





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
and installed according to the following instructions. 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 statiec 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-
ments 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 a 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 CODOS Disk Operating System in an AIM-65 based system. The
characteristies of this standard configuration are listed below:

1. System RAM addresses - 8000-9FFF

2. User RAM addresses - UOOO-SFFF

3. Type of disk - 8 inch standard size Shugart compatible single sided drive
4. Reset vector - Goes to KIM-1 monitor (pertains only to KIM~1 based systems)
5. Floppy disk controller interrupt - disabled

6. Option bit in Hardware Status Register - 0

7. Write precompensation - 125NS

It is desirable that initial tests of the board in 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 ad-
dresses 6000~7FFF (CODOS 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 U41.

CONNECTION TO USER'S SYSTEM

As shipped the board requires a source of +8 (+7 to +12) volts unregulated in-
put ‘and a source of +16 (+14 to +20) volts unregulated for power. It is preferable
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 VR1
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 MIU
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 4 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 verify that the board operates properly as a memory, that the disk
controller chip is 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 memory 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 failed 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 are set the way you expect., If the condition persists, refer
to the section on troubleshooting.

4, 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 8000 (or the first System RAM location if the K-1013
jumpers have been changed).

6, Since System RAM 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+1FE8) 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 location 0000 and executed:
A9 00 8D E8 9F MU4C 22 1C. After the write protect has been 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 prob-
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 one 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 9F00 (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 bootstrap program listing in
the CODOS manual). Otherwise it will be undefined.

10. If desired, enter the memory diagnostiec program on pages 41-U44 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 cable, 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 1limited to: Shugart SA-800, 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 recsmmended. 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-
ly simple. It should be a 50 wire ribbon cable with ,050" between conductor
centers (3M type number 3365-50) with a female ribbon cable connector on one end
(mates with dual row .025" square posts on a .1" grid, 3M type number 3425-0000),
and a female card edge connector on the other end (mates with 50 pin double-sided
PC edge fingers on .1" spacing, 3M type number 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 4 con-
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 1s shown
below:
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If more than one disk drive is used, the drive select jumpers in the drives
will have to be re-configured. Following the instructions in the drive manual, set
the jumpers in the first drive for 0, the next for 1, ete. The disk controller
does NOT use binary select so ignore anything in the drive manual about binary sel-
ect.

.Mést disk drives have addioional jumpers to control other aspects 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.

11.

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

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

The controller board uses soft sectoring. Any sector separator circuitry on the
drive should be disabled and the index sense signal should appear on pin 20,

If present, the Write Protect Sensor should be enabled.
If present on a double sided drive, the Double Sided Semsor 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 locked only when the head
is loaded.

Any other radial vs daisy chain optioms should be set for daisy chain.

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



INITIAL DISK TEST

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

communication between the controller board and disk drive functions 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 CODOS manual consulted for CODOS instal-
lation procedures.)

1.

With the disk drive {or drives) connected 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 zeroes in locations 0009 and 000A for the initial test. Later,
the drive number can be put into location 0009 tc test other dirves on the sys-
tem and the side number can be put into location O00A to test both sides of a
double-sided disk drive, if used.

. Insert a blank disk (not the APEX-65 distribution disk!) into drive 0 and start

execution at location 4026 which is the random seek test for drive O. It will
first seek to track zero using the Recalibrate command and then do 256 random
seeks followed by a seek to track 0. 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 used to track down the
cause of the difficulty. 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 test may be
repeated at the faster speed by changing location 4001 to 8F 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 wused by Level 2). Insert a blank disk into drive O and
start execution at 415C. The disk will be formatted in CODOS 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 a Read Error is indicated (code=23), examine the controller

status bytes in locations 0001, 0002, and 0003 to 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 location 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 consulted. An occasional 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.

. ‘At -this point it Is safe to go ahead and install the CODOS Disk Operating System

(see the CODOS manual). If desired however, Level 3 of the Disk Test Program
may be entered into memory. Start execution at location 4304, The program will
first write random data on each sector of the disk and then read it back and
check for accuracy against the same random byte stream. The program should stop
after about 11 minutes with 30 in location 0000. Anything else indicates an
error condition.



PROGRAMMING

Thorough understanding of the following section is not necessary unless the
customer wishes to write his own disk handling code. Normally the COD0OS Disk Oper-
ating 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 CODOS standard
format will require direct programming of the K-1013.

The following discussion is just a summary of the information needed for suc-
cessful disk hardware programming. 7Its purpose is to establish an overview and
point out the pitfalls discovered during development of the K-1013 and CODOS.
Answers to detailed programming questions can be found in the uPD765 Controller
Chip Data Sheet on page 27.

K-1013 MEMORY MAP

The XK-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 bleock 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 loops 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 uPDT65 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+1FES8 Read - Hardware Status Read

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

SYSRAM+1FF0 to SYSRAM+1FFF Remainder of bootstrap loader PROM

Bootstrap Loader PROM

The Bootstrap Loader PROM is a 256 byte fusible 1link 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 I/0 register addresses. This PROM is
normally supplied by MTU already programmed with a bootstrap loader that will read
the CODOS Disk 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 BMI and BPL 6502 instructions, is a zero 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-only register.



Hardware Control Write

Only two bits of the data written to this register are significant. Bit O sets
the DMA data transfer direction. When set to zero, data flows from K-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 to 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 one, 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 one.

DMA Address Register

This is a write—only register used to specify where in K-1013 on-board memory a
DMA transfer to or from the disk is to start. Only the upper 8 bits 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 1 1
System No Lower 1 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 1into consec-—
utive memory locations, the DMA Address Register need not be set at the beginning
of every sector. Please mote however that if the 8K block of K-1013 memory being
read into starts on an odd 4K boundary (such as 3000, 5000, 7000, etc.) the DMA
address register will not cross the 4K boundary in the middle of the block correct-
ly. 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 incorrectly. If
the block starts on an even 4K 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 expecting and a little bit of information about the status of things. The
uPD765 data register is used to send commands to the chip and receive detailed
status from it. Operation 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 normally do DMA), that the program should not read or write
any of the uPD765 registers. The reason is 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 designing a floppy disk controller is the wide variety
of data that must be exchanged with the 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 1is 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 synchronization.

Actually the uPD765 tells the using system what should be done 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 something. 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=1, 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. Note 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 number
has been received. When all of the command bytes have been received, the uPD765
starts 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 Specify, Seek, or Recalibrate, the 765 is
now ready to send status bytes back to the using system. The program should test
the Main Status Register for bit 7=1 and bit 6=1 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 Reg-
ister bit 6 to a zero. The Specify command does not return any status bytes. The
Seek and Recalibrate commands themselves do not return any status bytes either 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 descriptions 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 sheet.

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 1is the
two's complement of the stepping speed to be used on Seek and Recalibrate commands.
Thus a value of A would be used for 6MS 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 maximum value (F or 240MS) is
normally recommended. The most significant 7 bits of the third byte specifies the
head load time allowed for the disk drive in 2 millisecond increments. 40MS should
be adequate for any kind of drive. Note that this is also the time allowed for
head settling after a seek before attempting to read or write data. The least sig-
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-
taneous 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 Sense 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 uPD765 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 O.

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 of 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 on another memory board, a
move routine will have to move 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 until 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 1is not the actual number. Thus single
sector reads are accomplished by setting the final sector number (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 density 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 tc the other on
double-sided drives. The second byte specifies the drive number and diskette side
in the same format as the Seek command. The third byte must be equal to 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
CODOS, 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 fifth byte to
specify a single sector read. The eighth byte gives the gap length between sectors
and is normally set to OE for 26 sectors, 256 bytes/sector, double density.

Wnen the read operation is complete, the controller will request an interrupt
and the program should respond by reading status bytes back. (Do not execute a
Sense Interrupt Status to get the status.) The first three status bytes {from a
total of 7) give an error code. Normal termination in the K-1013 is for the first
byte to read UO+4%¥(head number)+(drive number) which is hex 40 for a single-sided
drive 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 command. Before
executing a write however the DMA direction bit should be set for read (Hardware
Control Register bit 0=0). Once a Write command has been started, it will write
continuously just like the read command. This is handled in the 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.

Following 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 data on the adjacent track will be damaged 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 CODOS disks is similar to that used on IBM double density systems
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 of 630,784 bytes, a 23% increase.

The command code for Format is normally 4D which specifies double density. 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; 01 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.
CODOS uses EA.

During execution of the Format command, additional formatting data is read from
memory via direct memory access. 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 Y4 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 0 for single sided). The third byte gives the sector ID
for the sector being formatted. The fourth byte 1is a code for the sector length
and must be equal to the third byte of the command string desecribed 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 not be sequentially numbered around the track and
each track can be different thus allowing optimized numbering for faster throughput
when the disk is later read or written. CODOS format takes advantage of this and
uses alternate numbering and staggering 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 CODOS manual.

When the entire track has been formatted (as signalled by the second occurance
of the index hole), an interrupt is generated 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 to the next track
sc that tunnel erase is completed.



JUMPER OPTIONS

In order to accomodate a variety of system configurations, 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 1 and is
also designated with an * in the jumper option tables in this section. There are
three classes of jumpers: address selection, system characteristics, and disk
characteristics. Each of these will be described in detail in the following para-
graphs.

ADDRESS SELECTION JUMPERS

To the using system, the K-1013 Disk Controller looks like 16K bytes of memory.
This 16K is actually broken down into two completely independent 8K blocks. One of
these blocks, which is called User RAM, is totally free for use as 8K of read/write
memory. The other block, which is called System RAM, consists of 7.8k of
read/write memory, 248 bytes of read-only memory, and the various I/0 port regis-
ters associated with the disk controller chip (see the Programming section). This
block is normally used to hold the CODOS Disk Operating System although it too 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 Jjumper sockets without harm. There
should be enough jumpers supplied with the board to support any desired reconfig-
uration. Alternatively, DIP switches may be installed if frequent reconfigurfation
is anticipated. All address selection jumpers are installed in the socket labelled
U27 (see the assembly diagram on page 64).

ADDRESS RANGE SYSTEM RAM JUMPERS USER RAM JUMPERS
0000 - 1FFF 8-9 4.13
1000 - 2FFF 7-10 3-14
2000 - 3FFF 7-10 8-9 3-14 4213
3000 - 4FFF 6-11 2-15
4000 - SFFF 6-11 8-9 2-15 #* 413 *
5000 - 6FFF 6-11 7-10 2-15 3-14
6000 - TFFF 6-11 T7-10 8-9 2-15 3-14 4-13
7000 - 8FFF 5-12 1-16
8000 - 9FFF 5-12 ¥ 8-9 * 1-16 4-13
9000 - AFFF 5-12 7-10 1-16 3-14
K000 - BFFF 5-12 7-10 8-9 1-16 3-14  4-13
BOOO - CFFF 5-12 6-11 1-16  2-15
C000 - DFFF 5-12 6-11 8-9 1-16 2-15 4-13

- D000 - EFFF 5-12 6-11 7-10 1-16 2-15 3-14
E000 - FFFF 5-12 6-11 7-10 8-9 1-16 2-15 3-14 L4-13

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

The Vector Fetch Enable jumper is placed between U47 pins U4 and 13 and only has
an effect in a KIM-1 system. When installed, the Reset, IRQ, and NMI 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 EO00-FFFF) and thus
provides for automatic system loading in KIM-1 systems. SYM-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 Jjumper 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 to occur 1if 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 in
the system. The CODOS Disk Operating 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 density) is being used in the system. This jumper is normally
removed which signals double-density operation to the IPL program.

DISK CHARACTERISTICS 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 250NS for 5 inch disks.
In some cases with older drives not rated for double density, better results are
obtained with 250NS for 8 inch and 500NS for 5 inch.

* U41-1 to UH1-16 125N8
U41-2 to UK1-15  500NS
U41-3 to U41-14  250NS

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 diskette are present in the system.
Its practical function is to allow the use of both sides of single-sided diskettes
in two-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 location 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 soldered-in jumper. The K-1013 is
shipped with the write clock set for 8 inch disks. To use 5 inch disks, the line
between J1 and J2 must be cut and then a jumper placed between the two J1 points
and another placed between the J2 points. Note also that for operation with 5 inch
drives that 470pF 5% polystyrene capacitors must be installed at C90, €92, and col,
1000pF 10% at C86 and .OTuF 10% at C96. Also the data separator adjustments should
be performed as described in the Adjustment Procedure section.
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DISK DRIVE CHARACTERISTICS

The KX-1013 Floppy Disk Controller is designed to mate directly with Shugart
compatible 8 inch drives. However because of its low cost and wunbundled marketing
technique, many customers may want to use incompatible drives that they have avail-
able. This is indeed possible and MTU has successfully operated a Qume Datatrak 8,
a Calcomp model 142 and a Pertec FD400 with the controller. Minifloppies have not
been tried but they too should be relatively easy to adapt (be sure to add the 5
capacitors and move the write clock jumper on the K-1013 to slow it down for mini-
floppy operation).

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 connector 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 constructed that makes the drive look Shugart compatible. Typically the
board will be quite small containing only two or three connectors and a couple of
IC's. In most cases it can simply be plugged into the incompatible drive's signal
connector and then a standard cable plugged into the Shugart compatible connector.
This technique would then allow mixing of different 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 circuit to convert that signal to/from Shugart 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 ]
DRIVE SELECT lines in the cable, one for each drive. In a Shugart compatible drive
there is 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 dipswitech. If the drive to be used only busses some of the signals or even none
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 operation, 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 beyond the
spec limits for standard TTL.

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 continuously since there
is no signal for turning the motor on and off. If a door switch is available, it

may be convenient to wire it so that the motor is on only when the door is closed.
STEPPER MOTOR POWER

Like drive motor power, the stepper motor generally has to be powered contin-
uously. 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 1is not acceptable to use DRIVE SELECT
to control the stepper power since the 1kHz 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 control 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. Pulsing the STEP IN line will cause seeking
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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the STEP line prevents noise picked
up on the disk cable from falsely
triggering the flip-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 and 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. If 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 uses_a soft sectored disk format. Accordingly it expects to see a
single pulse on the INDEX line for every rotationm of the disk. Actually the index
is only used during the Format command and as a timeout signal to terminate com-
mands when the desired sector cannot 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 imserted (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
useful if one 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 inmserted and is
up to proper rotational speed. This 1s normally done with a retriggerable single
shot that looks at the index pulses and requires that they have a minimm frequency
for a period of time before Ready status is generated. Having a proper Ready sig-
nal prevents the K-10I3 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 is 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 feature of limited usefullness and
Shugart drives do not have the feature. If your drive has a write fault circuit,
just idignore it if possible. If absolutely necessary, two of the unused 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
a 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 removal
of write current. Most disk drives have the necessary delay circuitry built-in but
a couple on 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 R2 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 OF OPERATION

The K-1013 Disk Controller is basically a 16K memory board with a disk control-
ler IC, direct memory access logic, TTL registers, and 256 bytes of PROM added. 1In
operation it is synchronized to the 6502 bus cycle which is expected to be 1,0MHz
to close tolerances. Although there are a lot of parts on the board, its operation
is straightforward. 1In addition to the digital logie, there is a small amount of
analog circuitry in the clock generator and data seperator. There should be enough
information in this section to allow an experienced technician to wunderstand 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 intermal 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 2mHz cycle rate which these modern devices handle quite well. The address bus
is unidirectional being simply a buffered version of the 6502 address bus and two
levels of multiplexors are used to 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 first buffered by Ul and U2 which are low power non-inverting octal buffers to
produce LOC ABQ through LOC AB15. U29-6 in comjunction with inverters at its input
produces KIM DEC ENAB for KIM-1 systems which goes low when addresses in the range
of 0000 through 1FFF are on the address bus. U8-8 detects addresses in the range
of FFOO - FFFF and generates KIM VECT FETCH when they are seen. Germanium diode D4
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 onte 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 Ul8 in conjunction with
U29-12 recognizes System RAM addresses. Test points 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.

"Ul17-8 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 ABl] to be all ones. U7-8
looks for addresses between xxE8 and xxEF which are candidates for the various I/0
registers on the K-1013. U38-12 makes the final decision about whether a System
RAM address actually referrs to 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, Ul7-8 be true, and U7-8 be false. U38-8
makes the final decision about I/0 addresses by requiring SYSRAM ADRD be true,
Ul17-8 be true, and U7-8 be true. When I/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

The data bus is buffered by two octal buffers, U3 and U9. If 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 cycle (6502 R/W low),
U3 is activated during PHASE 2 to drive the internal K-1013 data bus (LOC DBO - LOC
DB7) with write data. Neither buffer is activated during PHASE 1 in order to
reduce noise generation.

HARDWARE CONTROL REGISTER

The Hardware Control Register is in the middle of schematic page 2 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 1FE8 in the System RAM is
written to. LOC DBO is written into the bottom flip-flop which controls the dir-
ection of DMA data transfers. LOC DBl is written into the top flip-flop which
allows or inhibits writing into the System RAM by the 6502. Reset from the bus is
commected to both flip-flops in order to put them into a known state (DMA
mode=read, System RAM write disabled) at power-up.

BARDWARE STATUS REGISTER

The Hardware Status Register is at the top left cornmer of schematic page 3. It
consists simply of two tri-state buffers which gate data onto LOC DB6 and 1OC DB7
when activated by STATUS READ which in turn responds to read cycles from address
1FE8 in the System RAM. The Interrupt Request line from the uPD765 floppy chip is
gated onto LOC DB7. A pluggable jumper determines the logic level 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
synchronous loadable counters. Only 14 bits 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 asychronous counter makes a l-to—0 transition,
it is coupled through C77 and U62-6 to clock the synchronmous 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 network formed by R15 and C58 insures that the counters
are kept in the Load Enable state long enough after clocking to load properly.
U62-6 functions as an OR gate so that the synchronous counters are clocked either
by DMA CNT LD or by a carry out from the asychronous counters.

IPL PROM

The IPL ROM is at the left center of schematic page 4. It is activated during
read cycles when ROM CS1 is true by virtue of its two chip select inputs. Its 8
address inputs are connected directly to LOC ABO - LOC AB7 for addressing of its
256 bytes. The 8 tri-state outputs are connected directly to the on-board LOC DB
bus. A type 6309 (or equivalent) 256 word by 8 bit fusible link PROM is used.
Note that locations E8-EF cannot be read from the PROM because the address decoder
overlays them with I/0 register addresses.
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uPD765 FLOPPY DISK CHIP ADDRESSING

The uPD765 Floppy DIsk Controller IC is located at the upper left cormer of
schematic page 3. It has only two internal registers that must be addressed. LOC
ABO is used to distinguish between the Main Status Register and the Data Register.
The uPD765 has separate RD and WR inputs which are used to strobe data from and
into internal registers respectively. The driving signals, FDC RD and FDC 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 is simply
tied to the on-board LOC DB bus.

TIMING GENERATOR

The timing generator 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 consulted 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. U57-8 is
a simple Schmidt trigger oscillator with a nominal frequency (which can be adjusted
with R27) of 8MHz. 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%Z 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 synchromous &4 bit counter, UZl.
U31-6 decodes the counter status to produce a low-going signal with duty cycle of
25% at a frequency of IMHz. This is the comparison signal for the phase compara-
tor. 6502 PHASE 2 is the reference signal and U50 is used as a phase comparator.
The output of the phase comparator simply floats for 3/4 of each luS cycle since it
is actually a tri-state gate. When it is enabled by U31-6, the output first goes
high (since when locked 6502 PHASE 2 would be high), then goes low when 6502 PHASE
2 terminates, and then floats when disabled by U31-6. The ratio of high-to-low
time of this signal is averaged by lowpass filter R31, C84, and R29 which 1is then
the control voltage to the 8MHz oscillator.

Normally the trailing edge of 6502 PHASE 2 occurrs midway in the "window"
defined by the output of U31-6. 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 output 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 control voltage slows down the oscillator, the window frequency would
decrease to match the input. The converse would occur if 6502 PHASE 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 generatiom.

The most critical timing signals needed are those that operate the 16K dynamic
RAM chips. U42-6 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 needed 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 seen. U42-6 then goes low
generating RAS which starts the timing chain for the memory cycle. The next neg-
ative edge of 8 MHZ CLOCK flips U32-6 which through the memory address multiplexor,
switches from row address to column address. Finally, the next positive edge of 8
MHZ CLOCK after the address is switched generates CAS which latches the column
address in the RAM chip and activates the RAM I/0 circuitry. At the end of the
memory cycle, U42-6 is jammed back high by U20-8 and U32-6 and U31-10 follows 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 twice 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 gemerater 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 density. _With the J1 and J2
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 J2 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 the mem-
ory chips. However, if a DMA cycle is in progress the refresh cycle is omitted
until the next &uS period. There is no chance that DMA will lock out refreshing
however because the maximum data rate to or from the disk is every 16uS. Even if
every DMA cycle preempted a 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 circuitry is at the top right of schematic page 2.
Its main function is to determine if a memory cycle is needed during PHASE 1 and if
so, whether it is a DMA cycle involving the uPD765 chip or a refresh cycle. It
also distinguishes between read and write cycles based on the setting of the DMA
WRITE and WRITE PROT flip-flops. A DMA control 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 acknowledge back te
the uPD765 (FDC DACK) which then drops its request. The request is dropped soon
enough so that two DMA cycles are not taken. U52-11 logically AND's the DMA flip-
flop with ONTC (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. TIf the DMA mode is write, U52-6 will generate a
read pulse which is OR'ed with reade pulses from the 6502 in U62-11. The delay
network consisting of R52 and C98 prevents possible overlap of the uPD765 driving
the LOC DB bus before the RAM chips have stopped driving it.

Considerable logic 1is required to generate RAM WE only when needed. U52-8
requests the generation of RAM WE during all DMA cycles when the DMA mode is write.
U30-6 requests RAM WE when the System RAM is addressed by the 6502, a 6502 write
eycle is in progress, and the Write Protect is off. CNIC 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. All of these requests
are OR'ed together in U20-12. 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 1 also controls memory cycles.
U30-8 OR's cycle requests from 4 different sources to produce MEM CYC ENAB which
then triggers the timing generator to execute a memory cycle. Two of the sources,
DMA CYC and REF CYC have already been covered. The third source is 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 cormer of page 4. It is

simply an 8 bit asynchronous counter that counts up on the trailing edge of REF CYC
pulses. The eighth bit is not needed to refresh 16K RAM chips.
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 MEMORY ADDRESS MULTIPLEXOR

The Memory Address Multiplexor is at the bottom right of schematic page 4. It
is actually a two-level multiplexor and simultaneously performs address selection
from 3 different sources and row/column multiplexing for the RAM chips. Ul3 and
U23 form the first multiplex level which selects between the refresh address and
the low 7 bits of the DMA address. Note that the high 7 bits of the DMA address
will actually be the high 7 bits of the refresh address but these address bits 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 U44. One of the select inputs to this multiplexor selects
between 6502 address and DMA/refresh address under the control of CNTC. Thus the
6502 address is selected during PHASE 2 and the DMA/refresh address 1is selected
during PHASE 1. (Actually there is some timing skew because CNIC 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 outputs of the
7415153"'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 because 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 respends by sending status back to the K-1013 and accepting
commands, if any, from the K-1013. Except during read and write operations, 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 chosen so that 4 of them are sig-
nificant only during read/write operations and the other 4 are significant only
during seeking and idle periods. A signal from the uPD765 called RW/SEEK deter-
mines which group is active. The signals within a group are further divided into 2
input signals (drive to uPD765) and 2 output signals. Quad tri-state inverters U50
and U59 are appropriately wired to do the necessary multiplexing and demultiplexing
with high output drive capability. The 4 input signals that are multiplexed are
WRITE PROT, TRACK 00, 2-SIDE SENSE, and FAULT SENSE. The latter signal is not
normally present on Shugart compatible drives so it simply goes to a pad on the
K-1013. The &4 output signals that are multiplexed are LOW CURRENT, STEP, STEP IN,
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 by U51-8
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 to 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 (U59), and
also through open-collector inverter U60 to the 6502 IRQ bus line if the IRQ ENAB
jumper is installed. The 8MHz clock input to the uPD765 is buffered and given an
appropriate duty cycle by U51-6. Pullup resistor R52 gives the somewhat higher
logic 1 level required by the uPD765.

WRITE PRECOMPENSATION

During readback of double-density data from diskette, the recorded pulses
experience a predictable shift away from their ideal positions in time which make
data decoding errors more likely. This tendency 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 written early, on-time, or
late and supplies this information on the PS0 and PS]1 lines to the write logic.

U48 is connected 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 U58 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 controller the data separator determines
the overall reliability of the disk system. Not supprisingly, it is also the most
difficult circuit to design. The data separator used on the K-1013 is a true
analog phase locked loop with nome 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 a 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 a half-cycle
or not and the data is separated based on the pattern of pulse-no pulse seen. If a
pulse occurred for every half-cycle of the clock, then any of a variety of inte-
grated circuit phase locked loops could be used. Unfortunately they all fail when
presented with inputs having "missing" pulses.

Since the goal 1is to adjust the frequency of the clock so that pulses occurr
midway in its half-cycles, a phase comparator based on the difference between the
actual position of the pulse and its ideal position can be constructed., If a pulse
is missing during a half-eycle, the frequency of the clock should be left alone.
In order to distinguish ahead of time the difference between a very late pulse and
2 missing one, the input pulses mneed to be delayed by 1/2 of the window width.
This . is accomplished by U64-13 which produces a 1.0uS output for single density
tracking and U64-5 which produces a .5uS output for double density frequency track-
ing. Both pulse widths may be doubled for mini floppy applicatiomns by adding c90
and C92.

The timing diagram on page 40 tells better than words how the phase comparator
works. Basically, flip-flop U55-7 is turned on by the data pulse if it is early
and turned off at the center point of the window. Thus its on~time is proportional
to how early the pulse is. If the pulse is late instead, U55-10 instead turns on
at the center point and turns off when the pulse actually appears giving a pulse
width proportional to how late the pulse was. If there was no pulse at all
(single-shot not triggered), then neither flip-flop is turned on 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 U55 flip-flops. R26 and €87 "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 voltage controlled oscillator. R51 and R25 do however very
gradually pull €97 to +2.5 volts and the oscillator to a "center frequency" value
when pulses are absent for long periods. If 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 voltage
on €97 which will speed up the oscillator to counteract the early pulse. Converse-
ly, if U55-10 goes high because of a late pulse, some charge is added to C97
through D8 and R24 which slows down the oscillator.

Ql, R50, Q2, and R48 form a simple wunity gain buffer amplifier to match the
high impedance level at the base of Ql to the low impedance level at the control
voltage input to the oscillator. The complementary NPN and PNP transistors reduce
the input-to-output offset voltage of the amplifier to about 100MV. U56-8, R49,
R46, and C95 form a Schmidt trigger oscillator which is made voltage controlled by
the addition of R47. The nominal frequency of the oscillator is 2MHz which can be
adjusted with R49. It is important that the other half of U56 only be used in
circuitry that is synchronous 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 1MHz output of the first
counter for single density or the 2MHz output of the oscillator for double density.
This is accomplished with AND-OR-INVERT gate U63-6 which is wired up as a simple 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 point of the
window for use by the phase comparator. U63-8 selects either the 1.0uS single-shot
output for single-density or the .5u$ single shot for double-density. c66, R16,
and R17 convert the wide data pulses from the disk drive into very mnarrow pulses
for the disk controller and phase comparator. Since the entire 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 inmput by
VR2 which is a 1 amp 5 volt IC regulator. Cll prevents oscillation and numerous
.05uF bypass capacitors maintain regulatlon during transient current drains. Pos-
itive 12 volts for the memory IC's is provided by VRl. C7 suppresses oscillation
and provides the addition filtering needed by MIU K-series power supplies on their
16 volt unregulated outputs. Cl0 absorbs the large current transients typical of
dynamic memories. Negative 5 volts for the memory chips is prov1ded by a charge
pump circuit comsisting of €9, D2, D3, and c8. The cireuit is driven from a 12
volt amplitude 1MHz square wave provlded by open-collector inverter U60-8 and R6.
Shunt regulator DI limits the negative voltage to -5 volts and in so doing limits
the swing at U60-4 to about 6 volts. Dl also prevents the -5 bus from 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,
please read the appropriate sections. An oscilloscope is required to make the
adjustments accurately. A 10MHz DC coupled triggered sweep scope is adequate.

8 MHZ CLOCK (BUS SYNC)

All timing is derived from the 1.0MHz system 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 TP13 at the top left corner of the hoard. 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, rotate R27 until the proper waveform is seen. Double-check the
frequency to be certain that the loop has not locked on a subharmonic.

+3 — [ p—
O_

DATA SEPARATCR SINGLE-SHOTS

To adjust the single-shots, first disconnect the disk drives and jumper U5-10
to pin 46 on the disk cable connector (Jl1). This is a .25MHz square wave that sim-
ulates data pulses from the disk. Next connect the scope to TPI6 which should
display positive-going pulses approximately luS wide and exactly 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 1.0uS8. If 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 VCO ADJUSTMENT

The center frequency of the VCO in the data separator needs to be adjusted to
2MHz for best data recovery reliability. When making this adjustment, there should
be no read data pulses coming into the K-1013. If necessary the disk drives should
be discomnected. With power on and the scope connected to U54-12, adjust R49 until
a IMHz square wave is seen. The VOO output itself should not be probed during
adjystment since the added load capacitance will shift its frequency slightly. If
C94 has been added for minifloppy operation, adjust R49 for a .5MHz square wave.
After adjustment, double check the DC error voltage at TP17 which should be 2.5
volts. If it is not 2.5 volts or it is varying, verify that pulses are not being
received on the READ DATA line.
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TROUBLESHOOTING

Before being shipped, all K-1013 are actually plugged into a system and the
disk diagnostic in the back of this manual run. CODOS is also loaded and executed.
Finally the on-board memory is checked 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 connected. Try locking at every 4K 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 U18 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 the 8mHz
clock adjustment (see Adjustments section).

If the memory test program fails and the addressing jumpers have been changed,
make sure it is testing the right addresses. If the error is consistantly at one
bit, then the corresponding memory chip should be replaced. Use a 4116 type 4K RAM
with a 200NS 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 Level 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 failed, then either
the drive is not recognizing step pulses or the track 0 sensor is not 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 O sensing. If the random seek 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-in-step-ocut to step~and-direction translator was con-
structed, step-in may not be working.

If the Format test ({Level 2) fails or hangs up, the likely cause is no index
pulses reaching the K-1013. Make sure the diskette is not 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 O4 00 or 40 01 01 then it is likely that the
Format test 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.
1f the problem persists, check the single-shot and VCO adjustments in the data sep-
arator.

If all parts of the disk test program operate satisfactorily but the CODOS

distribution diskette cannot be read, the drive is probably out of alignment. See
the service manual supplied with the drive for alignment instructions.
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PROCESSOR INTERFACE

uPD 765 DATA SHEET

uPD765

During Command or Result Phases the Main Status Register (described earlier) must be
read by the processor before each byte of information is written into or read from the
Data Register. Bits D6 and D7 in the Main Status Register must beina 0 and 1 state,
respectively, before each byte of the command word may be written into the uPD765.
Many of the commands require multiple bytes, and as a result the Main Status Register
must be read prior to each byte transfer to the uPD765. On the other hand, during the
Result Phase, D6 and D7 in the Main Status Register must both be 1's (D6 =1and

D7 = 1) before reading each byte from the Data Register. Note, this reading of the
Main Status Register before each byte 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 uPD765 is reading data
from FDD) is indicated by an Interrupt signal on pin 18 {INT = 1). The generation of a
Read signal (RD = 0) wil! reset the Interrupt as well as output the Data onto the Data
Bus. If the processor cannot handle Interrupts fast enough (every 13 us) then it may
poll the Main Status Register and then bit D7 (ROM) functions just like the Interrupt
signal. If a Write Command is in process then the WR signal performs the reset to the
Interrupt signal.

If the uPD785 is in the DMA Mode, no Interrupts are generated during the Execution
Phase. The uPD765 generates DRQ's (DMA Requests) when each byte of data is avail- .
abie. The DMA Controller responds to this request with both a DACK = 0 (DMA
Acknowledge) and a RD = 0 (Read signa!). When the DMA Acknowledge signal goes
low (DACK = 0) then the DMA Request is reset (DRQ = 0). If a Write Command has
been programmed then a'WR signal will appear instead of RD. After the Execution
Phase has been completed (Terminal Count has occurred) then an Interrupt will occur
(INT = 1}. This signifies the beginning of the Resuit Phase. When the first byte of data
is read during the Result Phase, the interrupt is automatically reset (INT = 0.

It is important to note that durir;g the Result Phase alt 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 2PD 765 will not accept a new command until all seven
bytes have been read. Other commands may require fewer bytes to be read during the
Result Phase.

The 4PD765 contains five Status Registers. The Main Status Register mentioned above
may be read by the processor at any time. The other four Status Registers (STO, ST1,
ST2, and ST3) are only availabie during the Result Phase, and may be read only after
successfully completing a command. The particular command which has been executed
determines how many of the Status Registers will be read.

The bytes of data which are sent to the pPD765 to form the Command Phase, and are
read out of the uPD 765 in the Result Phase, must occur in the order shown in the Com-
mand Table. That is, the Command Code must be sent first and the other bytes sent in
the prescribed sequence. No foreshortening of the Command or Result Phases are
allowed. After the last byte of data in the Command Phase is sent to the uPD765, the
Execution Phase automatically starts. In a similar fashion, when the last byte of data is
read out in the Result Phase, the command is automatically ended and the uPD765 is
ready for 2 new command,
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4 PD765

INSTRUCTIONSET ® @

1 DATA gUS | t DATA BUS 1
prase | Aw [ D7 Dg D5 04 D3 D2 Dy Dp | REMARKS puase | RW] Dy Dg Os Dy Dy Dy Dy Dp | REMARKS
READ DATA AEAD A TRACK
Command [ W ( MT MF SK 0 ©& 1 1 o Command Codes Command w 0 MFSK O 0 0 1 0 Command Codes
w X X X X X HD US1 USD w X X X X X HD USt USo
w c Sector 1D informaton prior w [ Sector 1D prior
w H to Commang execution w H to Command execution
w w R
t w w N
I w 0T w EOT
w GPL w GPL
w DTL w DTL
Executian Data transter betweer: the Execution Data-transter berween the
£DD and main system FDD and main-sysrem. FOC
reads all of cylinders conzents
! Result H ST O Status i E) afier from index hotédto ECT
i R ST 1 Command execution
| R ST 2 Result ] sT0 Status infarmation atzer
: R < Sector |ID after R 3T C ¥
i R H Command execution R sT?
R R A c Sector 10 information after
” N ] H Command execuiion
READ DELETED DATA : :
Commend | W {MT MF SK 0 1 1 0 0 | CommanaCodes
READ 1D
w | x x x x x HD UST USO
i Command w 0 MF 8 0 1 0@ 1 Q Commands
w < Secror 1D aten peor )
w H 1o Command execution w x X X X X HD Ust Uso
w : Execton The first correct 1D informatian
w on the Cylinder s stored in
w g0t s
Daza Register
w GPL
w DL Result R sTo Status informat.on atter
[ ST Command executior
| Execution Data transfer between the R sT2 ‘
. FDO and main-system 2 c Sector 1D informanon durng |
| Result ] STO Status | ation after : i ExecutionEoase }
R ST 1 Command execution R ‘
R sT2 R N |
® c Sector 1D informaion after FORMAT A TRACK 5 ]
H 2 : Command execution Commana | W 9 MF 0 0 1 1 O 1 Command Cades
. W | X X X X X HD ust uso
' R N
Il WRITE DATA w N ¥
} w sc Sectors/Track
‘Commsnd| W |[MT MF 0 O 0 t © 1 | CommandCodes w GPL Gap 3
; w X X X X X HD USI USO w 2} Filler Byte H
i . N Sector ID information prior | g o irign FDC formats an entuve cylinder
H w H to Command execution
w R Result R sTO Status informanon after
w f R ST execution
w EOT R sT2
i w GPL R c In this case, the 1D informstion
' w oTL R " has no meaning
R R
Execution Data-transter between the R
main-system and F DD
SCAN EQUAL
sl : i bekaiii f st Command | W | MT MF SK 1 0 © 0 1 | CommandCodes
H t 2 w | X X X X X HD US! UsO
R c Sector 1D information after w c Sector 1D information prior
R H Command & i w H to Command execution
R R w
A N w N
w EOT
RITE DELETED DATA
WAITE DELETE & by
Command] W |MT MF 0 0 31 0 ©0 1 | CommandCodes w STP
W | X X X X X HD US! USO
Execution Deta-compared between the
w c Sector |D nformation prior FOD snd main-system
w 1o Command execution
w R Result R sTO Status information atter
w N L ST Command sxecution
w EOT R sT2
w, GPL . A ¢ Sector 1D information afrar
w oTL R H Command axecution
R R
Execution Data-transfer between the R N
FDD snd main-system
Result ] sTo Status intormation atter
] sT1 Command i
R sT2
R od Sactor 1D information sfter
R H
R ]
B N

Note: (1) Symbeois used in this tabie are described a1 the #nd of this mc:

@ Ag shoutd eauat binary t for ¥l operstions.
@ X = Don't care. usuatly made (o squst binary 0.
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INSTRUCTION SET
(CONT.)

WPD765

| DATA BUS 1 DATA BUS {
PHASE aw | D; Og Dg Dy D3 Dz D4 Do | REMARKS PHASE Am | Dy Dy D O4 D3 Dz D1 Do 1 REMARKS
SCAN LOW OR EQUAL RECALIBRATE
Command|{ W | MT MF SK 1 1 0 © 1 Command Codes Commang; W o o 0o o0 0 1 1 1 Commangd Codes
w | x Xx X X x HD ust uso w I x x X x x o Uust Uso
:" [ i.cm( IDAiMnmu‘lion orior | e peution Head retracted to Track O
w SENSE INTERRUPT STATUS
w Commang] W | 0 0 O © 1 © © O | CommandCodes
w EOT-
w GPL. Result L §TO Status i 21 the eng
w STP A PCt of seex-operation about the FDC
Exscution D betwsen the SHECIEY .
FDO and main-system Command| W o o 0 0 0 0 1 1 Command Codes
. —_— ———————— e
Rasult R sT Status information after x SRJ T HUTND
-
R ST1 Command i
R sT2 SENSE DRIVE STATUS
A C Sector ID information after [ Commana] — w 5 0 © 0 © 1 0 0 | CommendC
R i Command execution
R R w X X X X X HD USY USO
R N
Result ST 3 Status abouTFDD
SCAN HIGH OR EQUAL
SEEK
Command | W | MT MF SK 1 1 1 0 1 Command Codes . ? — 0 . =
= L 3 1 odes
w | x X X X x HD us' uso ommand) W ! Renmene
w X X X X HD us1 Uso
w Sector 1D information prior N
w H Command execution w NG
w R Execution, .
w N Head is positioned over
w s propes Cylinder on
w i Diskerte
w sTP
INVALID
Exacution Dara-compared between the [ooriongl w Invalid Codes Tmvalid Cammand Codes
FDO and main-system iNoOp — FDC goes into
Result R sT Status information atter Stndby State)
R sT1 Command execution e
Result R sTO STO=80
R sT2 net
R c Sector |D informatian after
R H Command execution
] L
R N
COMMAND SYMBOL symBoL NAME DESCRIPTION !
DESCRIPTION Ao ‘Adaress Line 0 ‘A comrols seiection of Main Status 7
Reg:ster {Ag = ) or Data Register !
wAg = 10 |
c Cylinder Number C stends ‘o1 the currem selected Cylnoer |
itrack” rumner O through 76 of tne
medturm.
[3} Data 17D stands for the data pattern which 5
go.ng to be wrillen into 3 Sector
D7 Oo Data Bus 8-kt Data Bus, where D7 stands for s most
signiS-cant but, ang D stands for a least
significant bit
oTL Data Length When N s defined as 00, DTL stands for
the gata length which users are going to
read out or write into the Sector
EOT End of Track EOT stands for the final Sector number
on 3 Cylinder
GPL Gap Length GPL stands for the tength of Gap 3
(spacing between Sectors excluding VGO
Sync. Field].
H Head Address W stands for head number D or 1, s
specitied i 1D field
HD Head HD stands for a selected head number 0
or 1. (H = HD i aif commang words |
HLT Head Load Time HLT stands for the head ioad time n the
FDD i2 to 256 ms in 2 ms increments}
HUT Head Unioac Time | HUT stands for the head unload time
after a read or write operation has
occurred {010 240 ms in 168 ms
increments}
MF FM or MFM Mode If MF i Tow, FM mode 15 selected, and if
it is hegh, MFM mode is selecied,
MT Multi-Track 14 MT is fugn, a multi-track operation is 1o
be performed. (A cylinder under both
HDO and HD1 will be read or wrtten )
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NAME

DESCRIPTION

| symsoL |
}
T

Number

N stars for the number ot data bytes
written in a Sector

NCN

New Cylinder Number

NCN stands tor a new Cylinder number,
which 15 going 1o be reached as a result of the
Seek operation. Desired position of Head

ND

-t

Non DMA Mode

ND stands for operation in the Non-DMA Mode.

PCN

Present Cylinder
Number

PCN stands for the Cylinder number at the com-
pletion of SENSE INTERRUPT STATUS
Command. Position of Head at present time,

Record

R stands for the Sector number, which will
be read or written.

R

Read Mrite

R/W stands for either Read (R} or Write (W)
sigral.

Sector

SC indicates the number of Sectors per
Cylinder,

5K

Sk-o

SK stancs for Skip Deleted Data Address Mark

Step Rate Time

SRT stands ‘or the Stepping Rate for the FOD. |
{1 to 16 ms in 1 ms increments. ) Must be
definea for each of the four drives.

ST 0-2 stand for one of four registers which
store the staius information afier a command
has beer. executed. This information is 1
availatne during the result phase after command |
execution. These registers shouid not be con
fased vr th the main status register (selected by
A = 0). ST -3 may be read aniy after a com-
mand kas been executed and contain information
relevant 1o that particuiar command

5TP

During 8 Scan operation, if STP = 1, the data in
contiguous sectors is compared byte by byte
with data sent from the processor {or DMA},
ana if STP = 2, then alternate sectors are read
and compared.

use. Us1

Unit Select

US stands for & selected drive number Oor 1.

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

BIT NUMBER [ NAME SYMBOL DESCRIPTION

DBy | FDDOBusy DB FDD number O is in the Seek mode

DB FDD 1 Busy D18 FOD number 115 in the Seek mode.

DBz FDD 2 Busy D28 FDD number 2 is in the Seek mode

DB3 FDD 3 Busy D3B | FDD number 3 1s in the Seek mode

D84 FOC Busy cB A read or write command is in
process.

DBy MNon-DMA mode NDM The FDC is in the non-DMA mode.

DBg Data Input/Output DIO Indicates direction of data transfer
between FDC and Data Register !f
DO = 1" then transfer 15 from
Data Register 10 the Processor. If
DO = ~0", then transfer is from the
Processor 1o Data Register i

DBy Request for Master RQM Indicates Data Register is ready 10

send or receive data to or from the
Processor. Both bits DIO and RQM
should be used to perform the hend-
shaking functions of “ready’” and

“ “direction’ to the processor

The DIO and ROM bits in the Status Register indicate when Data is ready and in which
direction data will be transferred on the Data Bus

COMMAND SYMBOL
DESCRIPTION (CONT.)



STATUS REGISTER
IDENTIFICATION

K PD765

BIT

NO. | NAME [ SymeoL

DESCRIPTION

STATUS REGISTER O

D7

Dg

Interrupt
Code

D7=0andDg=0
Normat Termination of Command, {NT). Com-
mand was completed and properly executed.

D7=0and Dg=1 .
Abnormal Termination of Command, (AT).
Execution of Command was started, but was not
successfully completed.

D7=1andDg=0
Invalid Command issue, {IC). Command which
was issued was never started, :

D7=1andDg=1

Abnormal Termination because during command
execution the ready signal from FDD changed
state.

Ds

Seek End

SE

When the FDC comptetes the SEEK Command,
this flag is set to 1 {high).

Ds

Equipment
Check

EC

If a fault Signal is received from the FDD, or if
the Track O Signal fails to occur after 77 Step
Pulses {Recalibrate Command} then this flag is
set.

D3

Not Ready

NR

When the FDD is in the not-ready state and a
read or write c&'nmand is issued, this flag is set.
If a read or write command is issued to Side 1 of
a single sided drive, then this flag is set.

Head
|Address

HD

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

Unit Select 1

Us1 .

Unit Select 0] . USO

These flags are used to indicate a Drive Unit
Number at Interrupt

STATUS REGISTER 1

End of
Cylinder

EN

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

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

Data Error

DE

When the FDC detects a CRC error in either the
ID field or the data field, this flag is set.

[Over Run

OR

If the FDC is not serviced by the main-systems
during data transfers, within a certain time
interval, this flag is set.

D3

Not used. This bit always 0 (low).

D2

No Data

ND

During execution of READ DATA, WRITE
DELETED DATA or SCAN Command, if the
FDC cannot find the Sector specified in the IDR
Register, this flag is set.

During executing the READ 1D Command, if
the FDC cannot read the ID field without an
ervor, then this flag is set.

During the execution of the READ A Cylinder
Command, if the starting sector cannot be

found, then this flag is set.

3N
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kS DESCRIPTION
no. | NAME | symBOL
STATUS REGISTER 1 (CONT.)
D1 Not NwW During execution of WRITE DATA, WRITE
Writable DELETED DATA or Format A Cylinder Com-
mand, if the FDC detects a write: protect signal
from the FDD, then this flag is set.
Do Missing MA If the FDC cannot detect the |D Address Mark
Address after encountering the index hole twice, then
Mark this flag is set.
If the FDC cannot detect the Data Address Mark
or Deleted Data Address Mark, this flag is set,
Also at the same time, the MD (Missing Address
Mark in Data Field) of Status Register 2 is set.
STATUS REGISTER 2
D7 Notused. This bit is always 0 {low),
Dg Control (o1, During executing the READ DATA or SCAN
Mark Commiand, if the FDC encounters a Sector which |
cantains a Deleted Data Address Mark, this
| flag is set.
Dg Data Error in } DD it the FDC detects « CRC error in the data field
Data Field J then this ftag is set.
Da | Wrong weC This bit 1s refated with the ND bit, and when the
Cylinder i contents of C on the medium is different from
! that stored in the IDR, this flag is set.
D3z ! Scan Equal SH During execution, the SCAN Command, if the
Hit ' condition of “equal” is satisfied, this flag is set.
D2 Scan Not SN During executing the SCAN Command, if the
Satisfied FDC cannot find a Sector on the cylinder which
meets the condition, then this flag is set.
D1 Bad 8C This bit is related with the ND bit, and when the
Cylinder content of C on the medium 1s different from
that stored in the IDR and the content of C is
FF, then this tlag is set.
Dg Missing MD When data is read from the medium, if the FDC
Address Mark cannot find a Data Address Mark or Deleted
in Data Field Data Address Mark, then this flag is set.
STATUS REGISTER 3
D7 | Fauit FT This bit is used to indicate the status of the
| Fault signal from the FDD.
Dg Write WP This bit is used to indicate the status of the
Protected Write Piotected signal from the FDD
Ds Ready RY This bit is used to indicate the status of the
Ready signal from the FDD.
Dg | Track O TO This bit 1s used to indicate thg status of the
Track O signal from the FDD.
D3 | Two Side TS This bit is used 1o indicate the status of the
Two Side signal from the FDD.
D2 | Head Addressi HD This bit is used to indicate the status of Side
Select signal 10 the FDD.
D1 Unit Select 1 us This bit is used to indicate the status of the Unit
Select 1 signal to the FDD.
Dg | Unit Select 0 uso This bit is used to indicate the status of the Unit
Select O signal to the FDD. '
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READ DATA

A set of nine (9) byte words are required 1o place the FDC into the Read Data Mode. After the Read Data
command has been issued the FDC loads the head (if it is in the uniocaded state), waits the specified head
settling time (defined in the Specify Command), and begins reading 1D Address Marks and 1D fields. When
the current sector number (R} stored in the |D Register {1DR) compares with the sector number read off
the diskette, then the FDC outputs data {from the data field) byte-to-byte to the main system via the data
bus.

Atter completion of the read operation from the current sector, the Sector Number is incremented by one,
and the data from the next sector is read and output on the data bus. This continuous read function is called
a *Multi-Sector Read Operation.” The Read Data Command may be terminated by the receipt of a Terminal
Count signal. Upon receipt of this signal, the FDC stops outputting data to the processor, but will continue
1o read data from the current sector, check CRC {Cyclic Redundancy Count) bytes, and then at the end of
the sector terminate the Read Data Command.

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

Multi-Track | MFM/FM | Bytes/Sector Maximum Transter Capacity Final Sector Read

MT MF N {Bytes/Sector) (Number of Sectors) from Diskette
0 0 00 (128} {26} = 3,328 26 at Side 0

" 4 1 01 (256) (26) = 6,656 or 26 at Side 1

i 1 0 00 (128) (52) = 6,656

i . .

i 1 1 01 (256) (52} = 13,312 25/t Sider]
[} 0 o1 {256) (15) = 3,840 15 at Side 0
0 1 02 (512) (15) = 7,680 or 15 at Side 1
1 0 01 (256) (30) = 7,680 .
1 1 02 (512} (30} = 15,360 158 Side s
0 ] 02 (512) (8) = 4,096 8 at Side 0
0 1 03 (1024) (8) = 8,192 or 8 at Side 1

| 1 0 02 (512) (16) = 8,192 .

o 1 03 (1024) (16) = 16,384 B st doesh

Table 1. Transfer Capacity

The “‘multi-track’’ function (MT) allows the FDC 1o read data from both sides of the diskette. For a
particular cylinder, data will be transferred starting at Sector 0, Side 0 and completing at Sector L, Side 1
{Sector L = last sector on the side). Note, this function pertains to only one cylinder (the same track} on
each side of the diskette.

When N = §, then DTL defines the data length which the FDC must treat as a sector. If DTL is smaller than
the actual data length in a Sector, the data beyond DTL in the Sector, is not sent to the Data Bus. The FDC
reads (internally} the complete Sector performing the CRC check, and depending upon the manner of com-
mand termination, may perform a Multi-Sector Read Operation. When N is non-zero, then DTL has no
meaning and should be set to FF Hexidecimal.

At the completion of the Read Data Command, the head is not unioaded until after Head Unload Time
Interval {specified in the Specify Command) has elapsed. |f the processor issues another command before
the head unloads then the head settling time may be saved between subsequent reads. This time outis
particularly valuabie when a diskette is copied from one drive to another.

1f the FDC detects the Index Hole twice without finding the right sector, (indicated in “R’’), then the FDC
sets the ND (No Date) flag in Status Reaister T to a 1 {high), and terminates the Read Data Command.
(Status Register O aiso has bits 7 and 6 set to 0 and 1 respectively.)

After reading the tD and Data Fields in each sector, the FDC checks the CRC bytes. If a read error is
detected {incorrect CRC in ID field), the FDC sets the DE (Data Error) flag in Status Register 1 toa 1 (high),
and if a CRC error occurs in the Data Field the FDC afso sets the DD (Data Error in Data Field) flag in
Status Register 2 to a 1 (high), and terminates the Read Data Command. (Status Register 0 also has bits 7
and 6 set to 0 and 1 respectively.)

Status Register 2 to a 1 (high), and terminates the Read Data Command.

1 the FDC reads a Deleted Data Address Mark off the diskette, 8nd the SK bit (Bit D5 in the first Command
Word} is not set {SK = 0), then the FDC sets the DM (Controt Mark) flag in Status Register 2 to a 1 (high),
and terminates the Read Data Command, after reading all the data in the Sector. If SK = 1, the FDC skips
the sector with the Defeted 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 processor every 27 us in the FM Mode, and every 13 us in the MFM Mode, or the FDC sets the OR
{Over Run) flag in Status Register 1 to a 1 (high), and terminates the Read Data Command.

If the processor terminates a read (or write) operation in the FDC, then the 1D Information in the Result
Phase is dependent upon the state of the MT bit and EOT byte. Table 2 shows the values for C, B, R, and

N, when the processor terminates the Command.
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FUNCTI ONAL 1D Information at Result Phase
DESCRIPTION OF MT EOT Final Sector Transferred to P, s " 5 N
COMMANDS (CONT.)
1A Sector 1 to 25 at Side 0
of Sector 1 to 14 at Side 0 NC NC R+1 NC
08 Sector 1 to 7 at Side 0
1A Sector 26 at Side 0
OF Sector 15 at Side O C+1 NC R=01 NC
" o8 Sector B at Side 0
1A Sector 1 to 25 at Side 1
OF Sector 1to 14 at Side 1 NC NC R+1 NC
08 Sector 1 to 7 at Side 1
tA Sector 26 at Side 1 i
OF Sector 15 at Side 1 C+1 NC R=01 NC |
08 Sector 8 at Side 1 i
1A Sector 1 to 25 at Side 0 ﬁ\\
OF Sector 1 to 14 at Side 0 NC NC R+1 NC |
08 Sector 1 to 7 at Side 0
1A Sector 26 at Side 0 .
oF Sector 15 at Side 0 NC LS8 R=01 NC
s 08 Sector 8 at Side {
1A Sector 1 to 25 at Side 1
OF Sector 1 to 14 at Side 1 NC NC R+1 NC
Sector 110 7 at Side 1
1A Sector 26 at Side 1
oF Sector 15 at Side 1 C+1 LsB R~=01 NC
08 Sector B at Side 1

Notes: 1 NC {No Change): The same value as the one at the beginning of command execution.’
2 LSB (Least Significant Bit): The least significant bit of H is complemented.

Tabie 2 ID Information When Processor Terminates Command
WRITE DATA

A set of nine (9) bytes are required to set the F DC into the Write Data mode. After the Write Data command
has been issued the FDC loads the head (if it is in the unloaded state), waits the specified heat settiing time
(defined in the Specify Command), and begins reading 1D Fields. When the current sector number (“R"),
stored in the 1D 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 1o the FODD.

After writing data into the current sector, the Sector Number stored in "R" is incremented by one, and the
next data field is written into. The FDC continues this ““Multi-Sector Write Operation” until the issuance of
a Terminal Count signzl, If a Terminal Count signal is sent to the FDC it continues writing into the current
sector to complete the dats field, {f the Terminal Count signal is received while & data field is being written
then the remainder of the data field is filled with 00 (zeros).

The FDC reads the ID field of each sector and checks the CRC bytes. If the FOC detects & read error
{incorrect CRC) in one of the {D Fields, it sets the DE (Data Error) viag of Status Register 1 to a 1 {(high),
and terminates the Write Data Command. (Stetus Register 0 also has bits 7 'and 6 set to 0 and 1 respectively.}
The Write Command operates in much the same manner as the Read Command. The following items are the
same, and one should refer 1o the Read Data Command for details:

+ Transter Capacity o Head Unload Time Interval
e EN {End of Cylinder) Flag « D Information when the processor terminates command (see Table 2}
s ND (No Data) Flag « Definition of DTL when N = 0 and when N #0

in the Write Data mode, data transfers between the processor and FDC, via the Data Bus, must occur every
31 us in the FM mode, and every 15 us in the MFM mode. If the time interval between data transfers is
longer than this then the FDC sats the OR (Over Run) fiag in Status Register 1 to & 1 thigh), and terminates
the Write Data Command, (Status Register O also has bit 7 and 6 set to 0 and 1 respectively.)

WRITE DELETED DATA

This command is the same as the Write Data Command except 3 Deleted Dats Address Mark is written at the
beginning o the Data Field instead of the normal Data Address Mark.

READ DELETED DATA

This command is the same as the Read Data Command except that when the FDC detacts a Data Address
Mark gt the beginning of a Data Field {and SK = 0 {1ow), it wilt read all the data in the sector and set the
MD flag in Status Register 2 to a 1 (high}, and then terminate the command. 1f SK =1, then the FDC skips
the sactor with the Data Address Mark and resds the next sector.
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AEARA'TRACK FUNCTIONAL
This command is similar to READ DATA Command except that this is a2 continuous READ operation D ESCR IPTI ON OF
where the entire contents of the track are read. Immediately atter encountering the INDEX HOLE, the COMMAN DS (CDNT )

FDC starts reading all data on the track, Gap bytes, Address Marks and Data are all read as & continuous
data stream. If the FDC finds an error in the 1D or DATA CRC check bytes, it continues to read data
from the track. The FDC compares the 1D information read from each sector with the value stored in the
IDR, and sets the ND flag of Status Register 1 to a 1 thigh) if there is no comparison. Multi-track or skip
operations are not allowed with this command.

This command terminates when EOT number of sectors have been read (EQTmax = FFhex = 255gech
if the FDC does not find an ID Address Mark on the diskette after it encounters the INDEX HOLE for the
second time, then it sets the MA [missing address mask) flag in Status Register 1 to a 1 {high}, and termi
nates the command. (Status Register 0 has bits 7 and 6 set to 0 and 1 respectively}.

READ ID

The READ |D Command is used to give the present position of the recording head. The FDC stores the
values from the first ID Field it is able to read. 1t no proper ID Address Mark is found on the diskette,
before the INDEX HOLE is encountered for the second time then the MA (Missing Address Mark) flag in
Status Register 1 is set toa 1 (high), and if no data is found then the ND (No Data) flag is also set in Status
Register 1 to a 1 (high). The command is then terminated with Bits 7 and 6 in Status Register 0 setto 0
and 1 respectively.

FORMAT A TRACK
The Format Command allows an entire track 10 be formatted. After the INDEX HOLE is detected, Data is
written on the Diskette; Gaps, Address Marks, |1D Fields and Data Fields, all per the IBM System 34 (Double
Density) or System 3740 (Single Density} Format are recorded. The particular format which will be written
is controlled by the values programmed into N (number of bytes/sector), SC (sectorsfeylinder), GPL {Gap
Length), and D (Data Pattem) which are supplied by the processor during the Command Phase. The Data
Field is filled with the Byte ot data stored in D. The ID Field for each sector is supplied by the processor;
that is, four data requests per sector are made by the FDC for C (Cylinder Number}, H (Head Number},
R {Sector Number) and N (Number of Bytes/Sector). This allows the diskette to be formatted with non-
sequential sector numbers, if desired.
After formatting each sector, the processor must send new values for C, H, R, and N to the uPD7866 for
each sector on the track. The contents of the R register is incremented by one after each sector is
formatted, thus, the R register contains a value of R + 1 when it is read during the Result Phase. This
incrementing and formatting continues for the whole cylinder until the FDC encounters the INDEX HOLE
for the second time, whereupon it terminates the command.

If a FAULT signal is received from the FDD at the end of a write operation, then the FDC sets the
EC flag of Status Register 0 to a 1 {high}, and terminates the command after setting bits 7 and 6 of Status
Register 0 to 0 and 1 respectively. Also the loss of a READY signal at the beginning of a command
execution phase causes bits 7 and 6 of Status Register O to be set to 0 and 1 respecitvely.

Table 3 shows the relationship between N, SC, and GPL for various sector sizes:

FORMAT SECTOR SIZE N SC crL M| orL @) REMARKS
128 bytes/Secror | 00 | 1A(16) 07 1) 1B(16) IBM Diskerte 1
FM Mode | 256 01 | OF(1g) OE(16) ) 2A(16) 1BM Diskette 2
512 02 | 08 1B{16} 3A(16)
1024 bytes/Sector | 03 | 04 - -
FM Mode | 2048 04 | 02 - -
4096 05 | 01 - -
256 01 | 1A(16) | OE(15) 36(16) IBM Diskette 2D
512 02 | OF(15) 1B(16) 54(16) -
1024 i
MEM Mode 03 | 08 35(16) 74{18) | IBM Diskette 2D
2048 04 | 04 - -
4096 05 | 02 - -
8192 06 | 01 - s

Table 3

Note: (D Sugnested values of GPL in Read or Write Commands to avoid splice point between data field
and D field of contiguous sections.

(D Supgested values of GPL in format command.



FUNCTIONAL
DESCRIPTION OF
COMMANDS {CONT.)

pPD765

SCAN COMMANDS

The SCAN Commands allow data which is being read from the diskette to be compared against data which
is being supplied from the main system {Processor in NON-DMA mode, and OMA Controller in DMA mode)
The FDC compares the data on a byte-by-byte basis, and looks for a sector of data which meets the condi-
tions of DFPD = DProcessor. DFDD < DProcessor, of DFDD 2 DProcessor. Ones complement arith-
metic is used for comparison (FF = |argest number, 00 = smallest number). After a whole sector of data
is compared, if the conditions are not met, the sector number is incremented (R + STP - R), and the scan
operation is continued. The scan operation continues untif ane of the fallowing conditions occur; the con-
ditions for scan are met {equal, low, or high), the last sector on the track is reached (EOT), or the terminal
count signal is received.

If the conditions for scan are met then the F DC sets the SH (Scan Hit) flag of Status Register 2t0 a 1
{high), and terminates the Scan Command. If the conditions for scan are not met between the starting
sector (as specified by R) and the last sector on the cylinder (EOT!, then the FDC sets the SN (Scan Not
Sarisfied) flag of Status Register 2 to a 1 (high), and terminates the Scan Command. The receipt of a
TERMINAL COUNT signal from the Processor or DMA Controller during the scan operation will cause the
FDC to 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
BIT2 = SN BIT3 = SH
0 1 DFbb = DProcessor
Scan Equal
1 0 DFpD * DProcessor
0 1 DFpD = DProcessor
Scan Low or Equal 1] o] DFDD < DProcessor
1 o DFEDD ¥ DProcessor
0 1 DEDD = DProcessor
Scan High or Equal 0 0 DFpp < DProcessor
1 o DFDD # DProcessor

Table 4

If the FDC encounters a Deleted Data Address Mark on one of the sectors {and SK = 0}, then it regards the
sector as the last sector on the cylinder, sets CM (Control Mark) flag of Status Register 2 to a 1 (high) and
terminates the command. If SK = 1, the FDC skips the sector with the Deleted Address Mark, and reads
the next sector. In the second case {SK = 1), the FDC sets the CM (Control Mark) flag of Status Register 2
10 a 1 (high) in order 1o show that a Deleted Sector had been encountered.

When either the STP (contiguous sectors = 01, or alternate sectors = 02 sectors are read) or the MT (Multi-
Track} are programmed, it is necessary to remember that the {ast sector on the track must be read. For
example, if STP = 02, MT = 0, the sectors are numbered sequentially 1 through 26, and we start the Scan
Command at sector 21; the following will happen. Sectors 21, 23, and 25 will be read, then the next sector
(26) wili be skipped and the Index Hole will be encountered before the EOT value of 26 can be read. This
will result in an abnormal termination of the command. If the EOT had been set at 25 or the scanning
started at sector 20, then the Scan Command would be compieted in a normal manner.

During the Scan Command data is supplied by either the processor or DMA Controlier for comparison
against the data read from the diskette. 1n order to avoid having the OR (Over Run) flag set in Status
Register 1, it is necessary to have the data available in less than 27 us (FM Mode) or 13 us (MFM Mode) 1f
an Overrun occurs the FDC ends the command with bits 7 and 6 of Status Register 0 set to O and 1,
respectively.

SEEK

The read/write head within the FOD is moved from cylinder to cylinder under control of the Seek
Command. The FOC compares the PCN {Present Cylinder Number} which is the current head position
with the NCN (New Cylinder Number), and if there is a difference performs the following operation:

PCN <. NCN: Direction signal to FDD set to a 1 {high), and Step Pulses are issued. (Step in.)
PCN > NCN: Direction signal to FDD set to a 0 (low), and Step Pulses are issued. (Step Out.)

The rate at which Step Pulses are issued is controlled by SRT (Stepping Rate Time) in the SPECIFY Com-
mand. After each Step Pulse is issued NCN is compared against PCN, and when NCN = PCN, then the SE
{Seek End) flag is set in Status Register 0 10 a 1 (high}, and the command is terminated.

During the Command Phase of the Seek operation the FDC is in the FDC BUSY state, but during the
Execution Phase it is in the NON BUSY state, While the FDC is in the NON BUSY state, another Seek
Command may be issued, and in this manner paraliel seek operations may be done on up to 4 Drives at
once.

1 an FDD is in a NOT READY state at the beginning of the command execution phase or during the seek
operation, then the NR (NOT READY) flag is set in Status Register O to a 1 {high), and the command is
terminated after bits 7 and 6 of Status Register 0 are set to 0 and 1 respectively.
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RECALIBRATE

The function of this command is to retract the read /write head within the FDD to the Track 0 position,
The FDC clears the contents of the PCN counter, and checks the status of the Track O signal from the
FDD. As long as the Track 0 signal is low, the Direction signal remains 1 thigh) and Step Pulses are issued.
When the Track 0 signal goes high, the SE {SEEK END)} fiag in Status Register 0 is set to a 1 (high) and the
command is terminated. 1f the Track O signal is still low after 77 Step Pulse have been issued, the FDC sets
the SE (SEEK END) and EC (EQUIPMENT CHECK) flags of Status Register 0 to both 1s (highs), and
terminates the command atter bits 7 and 6 of Status Register 0 is set to 0 and 1 respectively.

The ability to do averlap RECALIBRATE Commands to multiple FDDs and the loss of the READY signal,
as described in the SEEK Command, also applies to the RECALIBRATE Command.

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

1. Upon entering the Result Phase of:
a. Read Data Command
Read a Track Command
Read 1D Command
Read Deleted Data Command
Write Data Command
Format a Cylinder Command
Write Deleted Data Command
h. Scan Commands
2. Ready Line of FDD changes state
3. End of Seek or Recalibrate Command
4. During Execution Phase in the NON-DMA Mode

v P ano

Interrupts caused by reasons 1 and 4 above occur during normal command operations and are easily dis-
cernible by the processor. However, interrupts caused by reasons 2 and 3 above may be uniquely identified
with the aid of the Sense Interrupt Status Command. This command when issued resets the interrupt signal
and via bits B, 6, and 7 of Status Register 0 identifies the cause of the interrupt.

INTERRUPT CODE
SEEK END CAUSE
BIT 5 BIT6 BIT 7
0 1 1 Ready Line changed state, either polarity
1 0 0 Normal Termination of Seek or Recalibrate Command
1 1 0 Abnormal Termination of Seek or Recalibrate Command

Table 5

Neither the Seek or Recalibrate Command have a Result Phase. Therefore, it is mandatory to use the Sense*

Interrupt Status Command after these commands to effectively terminate them and to provide verification
of 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
Time} defines the time from the end of the Execution Phase of one of the Read/Write Commands to the
head unicad state. This timer is programmable from 0 to 240 ms in increments of 16 ms (00 =0 ms, 01=
16 ms, 02 = 32 ms, etc.). The SRT (Step Rate Time) defines thd time interval between adjacent step
puises. This timer is programmable from 1 to 16 ms in increments of Tms (F= 1 ms, E=2ms, D =3 ms,
etc.). The HLT (Head Load Time} defines the time between when the Head Load signat goes high and when
the Read/Write operation starts. This timer is programmable from 2 to 256 ms in increments of 2 ms
(00=2ms, 01 =4ms, 02=6 ms, etc.).

The time intervals mentioned above are a direct function of the clock {CLK on pin 19). Times indicated
above are for an 8 MHz clock, if the clock was reduced to 4 MHz (mini-floppy application) then all time
intervals are increased by a factor of 2

The choice of DMA or NON-DMA operation is made by the ND (NON-DMA) bit When this bit is high
(ND = 1) the NON-DMA mode is selected, and when ND = 0 the DMA mode is sefScted.

SENSE DRIVE STATUS

This command may be used by the processor whenever it wishes to obtain the status of the FDDs.

Status Register 3 contains the Drive Status information.

INVALID

If an invalid command is sent to the FDC (a command not defined above), then the F DC will terminate the
command atter bits 7 and 6 of Status Register 0 are set to 1 and 0 respectively. A Sensa Interrupt Status
Command must be sent after a Sesk or Recalibrate Interrupt, otherwise the FDC will consider the next
command to be an Invalid Command.

In some applications the usar may wish to use this command as a No-Op command, to place the FDC ina
standby or 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 Jjumper 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 sync, data separator oscillator, standard density
pulse width, double density pulse width.
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PIN CONNECTIONS

KIM BUS SIGNAL
CONNECTOR

1 N €

2 N. C.

3 N. C.

4 IRQ

5 N. C.

6 N. C.

7 RESET

8 DATA BUS BIT 7
9 DATA BUS BIT 6
10 DATA BUS BIT 5
i DATA BUS BIT &
12 DATA BUS BIT 3
13 DATA BUS BIT 2
14 DATA BUS BIT 1
15 DATA BUS BIT 0
16 N. C.

17 N. €,

18 * +8 VOLTS UNREG
19 * VECIOR FETCH
20 * DECODE ENABLE
21 N. G,

22 GROUND

KIM BUS

CONNECTOR

* Do not connect to processor board.

DISK DRIVE SIGNAL
CONNECTOR
1 GROUND
2 LOW WRITE CURRENT
3 GROUND
4 N. C.
5 GROUND
6 N. C.
7 GROUND
8 N. C.
9 GROUND
10 2-SIDED SENSE (2-side only)
11 GROUND
12 N. C.
13 . GROUND
14 HEAD SELECT (2-side only)
15 GROUND
16 N. C.
17 GROUND
18 HEAD LOAD
19 GROUND
20 INDEX
21 GROUND
22 READY
23 GROUND
26 N. C.
25 GROUND

DI
Cco
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NMEddH Oy ErR"RandES O

SK DRIVE
CONNECTOR

SIGNAL

ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
PHASE 2
READ/WRITE
N. C.

+16 VOLTS UNREG

BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS

oo WNF-O

et et b e
P wWwN=QO

N. C.
N. C.

SIGNAL

DRIVE SELECT 0
GROUND
DRIVE SELECT 1
GROUND
DRIVE SELECT 2
GROUND
DRIVE SELECT 3
GROUND

STEP DIRECTION=IN

GROUND
STEP

GROUND

WRITE DATA
GROUND

WRITE ENABLE
GROUND

TRACK 0
GROUND

WRITE PROTECT
GROUND

RAW READ DATA

GROUND
N. C.
GROUND
N. C.
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K-1013 FLOPPY DISK CONTROLLER PARTS LIST

DESIGNATION PART TYPE arY
U31,39,52 LOGIC, T4LSOO 3
U4,19,37,51,53 LOGIC, T4LSO4 5
U60 LOGIC, Tu06 1
U62 LOGIC, T4L308 1
U20,29,38 LOGIC, T4LS10 3
U56,57 LOGIC, T74LS13 2
U11,30 LOGIC, TU4LS20 2
u7,8,17 LOGIC, T74LS30 3
u4o LOGIC, TuLS42 1
U63 LOGIC, THLS51 1
Us4 LOGIC, T4LS93 1
U5,10,32,42,55 LOGIC, T4LS109 5
U61 LOGIC, 74145 1
U1h,24,34,44,58 LOGIC, TuLS153 5
U13,23 LOGIC, TULS157 2
U21,33,43 LOGIC, TU4LS161 3
48 LOGIC, TULS173 1
U6y LOGIC, TuLS221 1
U18,28 LOGIC, ThLS283 2
U50,59 LOGIC, TULS368 2
U12,22 LOGIC, T4LS393 2
U1-3,9 LOGIC, 81LS95 4
U15,16,25,26,35, MEMORY, 4116 TYPE 200ns 8
36,45,46

U6 MEMORY, T4SUT1 PROM 1
U4 LSI FD CONTROLLER UPD765 1
VR2 VOLT REG. +5V LM340T-5 1
VR1 VOLT REG. +12V LM341P-12 1
DY DIODE, GERMANIUM 1N270 1
p2,3,5-8 DIODE, SILICON 1N4148 6
D1 DIODE, ZENER 5.1V .UW 1
Q2 TRANSISTOR, NPN PN2222 1
Q1 TRANSISTOR, PNP PN2907 1
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DESIGNATION

U27,41,47

H1
J1

R29

R32,3u,36,38,41

R1-4,7-10,46

R33,35,37,39,40,
52

R15,28,31,53
R6,19,26,56
R4
R16,17,20,30,54
R43

R21,55

R23,2M4, 147,48
R5,11-14,18,22
R50

R25,51
R27,42,45,49
RP

€8,10,11

c7

€91,93,95

c87

£66,88,98,99

c58,77

€9,89,97

€1-6,12-19,25-33,
39-46,52-57,59,
60,67-76,78-85,
20-24,34-38,
47-51,61-65

PART TYPE

SOCKET, PC 14 PIN

SOCKET, PC 16 PIN

SOCKET, PC 20 PIN

SOCKET, PC 40 PIN

BOARD, PC K-1013-1 REV B
HEATSINK 1" SQUARE AAVID 5072B
CONNECTOR, 50 PIN HEADER

1/4W 5% 10 OHM

1/4W 5% 220 OHM
1/4W 5% 270 OHM
1/4W 5% 330 OHM

RESISTOR,
RESISTOR,
RESISTOR,
RESISTOR,

1/4W 5% 470 OHM
1/4W 5% 1K
1/4W %% 1.5K
1/4W 5% 2.2K
1/4w 5% 3K
1/4w 5% 3.3K
1/4W 5% 4.7K
1/4w 5% 10K
RESISTOR, 1/4Ww 5% 51K
RESISTOR, 1/4W 5% 820K
TRIMPOT, 500 OHM SQUARE
RES. PACK 5% 10K 8 TO 5V

RESISTOR,
RESISTOR,
RESISTOR,
RESISTOR,
RESISTOR,
RESISTOR,
RESISTOR,
RESISTOR,

CAP,ELECTROLYTIC 100UF 16V RADTAL
CAP,ELECTROLYTIC 1000UF 25V AXTAL
CAP, POLY, U4TOPF 12V

CAP, POLY, 1000PF 12V

CAP, DISK, NPO 68PF 12V

CAP, DISK, YS5F 100PF 12V

CAP, DISK, Z5U .01UF 12V

CAP, DISK, Z5U .OUTUF 12V

CAP, DISK, Z5U .1UF 12V
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K-1013 PARTS LAYOUT
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