighth bit is not needed to tefreah 16K RAM chips.



MEMORY ADDRESS MULTIPLEXOR

. The Memory Address Multiplesor is at the bottom right of schematic page 4. It
is actually a two-level multiplexor and simultaneocusly performs address selection
from 3 different sources and row/column multiplexing for the RAM chips. Ul3 and
023 form the first multiplex level which selects between the refresh address and
the low 7 bits of the DMA address. Note thar the high 7 bits of the DMA address
will actually be the high 7 bits of the refresh address but these address bhits are
ignored during refresh cycles.

The output of the first level multiplexor along with the upper 7 DMA address
bits and all 14 of the 6502 address bits enters a 4 input 7 bit multiplexor made
from Ul4, U24, U34, and D44, One of the select inputs to this multiplexor selects
between 6502 address and DMA/refresh address under the control of ONTC. Thus the
6502 address is selected during PHASE 2 and the DMA/refresh address is selected
during PHASE 1. (Actually there is some timing skew because CNTC is not _the exact
inverse of PHASE 2.) The other select input is connected to the MUX ROW/COL output
of the timing generator which selects between the lower 7 address bits (row
address) and upper 7 address bits {column address) at the proper point in the mem—
ory cycle. Since only 8 type 4116 RAM's are being driven, the bare cutputs of the
7418153"'s in the multiplexor are sufficient to drive the address inputs.

MEMORY ARRAY

The actual memory matrix is at the top of schematic page 4. All lines to the
memory chips exceot data input and data output are simply wired in parallel. One
+1uF capacitor per chip on both the +12 and -5 power supply busses and a gridded
ground network on the board minimize noise generation. Since "early write" timing
is used on the RAM's, their data input and data output lines can simply be connect-
ed to the on—board bidirectional LOC DB bus.

FLOPPY DISK INTERFACE

Unfortunately the inputs and outputs of the uPD765 Floppy Disk Controller IC
cannot be simply connected to a floppy disk drive. Instead; most signals must be
buffered and some must be multiplexed becauvse of pin count limitations of the
uPD765. In a system with several disk drives, all are parallel bussed and only one
at a time is selected by the K~1013 for operation. U6l is a decoder that accepts
the two Unit Select outputs of the uPD765 and pulls one of the DRV SEL lines low in
response. The drive responds by sending status back to the K-1013 and accepting
commands, if any, from the K-1013. Except during read and write operatiems, all 4
drives {even if they are not installed) and being scanned at a 1KHz rate for status
changes.

Four of the uPD765 pins are multiplexed to give the effect of 8 in two groups
of 4. The signals that are multiplexed have been chasen so that & of them are sig-
nificant only during read/write operations and the other & are significant only
during seeking and idle periods. A signel from the uPD765 called RW/SEEK deter-
mines which group ie active. The signals within a group are further divided into 2
input signals (drive to uPD765) and 2 output signals. Quad t:-:i—atal:e inverters l7150
and U59 are appropriately wired Lo do the necessary multiplexing and dem?ltlplexlng
with high output drive capability. The & input signals that are mu}tlplexe':d are
WRLTE PROT, TRACK 00, 2-SIDE SENSE, and FAULT SENSE. The lakter signal 1is net
normally present on Shugart compatible drives so it simply goes to & pad on the
K-1013. The 4 output signals that are multiplexed are LOW CURRENT, STE?, STEP LN
and FAULT RESET. Like FAULT SENSE, FAULT RESET simply goes to a pad. The READY
status from the disk drive is not multiplexed and is simply Inverted b): usi-8
before going to the uPD765. INDEX is likewise inverted by U51-10 and sent directly
to the uPD765.
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Three outputs from the uPD765 are buffered and sent Lo the disk drive. These
are HDL (HeaD Load), HD (HeaD select for double-sided drives), and WE (Write
Enable). The interrupt request output goes to the Hardware Status gate (US59), and
also through open-collecter inverter U60 to the 6502 IRQ bus line if the TRQ ENAB
jumper ia installed. The 8MHz clock input to the uPD765 is buffered and given an
appropriate duty cycle by US1-6. Pullup resistor R52 pives the somewhat higher
logic 1 level required by the uPD765.

WRITE PRECOMPENSATION

During readback of double-density data from diskette, the recorded pulsas
experience a predictable shift away from their ideal positions in time which make
data decoding errors more likely. This tendeney may be counteracted by shifting
the pulses in the opposite direction when written which is called precompensation.
The uPD765 internally computes whether a pulse should be writtem early, on—time, or
late and supplies this information on the PSO and P81 lines to the write logic.

U48 is conmected as a 3 bit shift register which shifts the FDC WRT DATA output
of the uPD765 at a rate determined by the PRECOMP jumper currently in use. Thus
the A, B, and C outputs of the register represent early, on-time, and late pulse
timing respectively. Multiplexor US8 selects one of these pulses under control of
PSO and PS1 and sends the result through U60-12 for buffering to the disk drive.

DATA SEPARATOR

More than any other portion of a disk comtroller the dara separator determines
the overall reliability of the disk system. Not supprisingly, it is slso the most
difficult eircuit to design. The data separator used on the K-1013 is a true
analog phase locked lcop with none of the time quantization error found in digital
phase locked loops.

Actually the uPD765 does the separation of data pulses from clock pulses
internally but it must have & clock input (called FDC DATA WINDOW) synchronized to
the pulse stream to function. This clock input is a square wave phased to the
pulse stream such that pulses occur near the center of half-cycles of the clock.
Internally the uPD765 simply registers whether a pulse occurred during & half-cycle
or not and the data is separated based on the pattern of pulse-nc pulse seen. If a
pulse occurred for every half-cycle of the clock, them any of a variety of inte-
grated circuit phase locked lcops could be used. Unfortunately they all fail when
presented with inputs having "missing” pulses.

Since the goal is to adjust the frequency of the clock so that pulses occurr
midway in its half-cycles, & phase comparator based on the difference between the
actual position of the pulse and its ideal position can be constructed. 1f a pulse
is missing during & half-cyele, the frequency of the clock should be left alone.
In order to distinguish ahead of time the differemce between a very late pulse and
a missing ome, the input pulses meed to be delayed by 1/2 of the n:rindow width.
This is accomplished by U64-13 which produces & 1.0uS output for single density
tracking and U64-5 which produces a .5uS output for double density frequency't:a(:k-
ing. Both pulse widths may be doubled for mini floppy applications by adding €90
and C92Z.

The timing diagram on page 40 tells better than words how the pkllasg compar ator
works. Basically, flip-flop U55-7 is turned on by the data pulse if it is ?arly
and turned off at the center point of the window. Thus ite on—time is proportional
to how early the pulse is. If the pulse is late instead, U55-10 in:;l.:egd turns on
at the center point and turns off when the pulse actually appears giving a pulse
width proportional ke how late the pulse was. If there was no pulse at all
(single~shot not triggered), then neither fiip-flop is turped om and no frequency
adjustment is made.
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C97 acts as an integrator (type of low-pass filter) for the early and late
pulses from the US55 flip-flops. R26 and C8Y "shapes" the response of the filter to
prevent excessive overshoot when the loop is locking up. When not disturbed (no
pulses within the window), it will retain its charge and thus specify a constant
frequency from the veltage controlled oscillator. R51 and R25 do however very
gradually pull C97 to +2.5 volts and the cscillator to a “center frequency"” value
when pulses are absent for long periods. T£ U55-7 momentarily goes low because a
pulse arrived early, D6 becomes reverse biased which allows some of the charge on
€97 to go to ground through D7 and R23. This causes a slight reduction in volrage
on €97 which will speed up the oscillator to coumteract the early pulse. Converse—
ly, if U55-10 goes high because of a late pulse, some charge is added to €97
through D8 and R24 which slows down the oscilliaror.

0Ql, R50, G2, and R48 form a simple umnity gain buffer emplifier to match the
high impedance level at the base of Ql to the low impedance level at the control
voltage input te the cscillator. The complementary NPN and PNP transistors reduce
the input-to-output cffset voltage of the amplifier to about 100MV. U56-8, R4AD,
R46, and C95 form a Schmidt trigger oscillator which is made wvoltage-controlled by
the addition of R47. The nominel fragquency of the oscillator is 2MHz which can be
adjusted with R49. Tt is importamt that the other half of US6 only be wused in
circuitry that is synchronmous to the oscillator.

US4 is used as a 1 bit counter followed by a two bit counter. The single/dou-
ble density signal from the uPD765 selects either the [MHz output of the first
counter for single density er the ZMHz output of the oscillator for double density.
This is accomplished with AND-OR-INVERT gate U63-6 which is wired up as a siwmple 2
input multiplexor. The output of the 2 bit counter is the actual window signal to
the disk controller while the B output is used to establish the center peint of the
window for use by the phase comparator. U63-8 selects either the 1.0uS single-shot
output for single-density or the .5uS single shot for double-density. €66, RlG,
and R17 convert trhe wide data pulses from the disk drive into very narrow pulses
for the disk controller and phase comparater. Sinee the eatire pulse must be
within the data window, narrow pulses are preferred for maximm tolerance of pulse
position deviation without error.

POWER SUPPLY

The on—board power supply is at the bottom right cormer of schematic page 2.
Positive 5 volts for the board logic is derived from the unregulated +8 input by
VR2 which is a 1 amp 5 volt 1IC regulator. Cll prevents oscillation and numerous
«05uF bypass capacitors maintein regulation during transient curvent drains. Pos—
itive 12 volts for the memcry IC's is provided by VRI. ¢7 suppresses cscillation
and provides the addition [iltering needed by MTU K-series power supplies on their
16 volt unregulated outputa. CI10 absorbs the large currenl (ransients typical of
dynamic memories. Negative 5 volts for the memory chips is provided by a charge
pump circuit consisting of ©9, D2, D3, and CB. The circuit iz driven from & 12
volt amplitude IMHz square wave provided by open-collector inverter U60-8 and R6.
Shunt regulator DL limits the nmegatiwve voltage to -5 volts and in so doing limits
the swing at Ub0-4 1o about 6 volts. DI also prevents the =5 bus £rom becoming

substantially positive during component failure and thus prevents possible damage
to the memory chips.
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ADJUSTMENT PROCEDURE

Four adjustments are provided on the K-1013 to optimize performance, All are
normally made at the factory and the trim pots are sealed with a black adhesive
dot. If after troubleshooting or replacing components readjustment is required,
pl?ase read the appropriate sections. An oscilloscope is required to make the
adjustments accurately. A 10MHz DC coupled triggered sweep scape is adequate,

8 MHZ CLOCK (BUS S¥NC)

All timing is derived from the 1.0MHz eystem PHASE 2 clock via a times 8 phase
locked frequency multiplier. With the K-1013 in the system receiving PHASE 2 and
powered up, connect the scope to TPl3 at the top left cormer of the board. One
should see a doublet pulse as pictured below with a repetition rate of IMHz. If an
unsynchronized mess is seen or the positive and negative portions of the pulse are
not of equal width, rorare R?7 until the proper waveform is seen. Double-check the
frequency to be certain that the loop has not locked on a subharmonic.

+3 — [- G
+h5 —
o b

DATA SEPARATCR SINGLE-SHOTS

To adjust the single-shots, first disconmect the disk drives and jumper U5-10
to pin 46 on the disk cable commector (J1). This is a .25MHz square wave that sim-
ulates data pulses from the disk. Next commect the scope to TP16 which should
display positive-pgoing pulses approximately 1uS wide and exactiy %4uS apart (you may
calibrate the scope sweep to the 4uS if needed for maximm accuracy in the pulse
width adjustment). Adjust R42 (which has a fairly limited range) until the pulse
width is exactly l.0uS. TIf capacitors have been added for minifloppy operation,
adjust for exactly 2,0uS. To adjust the double-density single-shot, connect the
scope to TP12 and adjust R45 for exactly .5uS (1.0uS for minifloppy).

DATA SEPARATOR VOO ADJUSTMENT

The center frequency of the VCO in the data separator needs to be adjusted to
MHz for best data recovery reliability. When making this adjustment, there should
be no read data pulses coming into the K-10l3. If necessary the disk drives should
be disconnected. With power on and the scope commected to U54-12, adjust R49 umtil
a IMHz square wave is seen. The VOO output itself should mot be probed during
adjustment since the added load capacitance will shift its frequency slightly. If
94 has been added for minifloppy operation, adjust R49 for a .5MHz square wave.
After adjustment, double check the DC error voltage at TPi7 which should be ‘.‘7.5
volts. If it is not 2,5 volts or it is varying, verify that pulses are mot being
received on the READ DATA line.

25



TROUBLESHOOTING

Before being shipped, all K-1013 are actually plugged into a system and the
digk diagnostic in the back of this manual run. APEX-65 is also leaded and execut-
ed. Finally the on-board memory is checkasd with a memory test program for 24 hours
with no errors allowed. Thus when properly connected to the system and to a
functioning disk drive, there should be few if any problems.

MEMORY FAILURES

If the board is failing to respond to its address, double check the jumper set-
tings. Also make sure that all of the bus signals, particularly the 16 address
lines, needed are actually commected. Try looking at every 4X block in the system
to determine if the K-1013 is responding to an incorrect address. If such is the
case and the jumpers have been moved, then one of the adder chips UI8 or U28 is
probably bad. If it appears that the K-1013 has not synchronized to the bus cycle,
verify that PHASE 2 is indeed 1.0MHz (+1%). If it is in tolerance, make Cthe SmHz
clock adjustment (see Adjustments section).

If the memory test program fails and the addressing jumpers have been changed,
meke sure it is testing the right addresses. If the error is consistantly at ome
bit, then the corresponding memory chip should be replaced. Use a 4116 type 4K RAM
with a 200858 speed or less. If the errors affect several bits in a seemingly ran-
dom pattern but read and write from the monitor seems to work, an address line in
the RAM array may have shorted to another line through a bent over pin or embedded
metal fragment.

DISK FAILURES

The most common problems are related to disk drive connection. If the Lewvel 1
disk test does absolutely nothing when executed, then disk drive 0 is probably not
ready. Most drives require a diskette to be inserted and the door closed before
becoming ready. Some may have internal jumpers to select between hard and soft
sectoring and their ready circuitry might not work unless configured for soft sec-
toring.

If the error code indicates that the Recalibrate command falled, then either
the drive is not recognizing step pulses or the track O sensor is mot working. If
the drive gave an initial buzz and the head moved away from the center of the
diskette, then the problem is the track 0 sensing. If the random scek test failed,
the disk drive may not be able to keep up with the step frequency used or its head
settling time may be longer than 20 milliseconds. Try a slower seek speed (see
program listing). If a step-imstep—out to step-and-direction translator was con—
structed, step-in may not be working.

If the Format test (Level 2) fails or hangs wp, the likely cause is no index
pulses reaching the K-1013. Make sure the diskette is mot inserted backwards! If
no sectors can be read on the read test, look at the error code and uPD765 status
bytes. If the status bytes read 40 04 00 or 40 01 01 then it is likely that the
Format teat did not write anything. Verify that Write Enable is reaching the disk
drive and that a write permit tab is put on the diskette (if the diskette has the
necessary notch and the drive has the write protect feature). If the read error
rate seems excessive, make sure the diskette and drive is rated for double-density.
If the problem persists, check the single-shot ‘and VOO0 adjustments in the data sep-
arator. :

If all parts of the disk test program operate satisfacterily but the APEX-65

distribution diskette cannot be read, the drive is probably ouk of alignment. See
the service manual supplied with the drive for alignment inmstructioms.
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uPD 765 DATA SHEET

PD765

PROCESSOR INTERFACE  During Command or Result Phases the Main Status Ragister {described earlier} must be
read by the processor before each byte of infarmation is written inte or read from the
Data Register. Bits D and D7 In the Main Status Register must be in 2 0 and 1 stats,
respectively, before sach byte of the command word may be written into the PD765.
Many of the commands require multiple bytes, and as a result the Main Status Registar
must be read prior to each byte transfer to the uPD785, On the other hand, during the
Result Phase, D6 and D7 in the Main Status Register must both be 1's (D6 = 1 and
D7 = 1) before reading each byte from the Data Register. Note, this reading of the
Main Status Register before each byts transfer to the uPD765 is required in only the -
Command and Result"Phases, and NOT during the Execution Phase,

During the Execution Phase, the Main Status Register need not be read. If the uPD765
is in the NON-DMA Mode, then the receipt of each data byte {if xPD766 is reading data
from FDO) is indicated by an Interrupt signal en pin 18 (INT = 1). The generation of a
Read signal (RD = D) will reset the interrupt as well as output the Data onto the Data
Bus. If the processor canrot handle Interrupts fast enough {every 13 ps) then it may
poll the Main Status Register and then bit D7 (ROM) functions just like the Interrupt
slgnal. If a Write Command is in process then the WR signal performs the reset to the
Interrupt signal,

If the uPD786 is in the DMA Made, no Interrupts are generated during the Execution
Phase. The uPD765 generates DRQ's (DMA Requests) when each byte of data is avail-
able. The DMA Conwoller responds to this request with both a DACK = 0 {DMA
Acknowledge} and 2 RD = O (Read signal). When the DMA Acknowledge signal goes
low (DACK = 0} then the DMA Request is reset [DRQ = 0). If a Write Command has
been progremmed then a WH signal will appear instead of RD. After the Exeeution
Phase has heen completed {Terminal Gount has occurred) then an Interrupt will occur
{INT = t}. This signifies the beginning of the Result Phase. When the first byte of data
is read during the Result Phase, the Interrupt is automatically reset {INT = D).

It is important to note that curing the Result Phase all bytes shown in the Command
Table must be read. The Read Data Command, for example has seven bytes of data in
the Result Phase, All seven bytes must be read in order to successfully complete the
Read Data Command. The gPD765 will not aceept a new command until all seven
bytes have been read. Other commands may reguire fawer bytes o be read during the
Result Phase.

The uPD7865 contains five Status Registers. The Main Status Register mentioned above
may be read by the processor at any time. The other four Status Registers (STQ, ST1,
8T2, and ST3) are only available during the Result Phase, and may be read only after
suceessfully completing & command. The particular command which has besn executed
determines how many of the Status Registers will be read.

The bytes of data which are sent to the uPD 765 to form the Command Phase, and are
read out of the PD765 in the Result Phase, must accur in the order shown in the Com-
mand Table. Thet is, the Command Code must be sent first and the other bytes sent in
the prescribed sequence. Nao foreshortening of the Command or Result Phases are
allowed, Afier the last byte of data in the Command Phase is sent to the uPD765, the
Execution Phase automatically starts. in a simiiar fashion, when the last byte of data is
read out in the Result Phase, the command is automatically anded and the uPD 765 is
ready for a new command.
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Command w MT MF SK 1 10 a ] Cemmand Code Commm and w o 0 a4 o o0 1 ] Command Codes
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INVALID
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FOD and mairvsystsm {Mo0p - FOG goes It
Fans a Suatun infarmation ateer Stendoy Sate)
L - Resulc 8 |- ST 0 51080
R | ]
R Sectar 10 Intarmaton sfter 1
" Commard eusoution |
R
"
COMMAND SYMBOL  [svwso name | DESCRIFTION
DESCRIFTION 0 Adkieest Line 0 A ot s selacton of Main Seatus
Begster {AQ = D1 o Oata Register
ihg 2 11
© Cvlindar Number | G stancs for the eurrent selecterd Cylinder
tirack b numaer Q theough 76 of the
medivm.
o Data © stands for the data pattern which 15
5010 1o b writtan im  Sector
D7Op | D fus 3: Data Bus. whie 07 stands far 8 most
sigrficant bit, and O stands for a least
sgadiezmzn ]
DTL Dald Length Whzn N s defined as 00, DTL stancs for
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1220 out o write inlo the Sactor. i
EOT End of Track EGT stants for the final Seciar numbsr
on s Cylinder.
Gap Lengih GPL stends fo- the fength of Gap 3
ispacing betwazn Sectors excluding VEO
syc. Fiekil.
H Head Addres W stands for Neag number O or 1_as
specilred in 10 field,
HD Head HO stands ar 3 seiected head Aumbe O
or 1. (H = HD inall cammand werds |
HLT Head Load Tive LT stands for the head [oad time in the
FOD 12 10 256 ms 0 2 ms incramentsl. |
HUT Head Unioad Time | AUT stands for the hesd unicad time
aFter a rear o1 wi ite aperation has
oezurrnt (010 240 ms in 18 my
ME | EMor WEN Mode
I Wit Track TUMAT 5 gh. a multi4rck aperation s fo
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SYMBOL NAME DESCRIPTION COMMAND SYMBOL
N Number N stans fnr the numbar of data byTes DESCRIPTION (CONT.)
written in 3 Sector,
NCN New Clinder Number | NCN stands for a news Cylinder number,
which 15 goirg to be reached as a result of the
Seek operation. Desired position of Head. {
HD Nen-OMA Made ND stands for aperation in the Mon-DMA Mode. |
PCN Present Cylinder PCN stands for the Cylindes number 21 the com-
Humber pistion of SENSE INTERRUPT STATUS
Command. Position of Head a1 present time.
R Resord R stands for the Sector number, which will
b2 read or wiritien,
RAV RastArite AW stands for either Read (R) or Writa (W)
signal,
sC Seerar EC indzates the numser of Seetors nar
Cyiindar.
SK Skip SK stands for Skip Deleted Data Addrass Mark.
SRT Step Rate Tima SRT stands lor the Stepping Rate for the FDD.
' {1 to 16 ms in 1 ms increments. | Must be
t delined for each of the four drives.
| 8TD Status 0 ST 03 stand for one of four registers which
i ST1 ! Stewes i store the staius information alter & command
1 8T2 | Staws? hns been executed. This informetion is
! sT3 | Swwsd avgilsbla during the result prsse eftsr command
| ! excecution These registers should not be cone

fused with the main status register |selected by
Ag = 0p. 5T 0-3 may be read only after 8 com-
mand has been executed and contain infarmation

Celawant o 1At pact cular command

5TP During a Scan cperation, it STP = 1, the data in
| contigueus sectors is compared Byte by byte
with data sent from the orocessor (or DMAL;
and if §TP = 2, then alernate seciors are read
and compared.

150, UST | Urit Select US stands fer & selected drive number Oor 7.

The bits in the Main Status Register are defined as follows:

BIT NUMBER NAME SYMBOL DESCRIPTION

Dag FOD 0 Buy DgE | FOD number 0 5 i the Seek =

03; 7D 1 Busy D18 | FDD number T in the Sex mods

[} FDO 2 iy D38 | FUD number 7 1 in tha Scel mode
| o5 FOD 3 Busy D3k | FOD number 3 1 in the Seck made_|
DBy | FOCBuw ce A reador wits cammpnd s in |

crocess
DBs Non DA made oA The FDC is n The non-DMA made.
Dag Data IngutOutput | D10 | Indienes direction o data wanster

between FDC and Data Regizer. 1F
£10 = “1° then Lrangher ¢ frem
Data Register 10 1he Pracassor. 1
DIO - “0, then ranster s from ihe
Prognssor 1o Data Regiser

Dby Feauest for Master | RQM | Indicates Dat Register s 10ady 1o
send o receive data 10 o* from the
Processor. Both bts 010 and ROM
should be used o perform the hard
shakiog functions of “resdy” anel

" "dicection” 1o the pracesir.

The DI and ROM biis in the Status Regrster indicate when D3te is ready and i which
direciion data will be transferred on the Dats Bus.
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STATUS REGISTER
IDENTIFICATION

1 PD765

BIT
NAME

SYMBOL

DESCRIFTION

STATUS REGISTER 0

L}

Interrupt
Code:

Dy=0and Dg=0
Normal Termination of Cornmand, (NT). Com-
mand wes completed and properly executed.

Dy=0and Dg=1 5
Abnormal Termination of Command, (AT).
Execution of Command was started, but was not
successfully completed.

Dy=1andDg=0
Irwalid Command issue, {IC). Command which
was izsued wes never sterted, )

Dy=1and Dg= 1

Rbnarmal Termination because during command
execution the ready signal from FDD changed
stata,

Ds

'Seek End

SE

When the FDC completes the SEEK Command,
this flag is set to 1 thighl.

Dg

Equipment
ICheck

If a fault Signal it received from the FDD, or if
e Track D Signal falls to occur after 77 Step
Pulses [Recallbrate Command) then this flag is
sel.

D3

Not Ready

NR

When the FDD is in the nat-ready state and a
read or write command is issued, this flag is set.
If & read or write command is issued to Side 1 of
a single sided drive, than this flag is set,

D2

Head
Address

HD

This flag is used to indicate the state of the head
at Interrupt.

D1

Unit Select 1

us 1

Do

Unit Select 0

uso

These flags are used to Indicate a Drive Unit
MNurnber at Inteyrupt

STATUS REGISTER 1

Dy

End of
[Cylinder

EN

When tha FDC tries to access a Sector beyond
the final Ssctor of a Cylindar, this flag is set.

Dg

Not used. This bit is always 0 (low].

Ds

Drata Error

DE

When the FDG detects a GRC error in either the
ID field or the date field, this flag is set.

Dy

Over Run

OR

I# the FDC Is not sevviced by the main-systems
during date transfers, within a certain time
interval, this flag is set.

Mot used. This bit always Q {low).

D2

No Data

ND

During execution of READ DATA, WRITE
DELETED DATA or SCAN Command, if the
FDE eannot find the Sector specified in the IDR
Flegister, this flag is set

During executing the READ 1D Command, if
the FDC cannot read the | D field without en
error, then this flag is set.

During the execution of the READ A Cyiinder
Command, if tha starting seetor cannot be
found, then this flag is set.
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BIT
NO. i NAME l SYMBOL DESCRIPTION
STATUS REGISTER 1 (CONT.)
D49 | Not Nw During execution ol WRITE DATA, WRITE
Writable DELETED DATA or Formar A Cylinder Com-
mand, if the FDC detects a write protect signal
from the FDD, then this flag is sat.
| Do Missing MA If the FOC cannot detect the D Address Wark
| Adelress after encountering the index hole twice, then
{ Mark 1his flag is set.
1f the FOC cannot detect te Data Address Mark
ar Deleted Data Address Mark, this flag is set.
Alza at the same time, the MD {Missing Address
Mark i Data Field) of Status Register 2 is ser
STATUS REGISTER 2
Natused, This bitis dways 0 (low}
Contral cm During executing the READ DATA or SCAN
Mark Command, if the FDC encounters a Sector which
{ contains a Deleted Data Addrass Mark, this
i N flag is set.
:;05 Data Frror in oD If the FOC detects aCRC error inthe data ficld
;L Daa Fiald then this fiag is cet.
i Dg \Wrong WwC This bit is related with the ND hit, and when the
i Cylinder contents of G an the medium is different from
{ that stared inthe DR, this flag is set.
Scan Equal SH During execation, the SCAN Command, if the
Hit condition of “equal” is satisfied, this flag 1s set.
D5 | Scan Not SN During executng the SCAN Command, if the
Satistied FDC cannot find a Sector on the cylinder which
meets the condition, then this flag is seL
Dy Bad BC This bit s related with the MD bit, and when the
Cylinder content of C on the medium s different from
that stored in the {0R and the content of Cis
FF, then this flag is set.
Dg Missing MO When data is read from the medium, if the FOC
Address Mark |- cannot find a Data Address Mark or Deleted
in Data Fiald” Data Address Mark, then tiis flag is set
STATUS REGISTER 3
D7 Fault FT This bit 15 used to indicate the status of the
; Fault signal from the FOD
Dg Write WP This bit is used (o indicate the status of the
Protected Write Proiecied signal from the FDD,
Dg Ready Ay This bit is used to indicate the status of the
Ready 5 gnal from the FDD.
Dg | TrackQ T0 This bit is used 10 indicate thg status of the
Track 0 signal from the FDD,
D3 | Two Side T8 This bit is used 1o incicate the siatus of the
Two Side signal from the FDD.
D2 | Head Address HD This bit is used 1o indicate the status of Side
Select signal 1o the FOD,
01 | Unit Select 1 usa This bit is used to indicate the statas of the Unie
Select 1 signal ta the FOD
Op | UnitSelect 0 use This it 1s used (o nchicate the status of the Unit
Select 0 signal to the FDD,
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nsADn;.mu FUNCTIONAL
A set of pine (3) byte words are required to place the FDC into the Read Data Mode. Alter the Read Data DESCRIPTION OF
camand hes been issued the FDC loads the head (if it is in the unloaded state), wais the spacified head COMMANDS

setiling time (defined in the Specify Command), and beginé resding ID Address Marks and ID Fislds. Whan
the eurent sector number (*R™} stored in the 1D Register (IDR) corpares with the sector numbar read oft
ihe diskette, then the FDC outputs data (from the data fiald] byte-to-byte 1o the main systern via the dais
s,

Aftar completion of the read operation fram the eurrent sector, the Sectar Number is incrementsd by one,
and the data from the next sector is read and gutput on the data bus. This continuous read function is called
2 "Mutii-Sector Read Operetion.” The Read Data Command may be tarminated by the receipt of a Terminal
Lount signal. Upon receipt of this signal, the.FDG staps outputting data to the processor, but will continue
o read data from the current sector, check CRC {Cyelic Redundancy Count) bytes, and then st the end of
‘the sector terminate the Read Data Command.

The amount of data which can be handled with a single commend to the FDC dzpends upon MT (multi-
track), MF [MFM/FM), and N (Mumber of Bytes/Sector), Table 1 below shows the Transfer Capacity.

Wuilti- Track J Y M Transfer Capacity Final Sector Read
MT MF N (Bytes/Soctor) iNumber of Sectors) #rom Diskatta
0 ) 00 1128) (26) - 3328 26 at Side 0
| .o 1 0 1256) (26) = 6,858 or 26 at Side 1
1 0 ] {128) (52) = 6,656 3
1 1 o 12651 (52) = 13.312 205t SR
o 0 o 1256) (15) = 3,840 16 at Sigs 0
0 1 02 1512} (15) = 7,680 or 15 at Side 1
1 0 01 [268) (30) = 7.680 :
1 1 02 1812) (30) = 15360 16 ot Side 1
0 ] 02 E121(8) - 4,086 T Gde 0
0 1 03 (10m) (8] = 8192 or 8.at Side 1
1 0 02 (512) (16) = 8,192
1 1 03 11024) (16) = 16,384 Eat e 1

Table 1. Transfar Capacity

The “multi-track” function (MT) allows the FDC 10 raad data from both sides of tha diskatia. For a
articular cylinder, data will be wansterred starting at Sector 0, Side 0 and completing at Sector L, Side 1
{Sector L = last secter on the side). Note, this function pertains 1o only one cylinder (the same trackl on
each side of the diskette.

‘When N = 0, then DTL defines the data length which the FDC must treat as a sector. 1 DTL is smaller than
the actuai data length in a Sector, the data beyond DTL in the Sactor, is not sent to the Data Bus. The FDC
resds (internally) the complele Secter performing the CRC chesk, and depending upen the manner of com-
mand i may perform a Muiti-S Read Operation. When N is non-zero, then DT L has ne
meaning and should be set to FF Hexidecimal.

At the complation of the Read Data Command, the head is not uploaded until after Head Unload Time
interval (specified in the Specify Command} has clapsed. If the proccssor issues arother command before
the head unloads then the head settling time may be saved betwaen subsequent réads. This time outis
particuiarly valuable when a diskette is copied from one drive ta anathar,

If the F DC detects the Index Hale twice without finding the right sector, (indicated in *"R™|, then the FD-C
sets the ND (No Data) flag in Status Register 1 to a 1 (high), and tarminates the Read Data Command.
{Status Register 0 also has bits 7 and 6 set to Qand 1 respectively.}

After reading the 1D and Date Fields in each sector, the FDC checks the CRC bytes, IT a read error is
detected (incorrect CRC in 1D field), the FDC sets the DE {Data Error) fiag in Status Register 1102 1 (hight,
and if 2 CRC error gccurs in the Data Fietd the FDC aisg sets the DD (Data Error In Data Field! flag in
Status Register 210 a 1 (high), and terminates the Read Data Command. (Status Register 0 alsa has bits 7
and B ¢ot to O and 1 respectively.)

Staius Register 21c a 1 (high), and terminatss the Read Data Command

I the FDE reads 2 Deleted Data Addrass Mark off the disketta, and the SK bit (8t DS in the first Command
Word? is not set (SK = G), then the FDC sets the DM (Contral Mark) flag in Status Register 2to a 1 {highl,
and ferminates the Read Data Command, after reading sii the data in the Sector. If 8K = 1, the FDC sldps.
the sector with the Deleted Data Address Mark and reads the next sector.

During disk data transfers between the FDC and the processor, via the data bus, the FDC must be serviced
by the pracessor every 27 ps in the FM Mode, and every 13 us in the MFM Mode, ar the FDC sets che OR
{0ver Run) flag in Staig Reglster 110 3 1 (high), and terminates the Pasd Dats Comemand,

I the processor 1emminates 2 read (or write) operation in the FOC, then the ID Information in the Result
Phase Is dependantupon the state of the MT bit and EGT byte. Tatia 2 shows the valuss for C, H, R, and
N, when the processar terminates the Command,
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MT|  EOT | Finel Sectar T to Processar 0 omestFan 4t Fiedulc Fhikle
c H R N

1A Sector 1 to 25 ut Side Q

oF Sector 1 to 14 at Side 0 NC NC R+1 NC

08 Sector 110 7 a1 Side 0

1A Sector 26 gt Side 0

oF Bector 15 at Side 0 c+1 NC R=01 NC
i 3 Secror B at Side 0

14 $actor 1 to 26 at Side 1

OF Sector 1 ta 14 a1 Side 1 NC NG R+1 NC

08 Sector 1 to 7 at Side 1

1A Sector 28 at Side 1

oF Sector 15 at Side 1 C+1 NC R=01 NC

08 Sector B at Side 1

1A Sector 1 to 25 at Side 0

OF Sectar 1 ta 14 a1 Side 0 NC NC R+1 NG

08 Sector 1 ta 7 a1 Side 0

14 Sector 26 at Side 0 g

oF Sector 15 0t Side 0 MNC LSB R=D1 NG
1 08 Sectar § a1 Sidz 0

1A Sector 1 10 26 at Side 1

oF Sector 1 to 14 at Side 1 NC NC R+1 NC

08 Sector 1to 7 at Side 1

1A Sector 26 at Side 1

oF Sector 16 at Side 1 c+1 Lse R=01 NC

08 Sector 8 at Side 1

Notes: 1 NC (No Change): The same value as the one at the beginning of command execution,
2 LSE (Least Significant Bit): Tha lsast significan bit of H iscomplemented.

Tabls 2: 1D Information When Processar Tarminates Command
WRITE DATA

A set of nine (9) bytes are required to set the FDC into the Write Data mode, After the Write Data command
has been issued the FOC loads the head [if it is In thes unlosded state), waits the specified heat settling time
{defined in the Spacify Command], and begins reading |1 Fields. When the current sector numbar ("R"),
starad in the |2 Register (IDR) compares with the sector number read off the diskette, then the FDC takes
data from the processor byte-by-byte via the data bus, and outputs it to the FDD,

After writing data into the current sactor, the Sectar Numbar stored in R™ is incremented by ona, and the
rext data field is written into. The FDC continues this “"MultiSactor Write Operation” until the issuance of
a Terminal Count signal. If 2 Terminal Count signal is sent 1o the FOC it continues writing into the current
sector to complete the data field. If the Tarminal Count signal is received whils a data field is being written
then the remainder of the data field ic fillad with 00 (zeras).

The FOC reads the 1D field of each sector and checks the CRC bytes. |f the FOC detects a read errar
{incorrect CRC) in one of the 1D Fields, it sats the DE (Data Error) fiag of Status Register 1 toa 1 fhugh),
and tarminates the Wirite Data Comman. Status Register D also has bits 7 and & set ta 0 and 1 respectively.]

The Write Command cperates in much the same manner as the Read Command. The following items are the
same, and ane should refer to the Read Data Command for dezails:

o Transter Capacity e Head Unicad Time Interval
# EN (End of Cylinder) Flag s 1D Information when the processor terminates command (see Toble 2|
= ND (No Datal Flag @ Definition of OTL when N = 0 end when N = 0

I the Write Data mode, data transfers betwsen the processor and FDC, via tha Data Bus, must accur avery
31 s in the FM mode, and every 15 ps in the MFM mode. I the time interval berwaen data transters is
tonger than this then the FDG sets the OR (Over Runi flag in Status Register 1 ta a 1 (high), and terminates
the Write Data Command. {Status Register D also has bit 7and 6 set to 0 and 1 respsctively.}

WRITE DELETED DATA

This command is the same as the Write Dats Command except a Deleted Data Address Mark is written at the
baginning of the Data Field instead of the normal Data Address Mark,

READDELETED DATA

This command is the same as the Read Data Command except that when the FDC detects a Data Address

Mark at the beginning of a Date Field land SK = D (low), it will read all the dase in the sector and set the
MD flag in Stztus Register 2 to a 1 (high), and then terminate the command. [f SK = 1, then the FDC skips
the sector with the Data Addrass Mark and reads the next sector,
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READ A TRACK

This command is similar 10 READ DATA Cammand except thet this is a centinusus R EAD operation
whare the antire contents of the track are read. Immediately after encountering the INDEX HOLE, the
FOC starts reading all dats on the track, Gap bytes, Address Marks 2nd Data are ll read s a continuous
data stroam. If the FDC finds an ervor in the ID or DATA CRC check bytes, it continues to read data
from the track. The FDC compares tha 1D information read from each sector with the value stored in the
IDA, and sets the ND fiag of Status Aegisier 1w a 1 [high) if there is mo compariton. Multi-track or skip
operations are not allowad with this command.

This command tenminates when EOT number of sectors have been reed (EQTmax = FFhey = 266gach.
It the FOC does not find an 1D Address Mark on the diskette aiter it encounters the INGEX HOLE for the
secand time, then it sets the MA [missing address mask) flagin Status Register 1 to a 1 thigh), snd 1ermi-
nates the command [Status Aegister 0 has birs 7 and 6 set to 0 and 1 respectively).

READ 1D

The READ 1D Command is used ta give the present position of the recarding head. The FDC stores the
values from the first ID Field it is able 1o read. If no proper 1D Addrass Mark is found on the diskette,
betfore the INDEX HOLE is encountered for the second time then the MA {Missing Address Mark] flag in
Status Register 1 is set to 2 1 {high), and if no data is found then the NG (N Datal flag is also so1in Status
Register 1 to a 1 (high). The command is then terminated with Bits 7 and 8 in Status Register O set 10 0
and ¥ respectively.

FORMAT A TRACK

The Format Command allaws an entire track to be formatted. Atter the INDEX HOLE is detected, Data is
written on the Diskette; Gaps, Address Marks, ID Fields and Data Fields, all per the 18M Svstem 34 {(Double

Densityl or Systern 3740 (Single Density) Farmat are recorded. The particular format which will be written -

is controlied by the values programmed into N {number of byles/sector), SC {szctaisfylincer), GF L {Gap
Length}, anct D (Data Patiern) which are supplied by the procassor during the Command Fhase. The Data
Field is filled with the Byte of data stored in D, The ID Field for each sactor is supplied by the processor;
that is, four data reguests per sector are made by the FOC for C (Cylinder Number), H {Head Number),
R (Sector Number) and M {Mumber af Bytes/Sector). This allows the diskette 10 be formetted with nane
sequential sector numbers, if desired.
After formatting each sector, te processor must send new vaiues for C, K, R, 2nd N ta the y#D765 for
each sector on the track. The contents of the R register is incremented by cne afier each sactor is
formattad, thus, the R register contains & value of R = 1 when it is read during the Result Phase. This
incrementing and farmatting continues for the whole eylinder until the FDC encounters the INDEX HOLE
for the second time, it i the

If a FAULT signal is received from the FDD at the end of a write operation, then the F DO sets the
EC flag of Status Registar 0 to & 1 {high), and serminates the command after setting bits 7 and 6 of Status
PRegister 010 0and 1 respectively. Aisa the loss of a READY signal ot the beginning of a commana
axecution phase causes bits 7 and 6 of Status Reglster 0 to be set to D and 1 respacitvely.

Table 3 shows tha ralatienship between N, SC, and GPL for various sector sizes:

FORMAT | secToRsize | N | sc | er (M) erL (D] REmARKS
128 bytee/Sector | 00| 1A(16y| 0745 | 1B(1g) | 1BM Diskette 1
FM Made | 256 01 | OFjg) | OE(ie | 2Apg) | $8M Diskerre 2
512 02 | 08 Bae | 3An0E
1024 bytes/Sector | 03 | 04 = -
FMMode | 2048 04 | 02 = -
4006 05 | 01 - -
256 01 | 1Ay | OE(16) | 36(18) | iBM Disketta2D| ~
512 02 | OFj1g) 1B{16) 5418} »
1024 03 | 0B 35(15 74, tBM Diskerts 2D
MEM Mode (15} (16) iskerta
2048 04 | 04 - -
4086 o5 | 02 = =
192 06 | 01 - -

Table 3

tata: () Sugoested values of GPL in Reed or Write Commends to availl splice point betwesa date fisld
snd 10 fietd of contiguous sections.

() Sugaested woluas of GPLin formet conanaed.
35

FUNCTIONAL
DESCRIPTION OF
COMMANDS (CONT.)



FUNCTIONAL
DESCRIPTION OF
COMMANDS (CONT.)

wPD765

SCAN COMMANDS

The SCAN Commands allaw data which is being read from the diskette to be compared against dats which
ie being supplied from the main system (Processor in NON-DMA mode, and DMA Controller in DMA model.
The FDC compares the data on a byte-by-byte basis, and looks for a sector of data which meets the cond
tions of DEDD = Dprocessor. DFDD S OProcessor: 0 DEDD 2 DPracessor- Ones camplemant ari
metic is used for comparison (FF = largest number, 00 = smallest number]. After a whele sector of dala
is comnarad, if tha conditions are not met, the sectar number is incremented (R + STP — R}, and the scan
operation is continued. The scan operation continues until one of the following zonditions aceur; the con-
ditions far scan are met lequal, low, or high), the last sector on the track is reached {EQT), of the terminal
count signal is received.

If the conditions for scan are met then the FOG seis the SH {Scan Hit) Fag of Status Registor 2t0 2 1
Ihigh), and terminates the Scan Command. if the conditions for scan are not met between the starting
sector (as specified by R} end the last sector on the cylinder (EOT), then the FDC sets the SN {Scan Not
Satisfiad) flag of Stanis Register 2 1o 1 {high), and terminates the Scan Command, The recsipt of a
TERMINAL COUNT signal from the Procescar ar OMA Controller during the sean operation will cause the
FDC 1o complete the comparison of the particular byte which is in process, and then to terminate the com.
mand. Table 4 shows the status of bits SH and SN under various conditions of SCAN.

STATUS REGISTER 2
COMMAND COMMENTS
Biiz=sw | BiTdcsH
0 1 DFDO = DProcsssor
Scan Equal
1 Q DEDD # DProcessor
a 1 DEDD = DProcassor
Sean Low ar Equal 0 o DFDD < DPracessar
] 0 DEDD % DProcessor
0 1 DEPD = DProcessor
| Scan High ar Equal 0 DrpE < DProgessor
| 7] o DFDD # DProcessor

Tabie 4

if the FDC encounters s Delated Data Address Mark on one of the sectors {and SK = 0], then it regards the
sector &s the last sector on the cvlinder, sets CM (Control Mark) flag of Status Register 2 to a 1 (high) and
terminates the command. if SK = 1, the FDC skips the secior with the Deleted Addrass Mark, and reads
the next sector. |n the second case (SK = 1), the FDC sets the CM {Cantrol Mark) fiag of Status Register 2
o 1 (high) in order w show that a Deleted Sector had been encountered.

When gitner the STP (contiguous sectars = 01, or alternate sectors = 02 szctors arg read) or the MT {Multi-
Treck) are programmed, it is necessary to remember that the last sector on the wack must ba read. For
exemple, if STP = 02, MT = 0, the sectors are numbered sequantially 1 through 26, and we stert the Scan
Command at sector 21; the following wiil happen. Sectors 21, 23, ard 25 will be read, then the next sector
(26) will be skippad and the Index Hale will be encountered beiore the EQT value of 26 can be reag. This
will result in &n abriormal termination of the command. If the EOQT had been set at 25 or the scanning
started at sactor 20, then the Scan Command would be compieted in a normal manner.

During the Scan Command data is suapliad by aither the processor ar DMA Controller for comparisan
ayginst the dats read from the diskeite. |n order ia avoid having the OR {Over Run) flag set in Status
Register 1, il is necassary 1o have the datla evailable in less than 27 s (FM Mode) or 13 a5 (MFM Mode] 1
an Qverrun cccurs the FDC ends the command with bits 7 and 6 of Status Register G serto O and 1,
respectively.

SEEK
The read/write head within the FDD is moved from cylinder to cylinder under contral af the Seek
Command. The FOC comparas the PCN (Present Cylinder Number| which is the gurrent head position
with tha NCN {New Cylinder Number), and if there is a difference performs the following oparation:
PCN < NCN: Direction signal to FOD set to a 1 {high), and Step Pulses are issued. {Step In.)
PCN > NCN: Direciion signal to FDD set ta a 0 (low), and Step Pulses are issued. {Step Out 1

The rate at which Step Pulses are issued is controlled by SRT [Stepping Rate Time} in the SPECIFY Com-
mand, After eech Step Pulse is issued NCN is compared against PGN, and when NCN = PCN, then the SE
{Seek End) Hag is se1 in Status Register 0 ta a 1 (high}, and the cammand is terminated.

During the Command Phase of the Sesk aparation tha FDC s in the FOC BUSY state, hut during the
Exscution Phase it is in the NON BUSY state. While the FDC is in the NON BUSY state, anather Sesk
Command may be issued, and in this manner parallel seek oparations may ba dana onup ta 4 Drives 3t
ance,

I¥ an FOO is in 2 MOT READY state at the beginning of the cammand execution phase or during the seek
eparation, then tha NR {NOT READY] flagis set in Status Register 0 10 3 1 (high), and tha commard is
rerminated aftar bits 7 and B of Status Register O ars 58t 1o Dand 1 respectively.
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RECALIBRATE

The function of this command is to retract the read /write head within the FDD ta the Track 0 position.
The FDC clears the contents of the PCN counter, and checks the status of the Track D signal from the
FDD. Aslong 25 the Track 0 signal is law, the Direction signal remaing 1 (vigh) and Step Pulses are issuad.
When the Track O signal goss high, the SE (SEEK ENDY) flag in Status Register 0 is sel to a 1 (high) and the
cemmand is terminated. If the Track O signal is s1ill low after 77 Step Puise have baen issued, the FOC sets
the SE (SEEK END) and EC {EQUIPMENT CHECK) flags of Staws Register O to both 55 {highsj, and
terminates the command after bits 7 and 6 of Status Register O is set ta 0 and 1 resestively,

Tha ability ta do averlap RECALIBRATE Commands to multipla FDD: and the [0is of the READ'
as described in the SEEK Command, also 2ppiiss to the RECALIBRATE Command.

SENSE INTERRUPT STATUS
An Interrupt signal is generated by the FDC for one of ths fallowing reasons:

1. Upon entering the Result Phase of:
. Read Datz Command
Read a Track Commangd
. Read 1D Command
. fAead Deleted Data Command
. Write Data Command
Format a Cylinder Command
- Write Deleted Data Command
. Sean Commands
2, Ready Line of FDD changes state
3. End of Seek or Recalibrate Command
4, During Execution Phase in the NON-DMA Mode
Enterrupts caused by reasans 1 and 4 above ccour during normal command operations and are casily dis-
cernible by the processor. However, interrupts caused by reasons 2 and J abave may be unique'y iden tified
with the aid of the Sense Interrupt Stats Command. This command wher issued reses the interrupt signal
and via bits B, 6, and 7 of S1atus Register @ identifies the cause of the interrupt.

Tem~panpgw

SEEK END | INTERRUPT CODE
CAUSE
BITS BIT 6 BIT7?
1] 1 1 Ready Line changed state, either polarity
1 o 0 Mormal Termination of Szek or Recalibrate Command
1 1 0 e ion of Seek ar il ‘Command

Table 6

Neither the Seek or Recalibrate Command hava a Result Phase. Thersfore, it is mancatory 1o use the Senses

Interrupt Seatus Command after these commands 1o affectively terminate them and to provide verification
«af where the head is positioned (PCN).

SPECIFY

The Specify Command sets the initial values for each of the three internal timers, The HUT (Head Unload
Tirme) dafines the time from the and &f the Execution Phass of ane of the Read/Writs Commands 16 tha
head unboad state. This timer is progremmable from @ to 240 me in increments of 16 ms (00 = O ms, 1 =
16 ts, 02 = 32 ms, etc.). The SRT {Step Rate Time] defines thé time interval betvrsan adjacent step
pulses. This timer is programmable from 1 to 16 me in increments of Tm: (F=1ms, E=2ms, 0 = I me,
atc.). The HLT (Head Losd Tirnel defines tha time between when the Head Load signel gos high and when
he Reat/Write operstion starte. This Tmer i programmable from 2 to 266 ms in increments of @ me
(00=2Zms, 01 =4 ms, G2=86ms, etc.).

The time intervals mentioned above are a diract function of the clock (CLK an pin 18). Times indicated
above are for an B MHz clock, if the clock wes reduced te 4 MHz Imini-floppy application] then ail time
witervals are increased by a factor of 2.

The choice of DMA or NON-DMA operation is made fry the ND (NOM-DRA) bit. When this bitis high
{MND = 1) the NON-DMA mads is selected, and when ND = 0 the DMA maode s sefcied,

SENSE DRIVE STATUS

This command may be Lsed by the processor whenever il wishes to obtain the stats of ihe FDDs.

Status Register 3 cantaing the Drive Status infarmation,

ENVALID

if an invalid command is sent to the FOC (a command not defined abave), then the FDC will terminate the
command after bits 7 and 6 of Status Register O are set to 1 and 0 respectively. A Samss Imterrupt Status
Command must be sant sfter & Sesk or Recalibrate Imisrrupt, otherwise the FDC will consider the next
eammand to be mn invalid Command.

Irv sama applications the user may wish to use this command as & No-Op command, to place the FDCina
standby ar no operation state.
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SPECIFICATIONS

PHYSICAL: 7 1/2" high by 11" wide exclusive of edge fingers; fits the K-1005 series
of card files.

POWER REQUIREMENT: +8 volts unregulated 600MA, +16 volts unregulated 125MA.
BUFFERING: Maximum of 1 LS TTL load on address and data bus lines.
LSI CHIPS USED: uPD765 disk controller, 4116 dynamic RAM 200NS access time.

SYSTEM CLOCK FREQUENCY: Phase 2 clock frequency must be 1.0MHz crystal controlled
as provided by all KIM, SYM, AIM, and PET computers.

DISK DRIVE INTERFACE: Shugart 8 inch SA800 compatible drives may be used directly.
Others accomodated by jumper and cable change.

ON BOARD MEMORY: 2 independent 8K blocks of RAM, 256 bytes bipolar PROM.

DATA TRANSFER METHOD: Direct access into on-board memory.

WAIT STATES: None under any condition. DMA transfers and memory refresh performed
during phase 1 of the system clock. (6502 accesses only during phase

2.

ADDRESSING: Each 8K block of memory may be independently addressed on any 4K
boundary. PROM and I/0 registers are part of one 8K block.

DATA SEPARATOR: True analog phase-locked loop, no quantizing error.

ADJUSTMENTS: 4, Master clock syne, data separator oscillator, standard density
pulse width, double density pulse width.
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PIN CONNECTIONS

KIM BUS SIGNAL KIM BUS SIGNAL
CONNECTOR CONNECTOR
1 N. C. A ADDRESS BUS 0
2 N. C. B ADDRESS BUS 1
3 N. C. c ADDRESS BUS 2
4 1RQ D ADDRESS BUS 3
5 N. C. E ADDRESS BUS 4
6 N. C. ¥ ADDRESS BUS 5
7 RESET H ADDRESS BUS 6
8 DATA BUS BIT 7 J ADDRESS BUS 7
9 DATA BUS BIT 6 K ADDRESS BUS 8
10 DATA BUS BIT 5 L ADDRESS BUS ¢
11 DATA BUS BIT 4 M ADDRESS BUS 10
12 DATA BUS BIT 3 N ADDRESS BUS 11
13 DATA BUS BIT 2 P ADDRESS BUS 12
14 DATA BUS BIT 1 R ADDRESS BUS 13
15 DATA BUS BIT 0 S ADDRESS BUS 14
16 N. C. T ADDRESS BUS 15
17 N. C. U PHASE 2
18 * +8 VOLTS UNREG v READ/WRITE
19 * VECTOR FETCH W N. C.
20 * DECODE ENABLE X * +16 VOLTS UNREG
21 N. C. Y N. C.
22 GROUND z N. C.
* Do not connect to processor board.
DISK DRIVE SIGNAL DISK DRIVE SIGNAL
CONNECTOR CONNECTOR
1 GROUND 26 DRIVE SELECT 0
2 LOW WRITE CURRENT 27 GROUND
3 GROUND 28 DRIVE SELECT 1
4 N. C. 29 GROUND
5 GROUND 30 DRIVE SELECT 2
6 N. C. 31 GROUND
7 GROUND 32 DRIVE SELECT 3
8 N. C. 33 GROUND
9 GROUND 34 STEP DIRECTION=IN
10 2-SIDED SENSE (2-side only) 35 GROUND
11 GROUND 36 STEP
12 N. C. 37 GROUND
13 . GROUND - 38 WRITE DATA
14 HEAD SELECT (2-side only) 39 GROUND
15 GROUND 40 WRITE ENABLE
16 N. C. 41 GROUND
17 GROUND 42 TRACK ©
18 HEAD LOAD 43 GROUND
19 GROUND 44 WRITE PROTECT
20 INDEX 45 GROUND
21 GROUND 46 RAW READ DATA
22 READY 47 GROUND
23 GROUND 48 - N. C.
24 N. C. 49 GROUND
25 GROUND 50 N. C.
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TIMING DIAGRAMS
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0000

0000
0002
0003
0004
0005
0007
0009

0008

0200
0201
0202

0203
0204
0206
0208
020A
020C
020F
0210
0212
0214
0216
0218

0214
021¢C

40
80
03

A9o1
8505
A900
8500
ADO102

691F
8501
AOES
A900
9100

ASOF
B504

we W We We We Wi e WE we WS $s W Ws Ws ws we ws we

SCMEMA:
ERRDTA:
OKDTA:
ITCNT:
RANDNC:
SEED:

ADDRCT :

MAINIO:

MEMORY DIAGNOSTIC PROGRAM LISTING

.PAGE 'EQUATES AND DATA STORAGE'

MEMORY TEST AND EXERCISE PROGRAM FOR THE K-1013 DISK CONTROLLER
THE TEST IS A MEMORY FUNCTION TEST. RANDOM BITS ARE STORED
IN A SCRAMBLED ORDER WHICH IS5 ALSO RANDOMLY DETERMINED. AFTER
EVERY MEMORY LOCATION 1S FILLED, THE SAME DATA AND SEQUENCE IS
REGENERATED AND MEMORY CONTENTS ARE CHECKED AGAINST IT. THEN A
NEW SEQUENCE IS TRIED. THIS IS ITERATED 16 TIMES WITH A 16
SECOND PAUSE BETWEEN THE WRITE AND VERIFY PHASE OF THE 16TH
ITERATION TNSERTED TO VERIFY THE FUNCTIONALITY OF DYNAMIC RAM
REFRESH. FOLLOWING THIS ANOTHER GROUP OF 16 ITERATIONS IS DONE
THIS PROGRAM 1S SPECIFICALLY WRITTEN TO TEST THE 15.75K OF
MEMCRY OR-BOARD THE K-1013 DISK CONTROLLER.
AN ADDITIONRAL PAGE (256 BYTES) OF MEMORY 1S NEEDED TO
ACCOMODATE THE TEST ALGORITHM USED. THIS 1S NORMALLY THE PAGE
FROM 0300-03FF.
IF THE K-1013 USER RAM DOES NOT START AT 4000, SET THE STARTIHG
PAGE NUMBER INTO LOCATION 0200.
IF THE K-1013 SYSTEM RAM DOES NOT START AT 8000, SET THE
STARTING PAGE NUMBER INTO LOCATION 0201,

BASE PAGE DATA STORAGE

.- 0
= 2 ; SCRAMBLED MEMORY ADDRESS AND ERROR ADDRES
=1 ; INCORRECT DATA READ BACK
N | $ CORRECT DATA WRITTEN
-+ 1 ;s ITERATION COUNT
=2 ; RANDOM NUMBER REGISTER
-2 s SAVES SEED FOR VERIFY
= 2 ;+ DOUBLE BYTE ADDRESS COUNTER
.- X'200 3 START PROGRAM CODE AT 200
.BYTE X'40 ; PAGE ADDRESS OF USER RAM
.BYTE X'80 + PACE ADDRESS OF SYSTEM RAM
.BYTE X'03 ; PAGE ADDRESS OF FILLER RAM
cLD ; INSURE BINARY ARITHMETIC
LDA  #x'01 ; INITIALIZE RANDOM NUMBER REGISTER
STA  RANDNO
LDA  #0 ESTABLISH ADDRESS OF MARDWARE CONTROL

- e

STA SCMEMA
LDA SYSRAM

REGISTER AND TURN MEMORY PROTECT OFF

CLC

ADC X IF
STA SCMEMA+]
LDY #X'E8
LDA #0

STA (SCMEMA) ,Y

TEST: 16 PASSES WITH RANDOM DATA, PAUSE IN 16TH PASS
LDA £15 ; SET 16 ITERATION COUNT

STA ITCNT
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K13T8 K-1013 MEMORY EXERCISE
EQUATES AND DATA STORAGE

57 021E 200202 MATNIl: JSR RAND NEW PASS, GET A RANDOM

3

58 0221 A505 LDA RANDNO § NUMBER IN RANDNQ AND SAVE

59 0223 8507 STA SEED ; AS SEED FOR VERIFY

60 0225 AS506 LDA RANDNO+1

61 0227 8508 STA SEED+1

62 0229 205F02 JSR RNDGEN ; GENERATE A RANDOM DATA PATTERN IN 16K
63 022C A504 LDA ITCHT ; TEST IF LAST PASS

64 022E DO11 BNE MAINIS ; SKIP OVER WAIT IF NOT

65 0230 A200 LDX #0 ; WAIT FOR ABOUT 15 SECONDS IN A TIGHT LOOP
66 0232 ADOD MAIN12: LDY #0 ; TO TEST REFRESH CIRCUITRY SINCE TESTING
67 0234 A921 MAIN13: 1DA #33 ; 1S NORMALLY FAST ENOUGH TO KEEP THE
68 0236 18 MAINL4: <CLC s MEMORY REFRESHED.

69 0237 69FF ADG #-1

70 0239 DOFB BNE MAINLIZL

71 023B 88 DEY

72 023C DOF6 BNE MAINI3

73 023E CA DEX

74 023F DOFI BRE MATN1Z

75 0241 A507 MAIN15: LDA SEED ; RESTORE RANDOM SEED FOR VERIFY PHASE
76 0243 8505 STA RANDNO

77 0245 A508 LDA SEED+1

78 0247 8506 STA RANDNO+1

79 0249 207B02 JSR RNDVER 3 VERIFY

80 024C DOG7? BNE RNERLC 4 GO TO ERROR LOC IF ERROR

Bl 024E C604 DEC ITCNT : DECREMENT AND CHECK ITERATION COUNT
82 0250 locc BPL MAINL1 3 LOOP UNTIL 16 ITERATIONS DONE

83 0252 4ClAQ02 JMP MATR1O 3 REPEAT THE ENTIRE TEST WITH DIFFERENT
B4 ; DATA

85

86 0255 8502 RNERLG: BTA ERRDTA 3 STORE ERROR BITS

87 0257 AS05 LDA RANDNO ; STORE OK BITS

88 0259 8503 STA OKDTA

89 025B 00 BRK 3 BRK TO HALT

90 025C 0000 LBYIE 0,0 5 RCOM TO INSERT A JUMP INSTEAD

91

92 ; RANDOM PATTERN STORED IN SCRAMBLED ORDER CENERATE ROUTINE
93

94 025E A%00 RNDGEN: LDA #0 ; INITIALIZE ADDRESS COUNTER

95 0260 8509 STA ADDRCT 3 TO 16384

96 0262 A940 LbA #16384 /256

97 0264 B50A STA ADDRCT+1

98 0266 20C202 STORPH: JSR RAND ; GENERATE A RANDOM NUMBER

99 0269 209402 JSR MADDR ; FORM A SCRAMBLED MEMORY ADDRESS

106 026C A505 LDA RANDNO ; STORE A RANDOM BYTE

101 026E A200 LDX #0 ; INDIRECTLY THROUGH SCRAMBLED MEMORY
102 0270 B100 STA (SCMEMA,X) ; ADDRESS AT SCMEMA

103 0272 €609 DEC ADDRCT ; DECREMENT ADDRESS COUNTER

104 0274 DOFO BNE STORPH j AND LOOF IF NOT ZERO

105 0276 C6O0A DEC ADDRCT+1

106 0278 DOEC BNE STORPH

107 0274 6O RTS i RETURN WHEN DONE
108
169

110 ) RANDOM PATTERN STORED IN SCRAMBLED ORDER VERIFY ROUTINE
111
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112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166

0278
027D
027F
0282
0285
0287
0289
0288
028D
028F
0291
0293

0294
0296
0298
029A
029cC
029E
0240
0242
0244
0245
0248
02 AB
02AD
02AF
02B0
02B2
02B3
02B6
02B9
02BB
02BC
02BF
02¢1

02¢2
02¢4
02¢6
02C7
02¢9
02CA
02CB
0ZCD

A940
8504
20c202
209402
Al00
c505
D008
C609
DOFO
C60A
DOEC
60

A5Q7
4509
8500
AS08
4504
293F
520
BOO7
18
6D0002
4CBFO2
G9IF
BOQA
38
ES20
18
6D0102
4CBFO2
E93F
18
6D0202
8501
60

ADOB
AS05
LA
4505
LA
4A
4505
LA

RNDVER:

VERFPH:

VERRET:

MADDR :

MADDRI =

MADDR2 :

MADDR3 2

RAND:
RANDI :

LDA
STA
JSR
JSR
LDA
CMP
BNE
DEC
BNE
DEC
BNE
RIS

#16384 /256
ADDRCT+1
RAND
MADDR

( SCMEMA,X)
RANDNO
VERRET
ADDRCT
VERFPH
ADDRCT+1
VERFPH

INITIALIZE ADDRESS COUNTER

CENERATE A RANDOM KUMBER

FORM SCRAMBLED MEMORY ADDRESS
GET DATA FROM MEMORY INDIRECTLY
THROUGH SCMEMA

CO RETURK ON UNEQUAL COMPARE
DECREMENT ADDRESS COUNTER

AND LOOP IF NOT ZERO

; RETOURN

SCRAMBLED MEMORY ADDRESS FORMATION ROUTINE
USES ADDRCT AND SEED TO FORM A SCRAMBLED ADDRESS IN SCMEMA

LDA
EOR
STA
LDA
EOR
AND
CMP
BCS
CLC
ADG

CMP
BCS
SEC
8BC
CLC
ADC
JMP
SBC
CLC
ADC
STA
RTS

SEED

ADDRCT
SCMEMA
SEED+1
ADDRCT+1
#16384 /2561
#8192/256
MADDR]

USRRAM f
MADDR3 H
#16384~256/256
MADDRZ

#8192/256

SYSRAM
MADDR3
#16384-256/256
H
FILRAM
SCMEMA+1

Sn R N

GET LOWER BYTE OF RANDOM NUMBER
EXCLUSIVE-OR WITH LOWER ADDRESS
LOWER BYTE OF RESULT

GET UPPER BYYE OF RANDOM NUMBER
EXCLUSIVE-OR WITH UPPER ADDRESS
SAVE SIGNIFICANT BITS OF RESULT
TEST IF IN USER RAM

SKIP AHEAD IF NOT

IF 50, ADD IN FIRST PAGE ADDRESS OF USER
RAM
;3 TEST IF IN SYSTEM RAM

; SKIP AHEAD IF NOT

IF S0, SUBTRACT OUT 8K AND THEN ADD IN
FIRST PACE ADDRESS OF SYSTEM RAM

3 MUST BE IN ROM AREA, SUBTRACT 15.75K
AND THEN ADD IN PAGE ADDRESS OF FILLER
PAGE

STORE ADJUSTED PAGE ADDRESS

RETURN

RANDOM NUMBER GENERATOR SUBROUTINE

ENTER WITH SEED IN RANDNO

EXIT WITH NEW RANDOM NUMBER IN RANDNO

USES 16 BIT FEEDBACK SHIFT REGISTER METHOD
DESTROYS REGISTER A AND Y

LDY
LDA
LSRA
EOR
LSRA
LSRA
EOR
LSRA

#8
RANDNO

e e e

RANDNO

RANDNG
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K13718 K-1013 MEMORY EXERCISE

EQUATES AND DATA STORAGE

167 02CE
168 0200
169 02D1
170 0202
171 02D3
172 02p4
173 02D6
174 02D8
175 0219
176 02DB
177

178 GQ00
NG ERROR

LINES

EOR
LSRA
LSRA
LSRA
LSRA
ROL
ROL
DEY
BNE
RTS

-END

RANDNO+1

RANDNO+1
RANDNO

RAND1

-

-

T

4

RESULT IS IN BIT 3 OF A
SHIFT INTO CARRY

SHIFT RANDNO LEFT ONE BRINGING IN CARRY

TEST IF 8 NEW RANDOM BITS COMPUTED
LOOP FOR MORE IF NOT
RETURN



4000
8000
9FEE
9FEF
9FE8
9FE8
9FEA
8600
8000
8000
8000
onos

aooo

e M M M ME R WE WD MR Wa wa SR WE W ST R e S e Sa8 s e Us AEs G s e e ter s e e e e

USRRAM
SYSRAM
FDCHSR
FDCDR

FDCIRQ
FDCHWC
FDCDMA
BUFFER
READBF
FORMDA
RWISDA
NSTAG

i

DISK DRIVE DIAGNOSTIC PROGRAM LISTING

.PAGE 'DOCUMENTATION, EQUATES, AND STORAGE'

DISK DIAGNOSTIC FOR THE R-1013 FLOPPY DISE CONTROLLER

THLS PROGRAM HAS SEVERAL DIAGNOSTIC/EXERCISE ROUTINES THAT CAN
BE USED TO TROUBLESHOOT AND BURN IN K-1013 DISK CONTRCL BOARDS.
THE ROUTINES ARE ORGAINZED INTO THREE "LEVELS".

LEVEL | TESTS THE BASIC 1/0 FUNCTION OF THE UPD765 CHIP AND THE
SEER MECHANISM OF THE DISK DRIVE.

LEVEL 2 TESTS THE BASIC WRITE AND READ CAPABILITY OF THE DISK
DRIVE BY DOTNG A FORMAT (TN APEX-65 FORMAT) AND SECTOR BY SECTOR
READ WITH CRC CHECK.

LEVEL 3 THROROUGHLY TESTS THE READ AND WRITE CAPABTLITY OF THE
DISK DRIVE BY WRITING RANDOM NUMBERS OF THE ENTIRE DISK AND THEN
READING THEM BACK FOR SOFTWARE VERIFICATION.

TO USE LEVEL X, ALL OF THE CODE FROM LEVEL 1 TO LEVEL X-1 MUST
ALSO BE ENTERED.

THE SPECIFIC TEST ROUTTINES PROVIDED ARE AS FOLLOWS:

LEVEL 1 RECALIBRATE FOLLOWED BY 256 RANDOM SEEKS
LEVEL 2 FORMAT THE DISK IN APEX-65 FORMAT

READ SECTORS SEQUENTIALLY CHECKING FOR CRC ERRORS
LEVEL 3 READ/WRITE TEST USING RANDOM NUMBERS

IN ADDITION THIS PROGRAM GONTAINS GENERALLY USEFUL SUBROUTINES
FOR OPERATING THE K-1013 DISK CONTROLLER. THESE ARE AS FOLLOWS:

CMDPH SEND STRING OF COMMAND BYTES TO THE UPD765
RSLPH RECEIVE STRING OF STATUS BYTES FROM THE UED765
DMASET  SET DMA ADDRESS REGISTER FROM PAGE ADDRESS IN A
SPECFY SEND SPECIFY COMMAND

RECAL SEND RECALIBRATE COMMAND

SEEK SEEK TO SPECIFIC TRACK
READ READ SPECIFIC SECTOR ON CURRENT TRACK
WRITE WRITE SPECIFIC SECTCR ON CURRENT TRACK
RAND GENERATE RANDOM NUMBER
EQUATES **
X'4000 ADDRESS OF START OF USER RAM ON FDC

X'8000
SYSRAM+X' 1 FEE

?
; ADDRESS OF START OF SYST RAM ON FDC
; DISK CONTROLLER MAIN STATUS REGISTER
SYSRAM+X'1FEF ; DISK CONTROLLER DATA REGISTER
SYSRAM+X'1FE8 ; DISK CONTROLLER INTERRUPT REQUEST FLAG
SYSRAM+X'1FE8 ; DISK CONTROLLER HARDWARE CONTROL WRITE
SYSRAM+X'1FEA ; DISK CONTROLLER DMA ADDRESS REGISTER

¥

¥

J

i)

3

P now o owNR RN EN

SYSRAM ADDRESS OF BUFFER AREA FOR ROUTINES
BUFFER BUFFER FOR SEQUENTIAL READ EXERCIZE
BUFFER BUFFER FOR DISK FORMAT

= BUFFER BUFFER FOR RANDOM READ/WRITE TEST

= 8 NUMBER OF SECTORS TO STAGGER PER TRACK

PACE ZERO STORAGE, NEED WOT BE INITIALIZED FROM TAPE

5= 0 3 START AT LOCATION 0
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57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
8g
90
91
92
93
94
95
96
97
98
99
100
11
102
163
164
105
106
107
108
109
110
111

Gooo
000l

0009
0004
000B
000cC
000D
000E
000F

0011

4000
4001
4002

4003

4004
4005

4006
4007
4008

4009
4004

400B
400C
400D
400E
L00F
4010
4011
4012
4013

4014
4015
40186
4017
4018
4019

401A

03
6F
24

07
00

OF
00
00

04
00

46
00
00
00
00
ol
00
OE
FF

00
01
1A
36
EA

45

ERRORG: .=.+ 1 ; ERROR CODE
DSKSTS: .=.+ &8 ; ROOM FOR 8 STATUS BYTES FROM FDC

3k LELEE DT Fkw

; #%kXIXAUSER MUST SET DRIVE AND SIDE BEFORE RUNNING ANY TESTwkiskidiak

i
DRIVE:

¥ Fekeddok dedode FRdk kbR k% Lrad

St 1 $*MUST SET*; CURRENT DRIVE
SIDE: = 1 3*MUST SET*; CURRENT SIDE (SET TO 0 FOR 1 SIDED DRIVE)
TRACK: =+ i 3 CURRENT TRACKE NUMBER
SECTOR: .=.+ i ; CURRENT SECTOR NUMBER
SEERCT: .=.+ 1 3 COUNT OF SUCCESSFUL RANDOM SEEKS
STAGGR: .=.+ 1 i STAGGER COUNTER DURING FORMAT
RARDNO: .=.+ 2 ; RANDOM NUMBER REGISTER

H LIST OF DISK COMMANDS, STARTS IN PROGRAM AREA BUT MUST BE IN
H RAM B0 THAT CERTAIN BYTES OF THE COMMANDS CAN BE CHANGED

.= X'4000 ; START IN USER RAM ON K-1013
340744771717} /BEGINNING OF LEVEL 1 DISK TEST CODE///////1111111F11EEETT
DSKCMD:
SPECCM: .BYTE X'D3

.BYTE X'BF {
.BYTE X'24

START OF PREFORMATTED DISK COMMANDS
SPECIFY COMMAND

SEEK SPEED=10MS HEAD UNLDAD TIME=240MS
HEAD LOAD TIME=40MS DMA MODE

SNSICM: .BYTIE X'08 SENSE INTERRUPT STATUS COMMAND

RECLCM: .BYTE X'07
.BYIE X'00

RECALIBRATE COMMAND
DRIVE NUMBER IN BITS 0-1

SEEKCM: .BYTE X'OF
BYTE X'00
BYTE X'00

SEEK COMMAND
DRIVE NUMBER IN BITS 0-1, SIDE NUMBER B2
NEW CYLINDER NUMBER

SSTSCM: .BYTE X'04
.BYTE X'00

SENSE DISK STATUS COMMAND
DRIVE WUMBER IN BITS 0-1, SIDE NUMBER B2

READCM: .BYTE X'46 READ DATA, MFM, READ DEL DATA

H
LBYTE X'00 ; EEAD ZERO, DRIVE NUMBER IN BITS 0-1
.BYTE X'00 ; NEEDS PRESENT CYLINDER NUMBER
.BYTE X'00 ; NEEDS HEAD NUMBER
.BYTE X'C0 5 NEEDS SECTOR NUMBER TO READ
.BYTE X'0l ; CODE FOR 256 BYTES PER SECTOR
.BYTE X'00 ; LAST SECTOR TO READ
.BYTE X'OE ; CAP LENGTH FOR 26 SECTORS, 256 BYTES/SECT
BYTE X'FF ; DATA LENGTH = X'FF SINCE N IS NON-ZERO

FORMCM: .BYTE X'4D FORMAT A DOUBLE DENSITY TRACK COMMAND

;
LBYTE X'00 ; HEAD ZERO, DRIVE NUMEER IN BITS ¢ AND 1
.BYTE X'01l ; SPECIFY 256 BYTES/SECTOR
.BYTE X'la ; SPECIFY 26 SECTORS/TRACK
.BYTE X'36 ; GAP LENGTH FOR 26 SECTORS, 256 BYTES/SECT
JBYTE X'EA ; DATA FIELD FILLER BYTE

WRITCM: .BYTE X'45 WRITE DATA, MFM



DSKDG K-1013 DISK DIAGNOSTI
DOCUMENTATION, EQUATES, AND STORAGE

112
1S
114
115
116
117
118
119
120
121
122
123
124
125

4G1B
401c
401D
401F
401F
4020
4021
4022

4023

000000

+BYTE
.BYTE
.BYTE
.BYTE
-BYTE
+BYTE
BYTE
.BYTE

-

MONENT: .BYTE 0,0,0

X'00
X'00
x'00
X'00
Xx'0l
X'00
X'0E
X'FF

MONITOR RETURN POLINT
CHANGED TO AN RTS OR JHP IF DESIRED

47

HEAD ZERO, DRIVE NUMBER IN BITS 0-1

NEEDS PRESENT CYLINDER NUMBER

NEEDS HEAD NUMBER

NEEDS SECIOR NUMBER TO WRITE

CODE FOR 256 BYTES PER SECTOR

LAST SECTOR TO WRITE

GAP LENGTE FOR 26 SECTORS, 256 BYTES/SECT
DATA LENGTH = X'FF SINCE N I§ NON-ZERO

NORMALLY A BRK INSTRUCTION BUT CAN BE



DSKDG K-1013 DISKE DIAGNOSTI
LEVEL 1 TEST ROUTINES

126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
52
153
154
155
156
L57
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
125
176
177
178
179

4026
4027
4029
402B
402E
4030
4032
4035
4037
4039
403B
403E
4040
4042
4044
4047
4048
4044
404D
404F
4051
4053
4054
4056
4057
4059
405B
405D
405F
4061
4064
4066
4068
406B
406D
406F
4072
4074
4077
4079
4078
407D

407F
4081
4083
4085
4087

D8 SEEKE :
A900

8500

20C440

BO55

A509

20DC40

BO4C

A900

850D

204041 SEEKEQ ¢
94D SEEKEIL :
9005

ES4D

4C3E40

AA SEEKE2 :
AS09

200841

BO32

AQl&

A2G8 SEEKE3 :
CA SEEKE4 :
DOFD

88

DOT8

E60D

DODE

A200

A50Q9

200B41

BO19

A509

8D0ALD

A209

A002

208440

A200

204840

A501

2904

FOO2

D008

E600 ERROR4
E600 ERROR3 :
E600 ERROR2Z :
E600 ERRORI z
4C2340 ERRORO 2

-PAGE
FLOPPY

CLD
LDA
STA
JSR
BCS
LDA
JSR
BCS
LDA
STA
JSR
CMP
BCC
SBC
JMP
TAX
LDA
JSR
BCS
LDY
LDX
DEX
BHE
DEY
BNE
INC
BRE
LDX
LDA
JSR
BCs
LDA
STA
LDX
LDY
JSR
LDX
JSR
LDA
AND
BEQ
BNE

INC
ING
INC
INC
JMp

'LEVEL 1 TEST ROUTINES'

DISK SEEK EXERCISE PROGRAM

#0
ERRORC
SPECFY
ERROR1
DRIVE
RECAL
ERROR2
#0
SEEKCT
RAND
#77
SEERE2
#77
SEEREL

TRIVE
SEEK
ERROR3
#20
#1000/5

SEEKE4

SEEKE3
SEEKCT
SEEKEQ
#0

DRIVE
SEEK
ERRORG
DRIVE
SETSCM+1
#55TSCM-DSKCMD
#2

CMDPH
#0
RSLPH
DSKSTS
#10
ERROR4
ERRORQ

s wr e s e e e

. e e s

ERRORC
ERRORC
ERRCRC
ERRCRC
MONENT

s

SEND COMMAND TO FLOPPY

48

INSURE BINARY ARTTHMETIC
CLEAR ERRCR CODE

INITIALIZE THE DISK CONTROLLER
JUMP OUT IF ERROR
RECALTBRATE SELECTED DRIVE

JOMP OUT IF ERROR
INITIALIZE 256 SEEK COUNT

GET A RANDOM TRACK NUMBER

MAEKE SURE IT IS LESS THAN 77

JUMP QUT IF LESS THAN 77

SUBTRACT 77 IF NOT LESS

AND CHECK AGAIN

SET AS ARGUMENT TO SEEK ROUTINE

SET DRIVE TO SEEK

SEEK TO THE RANDOM TRACK

JUMP OUT IF UNSUCCESSFUL SEEK

WAIT 20 MILLISECONDS FOR HEAD SETTLE

INCREMENT SUCCESSFUL SEEK COUNT

GO DO ANOTHER SEEK IF 256 NOT DONE

DO A FINAL SEEK TO TRACK ©

SET DRIVE NUMBER TO SEEK

SEEK TO TRACK 0

JUMP OUT IF TRACK O SENSE EARLY

DO A SENSE DRIVE STATUS TO DETERMINE IF
REALLY ON TRACK 0

READ STATUS INTO DSKSTS

GET STATUS REG 3 CONTENTS
TEST TRACK @ SENSE

ERROR IF DID NOT REACH TRACK O
JUMP IF NO ERROR

04 FINAL SEEK TO TRACK 0 ERROR CODE
03 INTERMEDIATE SEEK ERROR CODE

02 RECALIBRATE ERROR CODE

01 SPECIFY ERROR CODE

00 NO ERROR, GO TO THE MONITOR

DISK CONTROLLER



DEKDG  K-1013 DISK DIAGNOSTI
LEVEL 1 TEST ROUTINES

180 ; ENTER WITH RELATIVE ADDRESS OF COMMAND BYTES IN X (RELATIVE TO
181 ; DSKCMD) AND NUMBER OF BYTES IN COMMAND IN Y.

182 } ROUTINE SENDS THE BYTES TO THE FLOPPY DISK CONTROLLER AND

183 $ RETURNS WITH THE CARRY FLAG OFF.

184 } IF AN ERROR IS DETECTED, THE CARRY FLAG IS ON.

185 3 IF THE CONTROLLER IS BUSY, THE ERROR RETURN TS TAKEN

186

187 4084 ADEEYF CMDPH: LDA FDCMSR ; LOOK AT MAIN STATUS REGISTER

188 408D 2910 AND #X'10 s LOOK AT ALL OF THE BUSY BITS

189 408F DOLS BNE CMDPHE s ERROR TF EXECUTING PREVIOUS

llgtl) s COMMAND (EXCEPT SEEK)

192 4091 ADREQF CMDPHL: LDA FDCMSR ; LOOK AT MAIN STATUS REGISTER

193 4094 10FB BPL CMDPHI1 ; WAIT UNTIL REQUEST FOR MASTER GOES TRUE
194 4096 2940 AND #X'40 ; TEST DATA DIRECTION BIT

195 4098 DOOC BNE CMDPHE 3 ERROR IF FDC WANTS TO TALK

196 4094 BDOOLO LDA DSKCMD, X 3 GET A COMMAND BYTE

197 409D BDEFYF STA FDCDR s STORE IT IN THE DISK CONTROLLER

198 40AD E8 INX ; POINT X TO NEXT COMMAND BYTE

199 40A1 88 DEY ; DECREMENT COMMAND BYTE COUNT

200 40A2 DOED BNE CMDPH] 5 0O TRANSFER NEXT BYTE IF NOT DONE

201 40A%4 18 CLC ; CLEAR CARRY FOR NORMAL RETURN

202 4DAS 60 RTS

203

204 4046 38 CHMDPHE: SEC ; SET CARRY FOR ERROR RETURN

205 4DAT 60 RTS

206

207

208 § RECEIVE STATUS FROM FLOPPY DISK CONTROLLER

209 3 STATUS BYTES ARE STORED SEQUENTIALLY IN MEMORY STARTING AT

210 i DSKSTS+(X), THE NUMBER READ IS DETERMINED BY THE FDC BUSY STATUS
211 i ROUTINE READS THE STATUS BYTES IN THE RESULT PHASE AND RETURNS
212 H WITH THE CARRY FLAG OFF.

313 ; IF AN ERROR L[S DETECTED, THE CARRY FLAG TS ON

214

215 40A8 ADEESF RSLPH: LDA FDCMSRE 3 LOOK AT MAIN STATUS RECISTER

216 40AB 10FB BPL RSLPH 5 WAIT UNTIL REQUEST FOR MASTER GOES TRUE
217 40AD 2940 AND #R'40 ; TEST DATA DIRECTION BIT

218 4OAF FOll BEQ RSLPHE ; ERROR IF FDC WANTS TO LISTEN

219 40R] ADEF9F LDA FDCDR : GET A STATUS BYTE FROM THE DATA REGISTER
220 40B4 9501 STA DSKSTS, X 5 PUT IT INTO MEMORY

221 40B6 E8 INX ; POINT X TO NEXT STATUS BYTE

222 4OBT EA NOP 4 DAMN SLOW CONTROLLER CHIP! 12U8 RESPONSE
223 40B8 FA NOP ; TIME FROM READ TO VALID BUSY STATUS

224 40B9 A910 LDA #X'10 1 LOOK AT BUSY BIT IN MAIN STATUS REGISTER
225 40BB 2DEESF AND FDCMSR

226 4OBE DOEB BNE RSLPH : G0 FOR ANOTHER STATUS BYTE IF STILL BUSY
227 40CO 18 CLC { CLEAR CARRY FOR NORMAL RETURN

228 40C1 60 RTS

229

230 40C2 38 RSLPHE: SEC 3 SET CARRY FOR ERROR RETURN

231 40G3 60 RTS

232

213 -

234 : FLOPPY DISK RESET AND SPECTIFY. THIS ROUTINE FIRST RESETS THE

49



DSKDG K-1013 DISK DIAGNOSTI
LEVEL 1 TEST ROUTINES

235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289

40C4
40C7
40C9
40CB
40CD
40D0
40D2

40D5
40D7
40D9

40DC
40DE
40EL
40E3
40E5
4OEB

4OEA

40ED

40EF
40F1
40F3

40F6
40F8

4OFB
40FD
40FF
4101

ADEBYF
BOOC
4203
4001
208440
A200
204840

A200
A003
4CBALO

2903
8D0540
A204
A002
208440
BOIF

ADEB9F

30FB

A203
AQCL
208440

A200
20AB40

4502
D00A
A301
29F8

e e e

SPECFY:

SPECF1:

RECAL:

RECALI =

FLOPPY DISK CONTROLLER AND THEN ESTABLISHES THE SEEK RATE, HEAD
LOAD TIME, HEAD UNLOAD TIME, AND DMA OPTION BY USING A SPECIFY
COMMAND. SPECIFY DATA MUST BE PREFORMATTED IN MEMORY AT SPRCDA.
NORMAL RETURN WITH CARRY OFF, ERROR RETURN WITH CABRY ON NO
STATUS IS GENERATED SO THE STATUS BYTES IN DSKSTS ARE DNCHANGED.

LDA FDCIRQ 3 TEST IF AN INTERRUPT IS PENDING

BCS SPECF1 3 JUMP AHEAD IF NOT

LDX ::SNS ICM-DSRCMD; EXECUTE SENSE INTERRUPT STATUS COMMAND
LDY 1

JSR CMDFH

LDX #0 3 READ STATUS BYTES INTO DSKSTS

JSR RSLPH

LDX #SPECCM-DSKCMD; SET ADDRESS OF SPECIFY COMMAND
LDY #3 THREE BYTES IN SPECIFY COMMAND
JMP CMDPH EXECUTE THE SPECIFY COMMAND
AND RETURN

FLOPPY DISK RECALIBRATE

THIS ROUTINE SEEKS THE DRIVE NUMBER LOADED INTO A TO TRACK ZERO
RECARDLESS OF WHERE IT CURRENTLY IS.

THE STATUS BYTES AT DSKSTS ARE MODIFIED AS A RESULT OF THE
RECALIBRATE OPERATTION.

IN ADDITION THEY ARE CHECKED AND THE CARRY SET IF FOR ANY REASON
THE OPERATION WAS NOT SUCCESSFULLY PERFORMED.

RECALIBRATION IS PERFCORMED BY ISSUEING A RECALIBRATE COMMAND,
WAITING FOR INTERRUPT REQUEST TO GO TRUE, AND PERFORMING A
SENSE INTERRUPT STATUS COMMAND.

AND #X'03

STA RECLCM+1

LDX #RECLCM-DSRCHMD
LDY #2

JSR CMDPH

BCS RECALE

FORMAT DRIVE NUMBER INTO SECOND BYTE OF
RECALIBRATE COMMAND

EXECUTE THE RECALIBRATE COMMANRD

2 BYTES IN RECALIBRATE COMMAND

JUMP QUT IF ERRCR

LDA FDCIRQ READ DISK CONTROLLER INTERRUPT REQUEST
(FDC IRQ JUMPER REMOVED OR INTERRUPTS
DISABLED

WAIT UNTTL THE FDC REQUESTS AN INTERRUPT

BML RECALI1

LDX #SNSICM-DSKCMD; EXECUTE SENSE INTERRUPT STATUS COMMAND
LDY #1 ;3 ONE BYTE IN SENSE INTERRUPT STATUS
JSR CMDPH
LDX #0 SET UP TO READ STATUS INTO DSKSTS
JSR RSLPH

-

LOOK AT PRESENT CYLINDER NUMBER
ERROR IF NON-ZERO

LOOK AT STO STATUS REGISTER
DELETE DON'T CARE BITS

LDA DSKSTS+1
BNE RECALE
LDA DSKSTS
AND #X'F8

. b

50
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LEVEL 1 TEST ROUTINES

290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344

4103
4105
4107
4108

4109
410A

410B
410D
4110
4113
4114
4115
4117
4119
411C

411E

€920
Doo2
18
60

18
&0

2903
8D0740
8E0840
8A

48
A206
A003
208440
BO20

ADE89F

30FB

A203
ADO1
208440

A200
20AB40

68
€502
DOOA
A501
2978
920
D002
18
60

38
60

RECALE:

SEEK:

SEEK1:

SEEKER:

CMP #X'20
BNE RECALE
CLC

RTS

SEC :
RTS

FLCOPPY DISK SEEK

REMAINING BITS MUST BE X'20
GO0 TO ERROR RETURN
CLEAR CARRY FOR NCRMAL RETURN

SET CARRY FOR ERROR RETURN

THLS ROUTTNE SEEKS THE DRIVE NUMBER LOADED INTO A TO THE TRACK

NUMBER LOADED INTO X.

THE STATUS BYTES AT DSKSTS ARE MODIFIED AS A RESULT OF THE

SEEK OPERATION.

1IN ADDITION THEY ARE CHECKED AND THE CARRY SET IF FGR ANY REASON
THE OPERATION WAS NOT SUCCESSFULLY PERFORMED.

SEEK 1S PERFORMED BY ISSUEING A SEEK COMMAND,
WAITING FOR INTERRUPT REQUEST TO GO TRUE, AND PERFORMING A

SENSE INTERRUPT STATUS

AND #X'03

STA SEEKCM+1

8TX SEEKCM+2

TXA

PHA

LDX #SEEKCM-DSKCMD
LDY #3

JSR CMDPH

BCS SEEKER ;

LDA FDCIRQ

BMI SEEKL

LDX #SNSICHM-DSKCMD

LDY #1
JER CMDFH
LDX #0 H

JSR RSLPH

PLA

CHF DSRSTS+1
BNE SEEKER
LDA DSKSTS
AND #X'F8
CMP #x'z20
BNE SEEKER
CLC

RTS

e we nu e e we we e

SEC
RTS

51

COMMAND .

FORMAT DRIVE NUMBER INTO SECOND BYTE OF
SEEK COMMAND AKD SELECT HEAD 0

STORE NEW CYLINDER NUMBER INTO THIRD BYTE
SAVE NEW CYLINDER NUMBER ON THE STACK

EXECUTE THE SEEK COMMAND
2 BYTES IN SEEK COMMAND

JUMP OUT IF ERROR

READ DISK CONTROLLER INTERRUPT REQUEST
(FDC IRQ JUMPER REMOVED OR INTERRUPTS
DISABLED

WAIT UNTIL THE FDC REQUESTS AN INTERRUPT

EXECUTE SENSE INTERRUPT STATUS COMMAND
ONE BYTE IN SENSE INTERRUPT STATUS

SET UP TO READ STATUS INTO DSKSTS

COMPARE PRESENT CYLINDER NUMBER WITH
DESTRED CYLINDER NUMBER

ERROR IF NOT THE SAME

LOOK AT STO STATUS REGISTER

DETLETE DON'T CARE BITS

REMATNING BITS MUST BE X'20

GO TO ERROR RETURN

CLEAR CARRY FOR NORMAL RETURN

SET CARRY FOR ERROR RETURN



DSKDG K-1013 DISK DIAGNOSTI
LEVEL 1 TEST ROUTINES

345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
36l
362
363
364
365
366
367
368
369
370
371
372
373
374
375

4140
4142
4144
4145
4147
4148
4149
4148
414C
414E
414F
4150
4151
4152
4154
4156
4157
4159
4158

AGO8
ASOF
4A
450F
4A
4a
450F
4A
4510
4A
4A
4A
44
2610
260F

DOE9
AS0F
60

RAND: LDY

RANDI : LDA
LSRA
EOR
LSRA
LSRA
EOR
LSRA
EOR
LSRA
LSRA
LSRA
LSRA
ROL
ROL
DEY
BNE
LDA
RTS

#8
RANDNO

RANDNO

RANDNO

RANDNO+1

RANDNO+ 1
RANDNO

RAND1
RANDNO

e wr

s ee

P e

s///11114011 711 /END OF LEVEL 1

52

RANDOM NUMBER GENERATOR SUBROUTINE

ENTER WITH SEED IN RANDNO

EXIT WITH NEW RANDOM NUMBER IN RANDNO AND A
USES 16 BIT FEEDBACK SHIFT REGISTER METHOD
DESTROYS REGISTER 4 AND Y

SET COUNTER FOR 8 RANDOM BITS
EXCLUSIVE-OR BITS 3, 12, 14, AND 15
OF SEED

RESULT IS IN BIT 3 OF A
SHIFT INTO CARRY

SHIFT RANDNO LEFT ONE BRINGING IN CARRY

TEST IF 8 NEW RANDOM BITS COMPUTED
LOOP FOR MORE IF NOT

RETURN

TEST ROUTINES/////11111001100FAEEIIE0ITT



DSKDG K-1013 DISK DIAGNOSTI
LEVEL 2 DISK TEST ROUTLINES

+PAGE 'LEVEL 2 DISK TEST ROUTINES'

376

i;; $//471111/]//BEGINNING OF LEYEL 2 DISK TEST ROUTINES////////}/1/141111]]
379 3 FORMAT A DISK FOR DOUBLE DENSITY, 26 SECTORS OF 256 BYTES,
380 3 SECTORS ARE ALTERNATELY NUMBERED AND ARE STAGGERED BY 8 SECTORS
381 3 FROM TRACK-TO-TRACK,

382

383 415C D8 FORMAT: CLD ; INSURE BINARY ARITHMETIC

384 415D A910 LDA #x"10 3 INITIALIZE TO NO ERROR

385 415F 8500 STA ERRORC

386 4161 20cA40 JSKR SPECFY 3 INITIALIZE THE DISK CONTROLLER

387 4164 9003 BCC FORMY

388 4166 400542 JHP FRMERL ; JUMP OUT IF ERROR

389 4169 A509 FORMY: LDA DRIVE ; RECALIBRATE DESIRED DRIVE

390 4168 20DC40 JSR RECAL

391 416E 9003 BCC FORMZ

392 4170 4C0342 JMP FRMER2 ; JUMP OUT TF ERROR

393 4173 A900 FORMZ:  LDA #0 ; SET DMA READ MODE, UNPROTECT SYSRAM
394 4175 8DESIF STA FDCHWC

395 4178 A900 LDA #0 3 INITIALIZE TRACK NUMBER

396 417A 850B STA TRACK

397 417C 850E STA STAGGR 3 INTTIALIZE SECTOR STAGGER COUNT

398

399 § CREATE FORMATTING DATA AREA FOR THE KEXT TRACE

400

401 417E AGOE FORMl: LDX STAGGR ; INITIALIZE SECTOR NUMBER POINTER
402 4180 A0OO LDY #0 ; INITIALIZE POINTER INTO FORMAT DATA AREA
403 4182 AS0B FORM2:  LDA TRACK 5 PUT TRAGK #,

404 4184 990080 STA FORMDA, Y

405 4187 ASDA LDA STIDE ; SIDE #,

406 4189 C8 INY

407 41BA 990080 STA FORMDA,Y

408 418D €8 INY

409 418E BD1442 LDA ALTTAB X 5 LOOK UP SECTOR NUMBER IN ALTERNATE TABLE
410 4191 990080 STA FORMDA , Y

411 4194 ADIELO LDA FORMCM+2 ; NUMBER OF BYTES PER SECTOR

412 4197 C8 INY

413 4198 990080 STA FORMDA , Y ; INTO FORMAT DATA AREA IN MEMORY

414 4198 €8 INY

415 419C F8 INX ; INCREMENT SECTOR NUMBER POINTER

416 419D 8A TXA ; MOD 26

417 419E 200A42 JSR MOD26

418 41A1 AA TAX

419 4142 €068 CPY $26%4 ; TEST IF 26 SECTORS GONE THROUCH

420 41A4 DODC BNE FORM2 ; CONTINUE GENERATING DATA IF NOT

4321

422 ; SET UP THE FORMAT COMMAND

423

424 4146 ASRQ LDA #FORMDA/256 3 SET DMA ADDRESS FOR FORMATTING DATA
435 41AB 208142 JSR DMASET ; CALCULATE CORRESPONDING DMA ADDRESS
426 ; AND PUT INTO DMA ADDRESS RECISTER
427 41AB AS0A LDA SIDE + SET UP SECOND EYTE OF FORMAT COMMAND
428 41AD 0A ASLA : ACCORDING TO DRIVE NUMBER AND SIDE
429 L1AE OA ASTA

53
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430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
4564
455
456
457
458
459
460
461

462
463
46t
465

466
467
468
469
470
471

472
473
474
475

476
4717
478
479
480
481

482
483
484

41AF
41B1
41B4
41B6
41B8
41BR
41BD
41c0
41C2
41c4
41c7
41C9
41CB
41CD
41CF
41D1
41D3
41D5
41D7
4109

41DB
41DD
41DE
41E0
41E2
41E3
41E5
41EB
41EA
41EC
41EE
41F)
41F2
41F3
41F5
41F8
41FA

41FD
41FF
4201
4203
4205
4207

4704
420C
420E
4210
4213

4214
4218
421¢

0508
801540
A214
ADD6
208440
BOL4
ADES9F
30FB
A200
204840
BO36
A501
2908
D030
A502
2935
DO2A
AS03
2933
D024

AQ00
88
DOFD
ASQE
18
6912
200442
850E
E60B
A50B
Co4D
FOL5
AA
AS09
200B41
BOO3
4CTELL

E600
E600
E600
E6C0
E600
4C2340

Cc91A
9005
E91A
4C0AL2
60

0GODO10E
020F0310
041160512

FORM3:

FORM4 :

FRMERS :
FRMER4 ¢
FRMER3 :
FRMER? ¢
FRMERI :
FRMERO

MODZ6:

MOD26A:

ALTTAB:

K-1013 DISK DIAGNOSTI
LEVEL 2 DISK TEST ROUTINES

STA
LDX
LDY
JSR
BCS
LDA
BMI
LDX
JSR
BCS
LDA

BNE
LDA

BHNE
LDA
AND
BNE

LDY
DEY
BNE
LDA
CLC
ADC
JSR
STA
INC
LDA
CMP
BEQ
TAX
LDA
J8R
BCS
JMP

INC
INC
INC
INC
INC
JMP

CMP
BCC
SBC
JMP
RTS

.BYTE
BYTE
.BYTE

DRIVE
FORMCM+1
#FORMCHM-DSKCHMD
#6

CMDPE
FRMER3
FDCIRQ
FORM3

#0
RSLPH
FRMER4
DSESTS
#%'D8
FRMERA
DSKSTS+1
#X'35
FRMERA
DSKSTS+2
#3133
FRMER4

. e e

\me ap ses e nee see e ses e e

#0

FORM&
STAGGR

#26-NSTAC
MOD26
STAGGR
TRACK
TRACK

#77
FRMERQ

-

DRIVE
SEEK
FRMERS
FORM1

e ey

ERRORC
ERRORC
ERRORC
ERRORC
ERRORC
MONENT

#26
MOD26A
#26
MOD26

0,13,1,14
2,15,3,16
4,17,5,18

54

6 BYTES IN FORMAT COMMAND

SEND THE COMMAND TO THE DISK CONTROLLER
COMMAND PHASE ERROR EXIT

WAIT UNTIL INTERRUPT REQUEST FROM FDC

SET UP TO READ STATUS INTO STATUS AREA

JUMP OUT ON GROSS ERROR
CHECK STATUS REGILSTER 0O
MASK OUT NON-ERROR BITS
GO TO ERROR IF ANY OF REMAINDER SET
CHECK STATUS REGISTER 1
MASK OUT WON-ERROR BITS
GO TO ERROR IF ANY OF REMAINDER SET
CHECK STATUS REGISTER 2
MASK OUT NON-ERROR BITS
GO TO ERROR IF ANY OF REMAINDER SET

WAIT AWHILE BEFORE SEEKING TO PREVENT
OVERLAP WITH ERASE CURRENL CON DISK DRIVE

ADD IN STAGGER FACTOR FOR NEXT TRACK

SUM MOD 26
INCREMENT TRACK NUMBER

TEST IF ALL TRACKS FORMATTED
GO TO MONITOR IF SO, FINISHED
SEEK TO THE NEW TRACK

ON SPECIFIED DRIVE

JUMP OUT ON SEEK ERROR
GO FORMAT THE NEXT TRACK

15 SET SEEK ERROR CODE

14 SET FORMAT RESULT PHASE ERROR CODE
13 SET FORMAT COMMAND PHASE ERROR CODE
12 SET RECALIBRATE ERROR CODE

11 SET SPECIFY ERRCR CODE

10 NO EBRRCR, RETURN TO MONITOR

RETURN A MOD 26
SKIP IF OK

IF NOT, SUBTRACT 26
AND TRY ACAIN
RETURN

TABLE OF INTERLEAVED SECTOR NUMBERS
INTERLEAVE FACTOR = 2



DSKDG K-1013 DISK DIAGNOSTT
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485 4220 06130714 .BYTE 6,19,7,20

486 4224 08150016 .BYTE 8,21,9,22

487 4228 0A170B18 JBYTE 10,23,11,24

488 £22C 0C19 BYTE 12,25

489

490

491 i SEQUENTTAL READ EXERCIZER

492 3 READS DISK 0 ONE SECTOR AT A TIME FROM TRACK 0 SECTOR 0 TO
493 H TRACK 76 SECTOR 25 AND THEN REPEATS.

494

495 422E D8 READEX: CLD 3 INSURE BINARY ARITHMETIC
496 422F A92Q LDA #x'20 5 INITIALIZE ERROR CODE

497 4231 8500 STA ERRORC

498 4233 20C440 JSR SPECFY 3 INITTALIZE DISK CONTROLLER
499 4236 BO44 BCS RERR1 3 JUMP QUT IF ERRCR

500 4238 A509 REX1: LDA DRIVE ; RECALTBRATE DESTGNATED DRIVE
501 423A 20DC40 JSR RECAL

502 423D BO3B BCS RERR2 { JUMP QUT IF ERRCR

503 423F A900 LDA #0 3 SET TRACK TO ZERG

504 4241 850B STA TRACK

505 4243 A900 REX2: LDA #0 ; SET SECTOR TO ZERO

506 4245 850C STA SECTOR

507 4247 A50B REX3: LD& TRACK 3 ESTABLISH TRACK,

508 4249 8D0B4D STA SEEKCM+2

509 424C A60C LDX SECTCR ; SECIOR,

510 424E A080 LDY {#READBF/256 ; MEMORY ADDRESS,

511 4250 A50A LDA SIDE ; AND SIDE/DRIVE NUMBER

512 4252 0A ASLA

513 4253 0A ASLA

514 4254 0509 ORA DRIVE

515 4256 20B342 JSR READ ; READ THE SECTOR INTO MEMORY
516 4259 BOID BCS RERR3 s JUMP OUT IF READ ERROR

517 4238 E6OC NG SECTOR s INCREMENT SECTOR NUMBER

518 425D A50C LDA SECTOR

519 425F €914 CMP #26 3 TEST IF ALL SECTORS READ
520 4261 DOE4 BHNE REX3 § GO READ NEXT SECTCR IF NOT
521 4263 E60B INC TRACK ; INCREMENT TRACK NUMBER

522 4265 A50B LDA TRACK

523 4267 C94D CMP #77 ; TEST IF ALL TRACKS READ

524 4269 FOCD BEQ REX1 4 GO READ DISK AGAIN IF S0
525 426B AA TAX 5 SEEK TO THE NEW TRACK

526 426C A509 LDA DRIVE ; ON DESIGNATED DRIVE

527 426E 200B41 JSR SEEK

528 4271 BOO3 BCS RERR4 ; JUMP OUT ON SEEK ERROR

529 4273 4CA342 JMP REX2 3 GO READ SECTOR O ON NEW TRACK
530

531

532 4276 E600 RERRY: INC ERRORC ; 24 SET SEEK ERROR CODE

533 4278 E600 RERR3: INC ERRORC ; 23 SET READ ERROR CODE

534 427A E600 RERRZ: INC ERRORC ; 22 SET RECALIBRATE ERROR CODE
535 427G E600 RERRl: INC ERRORC ; 21 SET SPECIFY ERROR CODE
536 427E 4C2340 RERRO: JMP MONENT ; 20 NO ERROR, RETURN TOTHE MONITOR
537

538

539 i SUBROUTINE TO ACCEPT THE PACE ADDRESS OF A MEMORY BUFFER AKD

35



DSKDG K-1013 DISK DIAGNOSTI

LEVEL Z DISK TEST ROUTINES

540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
58L
585
586
587
588
S8y
590
591
592
593
594

4281
4283
4285
4287
4289
4284
428¢C
428D
428F
4291
4293
4295
4297
4299
429B
428¢
429E
429F
4241
4243
42 84
4246
4249
42A4
42AB
424AC
42 AF
4280
42B1
4282

C840
900E
960
BOOA
38

ES40
48

A900
3012
lolé
C980
9014
C99F
BO16
38

E960
48

A900
1006

4910
4CAAAZ
68

0A

0A
8DEASF
18

60

38

60

DMASET:

DMASTI :

DMASTZ :

DMAST3 :
DMASTA @

DMASTE =

W e e s we e WE wE 98w me

SET THE DMA ADDRESS REGISTER WITH THE APPROPRIATE VALUE. THE
BUFFER ADDRESS MUST BE IN THE DISK CONTROLLER RAM.

RETURN WITH CARRY CLEAR IF ADDRESS IS OK, SET IF ADDRESS IS
INVALID.
FOR THIS ROUTINE TO WORK, THE ORIGIN COF THE USER RAM MUST BE
EQUATED TO USERAM AND THE ORIGIN OF THE SYSTEM RAM MUST BE
EQUATED TO SYSRAM.
ENTER WITH BUFFER PAGE ADDRESS IN A, EXIT WITH DMA ADDRESS IN A
AND THE DMA ADDRESS REGISTER.

CMP
BCC
CMP
BCS
SEC
SBC
PHA
LDA
BMI
BPL
cMp
BCC
CHMP
BCS
SEC
SBEC
PHA
LDA
BPL
PLA
EOR
JMP
PLA
ASLA
ASLA
STA
CLC
RTS
SEC
RTS

FUSRRAM/256 3
DMASTI
#USRRAM/256+32 3
DMASTL

H#USRRAM/ 256

#USRRAM/ 32
DMAST2

DMAST3
#SYSRAM/256
DMASTE
#8YSRAM/256+3
DMASTE

e ua b ar wr E ey e e wr e sen

#SYSRAM/256-32

#9YBRAM/32
DMAST3

e e b W

#x'10
DMAST4

FDCDMA ;

COMPARE WITH BEGINNING OF USER RAM

;3 JUMP IF LESS THAN USER RAM

COMPARE WITH END OF USER RAM

JUMP IF NOT IN USER RAM

IF IN USER RAM, COMPUTE RELATIVE PAGE
ADDRESS IN USER RAM

SAVE RESULT

TEST IF USRRAM IS ON AN ODD 4K BOUNDARY
JUMP OK ODD BOUNDARY

JUMP ON EVEN BOUNDARY

COMPARE WITH BEGINNING OF SYSTEM RAM
ERROR TIF NOT IN DISK CONTROLLER RAM
COMPARE WITH END OF USABLE SYSTEM RAM
ERROR IF NOT IN DISK CONTROLLER RAM

IF IN SYSTEM RAM, COMPUTE RELATIVE PAGE
ADDRESS IN SYSTEM RAM

SAVE RESULT

TEST IF SYSRAM IS ON AN ODD 4K BOUNDARY
JUMP ON EVEN BOUNDARY

RETRIEVE RELATIVE ADDRESS

FLIP BIT 6 (AFTER SHIFT) FOR ODD BOUNDARY

RETRIEVE RELATIVE ADDRESS
MULTIPLY RELATIVE PAGE ADDRESS BY &

AND PUT RESULT IN DMA ADDRESS REGISTER

NORMAL RETURN
ERROR RETURN

FLOPPY DISK READ SECTCR

THIS ROUTINE READS ONE SECTOR FROM DISK INTO MEMORY.

ENTER WITH MEMORY PAGE NUMBER TO RECEIVE SECTOR IN ¥ (MUST BE
IN DISK CONTROLLER RAM), SECTOR NUMBER TO READ IN X (READS
CURRENT TRACK), AND DISK DRIVE NUMBER AND DISKETIE SIDE TN A.
wwkCAUT ION-CURRENT CYLINDER WUMBER IS TAKEN FROM SEEKCM+2, IF
IT DOES NOT MATCH THE ACTUAL HEAD POSITION, A READ ERROR WILL
RESULTH#¥
RETURNS WITE CARRY CLEAR IF NO READ ERROR, CARRY SET IF A READ
OR OTHER KIMD OF ERROR.

THE STATUS AREA IS UPDATED AFTER 4 READ, 7 BYTES ARE STORED.

NOTE: USES IMA MODE BUT WAITS FOR OPERATION TC COMPLETE BEFORE
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DSKDG E-1013 DISK DIAGNOSTI
LEVEL 2 DISK TEST ROUTINES

595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
619
640
641
642
643
644

4283
42B6
42B7
42B8
42BB
42BE
42C1
4202
42¢€5
42c8
42C9
42¢cc
42CE
42D1
42D3
42D5
42D8

42DA
42DD

42D0F
42E1
42E4
42E6
42E8
42EA
42EC
42EE
42F0
42F2
42Fh
42F6
42F8
42FA
42FC
42FE

4300
4301
4302
4303

8D0Cc40
4A

44
8DOEAD
ADOB4O
810D40
BA
BDOF40
BDI 140
98
208142
A901
BDE89F
A009
A20B
208440
B0O28

ADEBSF
30FB

A200
204840
BG1C
A501
2908
FO08
€940
DO12
A502
100E
A502
2935
D0G8
A503
2933
D002

18
60
38
60

READ: STA
LSRA
LSRA
STA
LDA
STA
TXA
STA
STA
TYA
JSR
LDA
STA
LDY
LDX
JSR
BCS

READ3: LDA
BMI

LDX
JSR
BCS
LDA
AND
BEQ
cMP
BNE
LDA
BPL
READS @ LDA
AND
BNE
LDA
AND
BNE

CLC
RTS
READER: SEC
RTS

RETURNING.
A READ DATA COMMAND IS USED AND THE SK BIT IS ZERC. THIS
MEANS THAT DELETED SECTORS WILL BE READ AND BIT 6 OF STATUS 2
WILL BE SET ON RETURN.

READCM+1

READCM+3
SEERCM+2
READCM+2

READCM+4
READCM+6

DMASET
#x'01
FDCHWC
#9
#READCM-DSKCMD
CMDPH
READER

FDCIRQ
READ3

#0
RSLPH
READER
DSKSTS
#X'D8
READA
#2'40
READER
DSESTS+1
READER
DSKSTS+1
#X'35
READER
DSKSTS+2
#x'33
READER

o an s M s e WE ME we W ww ey e WE .

PUT DRIVE/SIDE IN SECOND BYTE OF COMMAND
TSOLATE HAED # AND PUT INTO H FIELD

ESTABLISH CYLINDER NUMBER

GET SECTOR NUMBER

SET AS SECTOR TO READ

SET ALSO AS LAST SECTOR TO READ

GET MEMORY PAGE ADDRESS

SET DMA ADDRESS REGISTER ACCORDINGLY
SET DMA WRITE MODE AKD SYSTEM RAM WRITE
ALLOW

9 BYTES IN READ CDMMAND

sRELATIVE ADDRESS OF READ COMMAND

; SEND COMMAND TO DISK CONTROLLER
; JUMP OUT ON ERROR

WAIT UNTIL INTERRUPT REQUEST FROM FDC

SET UP TO READ STATUS INTC STATUS AREA

JUMP OUT ON GROSS ERROR

CHECK STATUS REGISTER 0

MASK OUT NON-ERROR BITS

JUMP AHEAD IF NO OBVIOUS ERROR

TEST IF ABNORMAT TERMINATLION ERROR
TRUE ERROR IF NOT

IF ABNORMAL TERMINATION, TEST IF END OF
CYLINDER, TRUE ERROR IF NOT, OK IF 50
CHECK STATUS REGISTER 1

MASE OUT NON-ERROR BITS

GO TO ERROR IF ANY OF REMAINDER SET
CHECK STATUS REGISTER 2

MASK OUT NON-ERROR BITS

GO TO ERROR IF ANY OF REMATINDER SET

CLEAR CARRY FOR NORMAL RETURN

SET CARRY IF ANY ERROR DETECTED
AND RETURN

$//0///111/]///END OF LEVEL 2 ROUTINES/// [/ /11HE0LIEIEE0EEEITIIEIIIEEE !
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DSKDG KR-1013 DISK DIAGNOSTI
RANDOM DATA WRITE AND READ EXERCIZE

645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698

4304
4305
4307
4309
430B
430E
4310
4312
4314
4317
4319
431¢
431K
4321

4323
4326
4328
4324
432¢
432E
4330
4333
4336
4337

4339
4338
433E
4340
4342

4344

4345

4346
4348
434B
434D
434F
4351

4353

4355

4357
4358
4354
435C
435E
4360

D8
A930
8500
A900
8DEBIF
A901
850F
8510
200440
9003
4CCA43
A509
20DC40
9003
4CC843
A900
850B
ASGO
850C
A200
204041
9p0080
ES
DOF7
A50B
800840
A60C
A0BO
A50A
0A

0A
0509
20CF43
BO79
E60C
A50C
cola
DODS
A200
CA
DOFD
E60B
A50B
C94D
FOOB

JPACE
RANDOM DATA WRITE AND READ EXERCIZE

RANDOM DATA IS WRITTEN INTO ALL TRACKS AND SECTORS OF DISK 0
AND THEN READ BACK AND COMPARED WITH THE ORIGINAL

ANY ERROR WILL TERMINATE THE PROGRAM.

DISK FORMAT ASSUMED TO BE 26 SECTORS OF 256 BYTES EACH, DOUBLE
DENSITY.

'RANDOM DATA WRITE AMD READ EXERCIZE'

RANDOM SEQUENCE.

s/1401FETE T IBEGINNING OF LEVEL 3//////11771HIHTEETHITEIIIEEEETETEE]

RWTST: CLD
LDA
STA
LDA
STA
LDA
STA
STA
JSR
BCC
JHP
RWISTZ: LDA
JSR
BCC
JMP
RWTSTY: LDA
STA
RWTSTl: LDA
STA
RWT8T2: LIX
RWIST3: JSR
STA
INX
EBNE
LDA
STA
LDX
LDY
LDA
ASLA
ASLA
ORA
JSR
BCS
THC
LDA
CHP
BKE
LDX
RWIST4: DEX
BNE
INC
LDA
CHP
BEQ

#X'30
ERRORC
#0
FDCHWC
#2'01
RANDNO
RARDNO+1
SPECFY
BWTSTZ
RWERRI
DRIVE
RECAL
RWISTY
RWERR?
#0
TRACK

RWTSDA, X

RWTST3
TRACK
SEEKCM+2
SECTOR
#RWI'SDA/256
SIDE

DRIVE
WRITE
RWERR3
SECTOR
SECTOR
#26
RWTSTZ
#0

RWTST4
TRACK
TRAGK
27
RWTSTS

58

e

we e

Hiies e -

INSURE BINARY ARITHMETIC
CLEAR ERROR CODE FOR READ/WRITE TEST

ALLOW WRITING INTOD SYSTEM RAM

INITIALIZE RANDOM NUMBER SEED

INITIALIZE DISK GONTROLLER

JUMP OUT IF ERRCR
RECALIBRATE DESICNATED DRIVE

JUMP OUT IF ERROR
SET TRACK NUMBER TO ZERO

SET SECTOR NUMBER TO ZERC

INITIALIZE DATA POINTER FOR RANDOM DATA
CET A RANDOM DATA BYTE

STORE IT IN THE BUFFER

INCREMENT POINTER

CONTINUE UNTIL ALL RANDOM BYTES GENERATED
ESTABLISH TRACK,

SECTCR,
MEMORY ADDRESS,
AND DRIVE/SIDE NUMBER

AND WRITE THE SECTOR
JUMP OUT IF AKY KIND OF WRITE ERROR
INCREMENT SECICR NUMBER

TEST IF ALL SECTORS OF TRACK WRITTEN
GO WRITE NEXT SECTOR IF NOT

WAIT AWHILE FOR WRITE CURRENT TO DECAY
BEFORE SEEKING

INCREMENT TRACK NUMBER

TEST IF ALL TRACKS WRITTEN
G0 TO READBACK PART OF TEST IF S50



DSKDG K-1013 DISK DIAGNOSTI
RANDOM DATA WRITE AND READ EXERCIZE

699 4362 AA TAX

700 4363 AS09 LDA DRIVE
701 4365 200B41 JSR SEEK
702 4368 BOSA BCS RWERR4
703 436A 4C2AA3 JMP RWTSTL
704

705 436D A901 RWISTS: LDA #%'01
706 436F 850F STA RANDNO
707 4371 8510 STA RANDNGO+1
708 4373 A200 LDX #0

709 4375 A509 LDA DRIVE
710 4377 200B41 JSR SEEK
711 437A BO4S BCS RWERR4
712 437C A900 LDA #0

713 437E B50B STA TRACK
714 4380 A900 RWTST6: LDA #0

715 4382 850C STA SECTOR
716 4384 AS0B RWTST7¢ LDA TRACK
717 4386 8D0840 8TA SEEKCM+2
718 4389 ABOC LDX SECTOR
719 438B AD80 LDY #RWTSDA /256
720 438D A50A L.DA SIDE
721 438F 04 ASLA

722 4390 0A ASLA

723 4391 0509 ORA DRIVE
724 4393 20B342 JSR READ
725 4396 BOZA BCS RWERRS
726 4398 A200 LDX #0

727 439A 204041 RWISTS: JSR RAND
728 439D DDOOSO cMP RWTEDA, X
729 43A0 DOLE BNE RWERR6
730 4342 E8 INX

731 43A3 DOFS BNE RWIST8
732 43A5 ES0C INC SECTOR
733 43A7 A5S0C LDA SECTOR
734 43A9 CY91A CHP #26
735 43AB DOD7 BNE RWIST?
736 43AD E60B INC TRACK
737 43AF A50B LDA TRACK
738 43B1 C94D CMP #17
739 43B3 FO17 BEQ  RWERRO
740 43B5 AA TAX

741 43B6 A509 LDA DRIVE
742 43B8 200B41 JSR SEEK
743 43BB BOG7 BCS RWERR%
744 43BD 4CB043 JMP RWTSTG
745

746 43CO E6OQ RWERRG: INC ERRORC
747 43C2 E60D RWERRS: INC ERRORC
748 43C4 E600 RWERR4: INC ERRORC
'749 43C6 E600 RWERR3: INC  ERRORC
750 43C8 E600 RWERR?: INC ERRORC
751 43CA E6C0 RWERRl: INC ERRORC
752 43CC 4C2340 RWERRO: JMP MONERT
33

59

U

- s s

[
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SEEK TO THE NEW TRACK
ON DESIGNATED DRIVE

JUMP OUT ON SEEK ERROR
G0 WRITE THE NEW TRACK

RESEED THE RANDOM NUMBER GENERATOR

SEEK TO TRACK ZERO
ON DESIGNATED DRIVE

JUMP OUT ON SEEK ERROR
SET TRACK NUMBER TO ZERO

SET SECIOR NUMBER TO ZERO
ESTABLISH TRACK,

SECTOR,
MEMORY ADDRESS,
AND SIDE/DRIVE NUMBER

AND READ THE SECTOR INTC MEMORY

JUMP OUT TF READ ERROR

INTTIALIZE DATA POINTER FOR RANDOM DATA
COMPARE DATA READ WITH WHAT SHOULD HAVE
BEEN WRITTEN

JUMP OUT IF COMPARE ERROR **SERIOUS*¥

CONTINUE UNTIL ENTIRE SECTOR COMPARED
INCREMENT SECTOR NUMBER

TEST IF ALL SECTORS OF TRACK READ
GO READ NEXT SECTOR IF NOT
INCREMENT TRACK NUMBER

TEST IF ALL TRACKS CHECKED

CO TO MONITCR IF 50, PASSED TEST
SEEK TO THE NEW TRACK

ON DESIGNATED DRIVE

JUMP QUT ON SEEK ERROR
GO CHECK NEXT TRACK

36 SET COMPARE ERROR COODE

35 SET READ ERROR CODE

34 SET SEEK ERROR CODE

33 SET WRITE ERRCR CODE

32 SET RECALTBRATE ERROR CODE
31 SET SPECIFY ERROR CODE

30 NO ERROR, RETURN TO MONITOR



DSKDG K-1013 DISK DIAGNOSTT
RANDOM DATA WRITE AND READ EXERCIZE

754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
71
778
779
786
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
79¢
800
801
802
803
804
805
806
807
808

43CF
43D2
43D3
43D4
43D7
43DA
43DD
43DE
43E]

43E4
43ES
43E8
43EA
43ED
43EF
43F1

43F4

43F6
43F9

43FB
43FD
4400
4402
4404
4406
L4508
L50A
440C
440E
4410
4412
4414
4416
4418
441A

BDLB4AC
4A

4A
8D1D40
ADOBLO
8nican
8A
8D1EAQ
8D2040
98
208142
AS00
BDE89F
A00Y
A21A
208440
BO28

ADES9F
30FB

A200
204840
BO1C
A501
2908
FQ08
€940
Do12
A502
100E
A502
2935
Doo8
A503
2933
D002

e e e e e e
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WRITE:

WRIT3:

WRIT4:

FLOPPY DISK WRITE SECTOR

THIS ROUTINE WRITES ONE SECTOR FROM MEMORY ONTO DISK.

ENTER WITH MEMORY PAGE NUMBER TO WRITE FROM IN Y (MUST BE

IN DISK CONTROLLER RAM), SECTOR NUMBER TO WRITE TO IN X
WRITES ON CURRENT TRACK), AND DISK DRIVE NUMBER AND DISKETTE
SIDE IN A.

#*%*CAUTION-CURRENT CYLINDER NUMBER IS TAKEN FROM SEEKCM+2, IF
IT DOES NOT MATCH THE ACTUAL HEAD POSITION, A WRITE ERROR WILL
RESULT#*%

RETURNS WITH CARRY CLEAR IF NO WRITE ERROR, CARRY SET IF A
WRITE OR OTHER KIND OF ERROR.

THE STATUS AREA IS UPDATED AFTER A WRITE, 7 BYTES ARE STORED.

NOTE: USES DMA MODE BUT WAITS FOR OPERATION TO COMPLETE BEFORE
RETURNING.

STA WRITCHM+1
LSRA

LSRA

STA WRITCM+3
LDA SEEKCM+2
STA WRITCM+2
TXA

STA WRITCM+4
STA WRITCM+6

PUT SIDE/DRIVE IN SECOND BYTE OF COMMAND
ISOLATE HEAD # AND PUT INTO H FIELD

ESTABLISH CYLINDER NUMBER

GET SECTOR NUMBER
SET AS SECTOR TO WRITE
SET ALSO AS LAST SECTOR TO WRITIE

H
i
H
TYA ; CET MEMORY PAGE ADDRESS
JSR DMASET ; SET DMA ADDRESS REGISTER ACCORDINGLY
LDA #x'00 ; SET DMA READ MODE AND SYSTEM RAM WRITE
STA FDCHWC ; ALLOW
LDY #9 4 9 BYTES IN WRITE COMMAND
LDX #WRITCM-DSKCMD; RELATIVE ADDRESS OF WRITE COMMAND
JSR CMDPH ; SEND COMMAND TO DISK CONTROLLER
BCS WRITER ; JUMP OUT ON ERROR
LDA FDCIRQ 3 WAIT UNTIL INTERRUPT REQUEST FROM FDC
BMIL WRIT3
LDX #0 3 SET UP TO READ STATUS INTO STATUS AREA

JSR RSLFH
BCS WRITER
Lpa DEKSTS

JUMP OUT ON GROSS ERROR
CHECK STATUS REGISTER O

AND #%' D8 MASK OUT RON-ERRCR BITS
BEQ WRITS JUMP AHEAD IF NO OBVIOUS ERROR
CMP #X'40 TEST IF ABNORMAL TERMINATION ERROR

BNE WRITER
LDA DSKSTS+1
BPL WRITER
LDA DSKSTS+1
ANT #X'35
BNE WRITER
LDA DSKSTS+2
AND #x'33
BNE WRITER

TRUE ERROR IF NOT

IF ABNORMAL TERMINATION, TEST IF END OF
CYLINDER, TRUE ERROR IF NOT, OK IF SO
CHECK STATUS REGISTER 1

MASK OUT NON-ERROR BITS

GO TO ERROR IF ANY OF REMAINDER SET
CHECK STATUS REGISTER 2

MASK OUT NON-ERROR BITS

GO TO ERROR IF ANY OF REMAINDER SET

Y T ]
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DSKDG K-1013 DISK DIAGNOSTI
RANDOM DATA WRITE AND READ EXERCIZE

809 441C 18 CLC

810 441D 60 RTS
- 811 441E 38 WRITER: SEC

812 441F 60 RIS

813

814 0000 .END

NO ERROR LINES

61

CLEAR CARRY FOR NORMAL RETURN

SET CARRY IF ANY ERROR DETECTED
AND RETURN



DESIGNATION

U21,39,52
u4,19,37,51,53
U6
U62
U20,29,38
56,57
ull,30
U7,8,17
U40
u63
US4
us,10,32,42,55
U61
Ul4,24,34,44,58
U13,23
u21,33,43

Us8
U64
18,28
U50,59
vlz,22
U1-3,9
v15,16,25,26,35,

36,45,46
U6
U49
VR2
VE1
D4

D2,3,5-8
D1
Q2
ql

E-1013 FLOPPY DISK CONTROLLER PARTS LIST

PART

TYPE

LocIC,
LOGIC,
LOGIC,
LOGIC,
LOGTC,
LOCIC,
LOGIC,
LOGIC,
LOGIC,
LOGIC,
LOGIC,
LoGIC,
LoGIC,
LOGIC,
LOGIC,
LocIe,
LOGIC,
LOGIC,
LOGLG,
Logrc,
LogIC,
LOCLO,

MEMORY, 4116 TYPE 200Quns

MEMORY, 6309 PROM

LSI FD CONTROLLER UPD765
+5V LM340T-5
+12V LM34]1P-12

VOLT REG.
VOLT REG.

T4LS00
T4L504
7406
741508
741810
741813
741820
T4LS30
741842
741551
741893
7418109
74145
T4LS153
7418157
7418161
7418173
7418221
7415283
7415368
7418393
811895

DIODE, GERMANIUM IN270
DIODE, STLICON 1N4148
DIODE, ZENER 5.1V .4W
TRANSISTOR, NEN PN2222
TRANSISTOR, PNP PN2907

62
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DESICNATICN

R29

R32,34,36,38,41

R1-4,7-10,46

R33,35,37,39,40

R15,28,31

R6,26

R44

R16,17,30

R4

R23,24,47,48

R5,12-14,18-22

RS0

R25,51

R27,42,45,49

RP]

€8,10,11

o7

£90-95

86,87

C66,88

58,77

c9,89,96,97

cl-6,12-19,25-33,
39-46,52-57,59,
60,67-76,78-85,
87

€20-24,34-38,
47-51,61-65

H1

PART TYPE

RESISTOR, 1/4W 5% 10 OHM
RESISTOR, 1/4W 5% 220 OHM
RESISTOR, 1/4W 5% 270 OHM
RESISTOR, 1/4W 5% 330 OHM
RESISTOR, 1/4W 5% 470 OHM
RESISTOR, 1/4W 5% 1K
RESISTOR, 1/4W 5% 1.5%
RESISTOR, 1/4W 5% 2.2K
RESISTOR, 1/4W 5% 3K
RESISTOR, 1/4W 5% 4.7K
RESISTOR, 1/4W 5% 10K
RESISTOR, 1/4W 5% 51K
RESISTOR, 1/4W 5% 820K
TRIMPOT, 500 OHM SQUARE
RES. PACK 52 10K 8 TO 5V
CAP ,ELECTROLYTIC LOOUF 16V
CAP ,ELECTROLYTIC 1000UF 25V
CAP, POLY, 470PF 12V

CAP, POLY, 1080PF 12V
CAP, DISK, NPO 68PF 12V
CAP, DISK, Y5F 100PF 12V
CAP, DISK, Z5U .QLUF 12V
CAP, DISE, Z5U .047UF 12V

CAP, DISE, Z5U .1UF 12V

HEATSINK 1" SQUARE AAVID 5070
SOCKET, PC 8 PIN

SOCKET, PC 1& PIN

SOCKET, PC 16 PIN

SOCKET, PC 20 PIN

SOCKET, BC 40 PIN

BOARD, PC K-1013-1
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Miero Technology Unlimited
7 PO, Box 12106

7 2806 =illsborough Streel
Raleigh, N.C. 27605 US.A.

919) 833-1458

September 10, 1930

Dear K-1013 Owners:

After the release of the first few units of MTU's K-1013 Floppy Disk
Contreller board, a hardware problem was found. The symptom would be a failure on
the memcry read/write test program or a "crash" of the disk operating system. This
problem would beccme mere apparent after extended periods of usage ie. heat
sensitive. The cause was isclated to the DMA timing and thus requires a number of
rework steps to cerrect. In addition, it was found that the INDEX input on the
board was missing a pullup resistor requiring the addition of R56 (a 1K ohm
resistor) to the rework procedure.

Enclosed is the procedurs for updating the board along with a corrected
schematic sheet. Care should be taken in following these steps for proper
updating. Sheould you feel unccmfortable in performing the necessary rework, please
feel free to return the board postage prepaid and we will be glad to update and
retest your board undsr warranty status,

I hope that this problem has not been an inconvenience and if we may be of
assistance in the future, please do not hesitate toc contact us.

Sincerely,

JSM/wp



REWORK NOTES FOR REV B ARTWORK OF X1013 BOARD 9/10/80 JsM

1. Cut etch on top of board at feedthrough below U4l-4.

2. Cut etch on top of board at feedthrough above U31-9.

3. Cut etch on top of board at 1ine leaving U32-1,

4. Cut etch on top of board at line leaving U20-10.

5. Cut etch on top of board at line leaving U20-11.

6. Cut etch on bottom of board at line leaving U3z-11.

7. Cut etch on bottom of board at line leaving U32-4.

8. Cut etch on bottom of board at line leaving U31-8.

9. Cut etch on bottom of board at line leaving U31-5.

10. Cut etch on bottom of board at line leaving UZ0-8.

11. Install a IK resistor {R56) from U51-9 to U51-14 (+5v).
12, Install a 2.2 resistor {R54) from U31-16 (+5v) to feedthrough below U40-7.

13, Install a 3.3 resistor (R55) from ground plane to feedthrough betow U40-7.

14. Install a 68pf capacitor (C99) from feedthrough near U21-16 to etch running
between U30-6 and U30-7.

15, Add wire from U32-11 to U32-15.

16. Add wire from U42-4 to feedthrough above U42-14.
17. Add wire from U31-10 to feedthrough below U42-4.
18. Add wire from U51-4,5 to feedthrough above U31-9.
19. Ad

o

wire from U20-8 to feedthrough next to U41-8.
20. Add wire from U20-11 to feedthrough abave U30-3.
21, Add wire from U20-10 to feedthrough next to U5-9,
22. Add wire from feedthrough below U32-4 to feedthrough next to U41-3,4.

23. Add wire from U32-4 to U31-8,
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