STANDARD MICROSYSTEMS
CORPORATION /s

HDC 9234

PRELIMINARY

Universal Disk Controller

FEATURES

PIN CONFIGURATION

rammabile Disk Drive Interface and Formats
[1IBM® PC-AT® STS06/412 or user definable hard disk
formats
[11BM® PC-AT® compatible ECC algorithm
[ 1BM Compatible Singie or Double Density Floppy Disk

Formats
[ Controls 8", 5.25", and 3.5" drives
[l Controls tape drives for tape backup of disks
(] Full CRC generation and checking
[]internal or External Error detection
(] Programmabile user-transparent Error correction
[ Programmable automatic retry option
[ Programmable internal write precompensation logic
[] Read/Write commands with automatic seek
[ Multiple sector read/write transfers
(] Sector interleave capability
[ Internal address mark generation and detection
(0 Programmable track step rates
[l Supports both buffered and unbufiered seeks
[l Polling command allows overlapping seeks
] Powerful, high level command set
[ Controls up to 4 drives with
O upto 16 heads per drive
O upto2048 cylinders per drive
[ upto 256 sectors per track
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Flaxible System Interface

[ Built-in DMA controller capable of addressing up to
16 MBytes

[ Supports either private or virtual butfer memory
addressing schemes

[ User readable Interrupt, Chip Status, and Drive Status
megisters

[l Programmabile Interrupt Mask
[ TTL compatible

[ Standard 40 pin DIP package
[ Single + 5 voit supply

GENERAL DESCRIPTION

The HDC 9234 Universal Disk Controller (UDC) is a 40
pin, n-channel MOS/LSI device capable of interfacing up
1o 4 Winchester-type hard disks and/or industry standard

disks to a processor. The chip is programmable to
support IBM® PC-AT® ST506/412 and user defined hard
disk formats, as well as IBM compatible 8, 5.25" and 3.5
single and double density formats.

A powerful and sophisticated command set reduces the
software overhead required to implement a combined hard
diskfloppy disk controller. These commands include:

Drive Select Seek to cylinder and read ID

Step out 1 cylinder Step in 1 cylinder
Restore Drive Read Logical Sectors
Read Physical Sectors Read Entire Track
Write Logical Sectors Write Physical Sectors
Chip Reset Deselect Drive

Poll Drives for Ready Set Register Pointer
Tape Back-up Format current track

The HDC 9234 can use both private memory or shared
memory butfers with the chip's internal DMA controller pro-
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‘l’idilg up to 24 bit addresses over an 8 bit data bus. This
enabies the HDC 9234 to address up to 16 megabytes of
memory, and allows the hardware designer tremendous
tlexibility in system design.

Several techniques of error detection and correction are
implemented on the HOC 9234. One user selected method
allows the chip to detect and transparently correct a read
arror in the data-stream, without external logic. Another
technique allows the designer complete control over the
ECC algorithm, by using external logic or system software
to detect and correct the error. As a further aid in error han-
dling, the HDC 2234 allows the user to specify the number
of read retries to be attempted before an error is reported
to the host processor by the HDC 9234.

The HDC 9234 fealures a versatile track format com-
mand which allows formatting with interleaved seclors. The
chip needs only 4 or 5 bytes of external memory space per
sector (depending on format selected). This feature aliows
the designer to optimize sector interleaving for optimum
throughput.
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DESCRIPTION OF PIN FUNCTIONS

PIN NO.

NAME

SYMBOL

DESCRIPTION

Power

Vee

+ 5 volt power supply pin

22

Ground

Ves

System ground

16

Chip Select

cs

This signal (when active) selects the HDC 9234 for communications with the host
Dcessnf.mr:is signal is normally derived by decoding the high order address bits.
tis active low.

17,18
19,20
21,23
24,25

Data Bus 7-0

DB7-0

All system processor reads and writes, (including status reads, initialization, disk
parameters, and commands) are 8 bit transfers which utilize these lines.

When the UDC is accessing memory, data is inpbt or output on these lines.
Data on these lines is valid only when DATA STROBE (D5) is active low.

B-15

Aux Bus 7-0

ABT-0

These 8 pins are used to output drive control signals and DMA Address
information.

Additionally, these pins are used to input drive status information.

Command/Dafa

cD

During processor to UDC communications, this input is used to indicale whether a
command or data transfer will follow.

If this pin is low, data may be written to, or read from, the internal data registers.

If this pin is high, the processor may write commands or read command results
from the UDC.,

Read/Wiite

R'W

When the processor is communicating to the UDC, a high on this input line indi-
cales a (processor) request for a UDC read operation, and a low indicates a (pro-
cessor) request for a wrile operation.

RW C/D Operation

Write to register file

Wirite to command reg.

Read from register file

Read Interrupt Status Register

e = Bl =

During UDC initiated operations, this pin becomes an outpul, and is used to indi-
cate a read operation (logic 1) or write operation (logic 0) to external memories.
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PINNO.

NAME

Data Strobe

SYMBOL

DESCRIPTION

This active low Bi“ functions as both an input and output. When the processoris
writing to the UDC, the trailing edge of an active (low) signal applied to this pin indi-
cates that the data on DB7-0is valid, and the.data is latched into the appropriate
UDC register on the rising edge.

When the chessur is reading from the UDC, the trailing ed
signal applied to this pin is used to clock out the desired UDC register on to DB7-0.
During UDC initiated DMA operations, the UDC drives this pin low to either read or
write data from memory, On DMA read cycles, data is clocked in on the trailing
edge. On DMA write operations, the data on DBE7-Ois valid anytime this pin is
active (low).

When this pin is high (logic 1), DB7-0 return to a high impedance state.

of an active (low)

Interrupt

INT

This active high output is used by the UDC whenever it wants to interrupt the pro-
cessor. The interrupl pin is reset 1o its inactive (low) state when the UDC interrupt
slatus register is reacJ.

DMA In Progress

DIP

This active high output becomes active whenever the UDC is actually performing a
DMA operation.

DMA Request

DMAR

This active high output becomes active whenever the UDC requires the system
bus to perform a memory cycle, and ACK is inactive, During hard disk operations,
it remains active until the sector transfer is complete.

During floppy disk operations, it is active for 1 byte transfer time.

The UDC shows that it has released the system bus by resetling this signal to its
inactive (low) state.

Acknowledge

ACK

This active high signal from the processor telis the UDC that the processor has
released the system bus and the UDC may access system memaory.

Write Dala

WDATA

This pin is used to output serial data from the UDC to the drive, in either FM or
MFM format. In both cases, data is output with the most significant bit first.

Late

LATE

This output (when active high) indicates that the current flux transition appearing
on WDATA is to be written late.

B8] &

Early

EARLY

This D“‘?.”* {when active high) indicates that the current flux transition appearing
on WDATA is to be written early.

3

Write Gate

WGATE

This output (when active high) indicates the drive should allow a write operation.

&

Read Data

This input pin contains the serial bit stream read from the drive, in either FM or
MFM format. Media flux reversals are indicated by a negative transition.

Read Clock

RCLK

This input is generated by the external data separator. Its frequency should self-
adjust to the variations in bit width in the data stream from the drive. This clock
supplies a window to indicate half-bit-cell boundaries.

Read Gate

RDGATE

This output pin is used o enable the external data separator, compensate for write
to read recovery time of the drive, and filter out the write splice in gaps 2 and 3.
Th;;irning of this signal is dependent upon the type of drive (hard or floppy) being
used.

RDGATE is inactive al all times except when the UDC is actually performing a read
operation or an intemal ECC operation.

ECCTime

When the UDC is used in external ECC mode, this oulput pin becomes active
gn[;g during the time the UDC is reading the ECC bytes from memory or external
chip, when executing a WRITE command.

Itis also active during internal ECC correction rations, and for either one
{write) or two (read) byte times after DIP (pin 30) becomes inactive following a sec-
10Hmnslan This shows the system processor when it should service the UDC
bufter.

3235

Select 1,0

51.50

These active h'pgh outputs are used by external logic to select either the source or
destination for data transfers occuring via AB7-0. following table defines the
ﬁiliﬂ: transfer being called for by the UDC. (Note that 51-0 are valid only when

is active low.)
ETE 51 S0 ABT7-0 Activity
1 )4 X 51,50 Invalid
0 0 0  UDC inputs Drive Status Signals
0 0 1 UDC outputs DMA address byles
0 1 0 UDC outputs OUTPUT 1 signals
0 1 1 UDC outputs OUTPUT 2 signals J
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PIN NO, NAME SYMBOL DESCRIPTION
34 Sirobe STE This active low output indicates when the host processor should read or write to
AB7-0, as indicated by 51-0.
When AB7-0 are used as outputs from the UDC, data is valid anytime this signal is
active (low).
When AB7-0 are used as inputs to the UDC, data is clocked in on the rising edge
of this signal.
38 DEVICE CLOCK CLK This riﬂrll“p::nut is the double frequency clock used by the UDC for all internal timing
operations.
Eight inch hard disk drives (with a nominal bit time of 230 ns) require an input of
a.gaa MHz (115 ns period).
5.2§;£ard disks (with a nominal bit time of 200 ns) require a 10 MHz input (100 ns
period).
Eight inch, 5.25" and 3.5" floppy drives all require a 10 MHz clock, which is inter-
nally prescaled by the UDC to the correct frequency, as determined from the Drive
Select command and MODE register.
This input requires an external pull-up resistor, as it is not TTL-level compatible.
See figure 2.
3 Feset AST | This active low input will force the UDC into the following known state:
INT=Inactive low
WDATA-Inactive low
- Inactive high
DMAR-Inactive low
EARLY-Inactive low
C/D-Input
AB7-O-Input
Iﬁ?%ETlnn?ﬁva low
DE?-[I?# t
WGATE-Inactive low
DIP-Inactive low
GATE-Inactive low
—Input
An active low on this pin has the same effect as a RESET Command.
33 DMA Clock DMACLK | All UDC DMA gperations will be hranized to this clock input. Three DMACLK
periods are required for each DMA byte transfer,

OVERVIEW OF UDC REGISTERS

The HDC 9234 has three
isters; Read/

addressable reg

Only. These registers are addressed
pointer that is set by the SET REGISTER POINTER

command.

s of internal, processor
ite, Read Only, and Write -
aninternalr

ister

All register data is passed to and from the UDC via the

data bus (DB7-0).

The internal register pointer is automatically incre-

Three internal registers (OQUTPUT 1, QUTPUT 2, and
INPUT DRIVE STATUS) which are not directly address-
able by the processor are accessed by the UDC. The infor-
mation contained in these registers is used in disk interfac-
ing and is input or output on UDC Pins AB7-0. The following
table describes these registers and the signals they output
orinput on AB7-0.

UDC ADDRESSABLE REGISTERS

DRIVE STATUS REGISTER (input) Select Pins S1=0,50=0 |

mented with each regisler access until it points to the DATA ABE—Index Pulse AB4—Track 00
ster. This insures that all subsequent register accesses AB5—Seek Complete AB3—User Defined
will address the DATA register. AB1—Drive Ready AB7—ECC Error
ABO—Write Fault AB2—Write Protect
PROCESSOR ACESSIBLE REGISTERS
REGISTER ADDR WRITE READ | OUTPUT 1 (Qutput Select Pins S1=1,50=0
= l AB7—Drive Select AB6—Drive Select 2
0 ?mM A -0 DMA7-0 AB5—Drive Select 1 AB4—Drive Select 0
; o A;g? . Em}ﬁa gﬂ&—ngmmmabre AB2—Programmable Outputs
3 Desired Sector Dasired Sector AE _-tgli_nsg:;ﬁxn!']am& ASD-=riognimmatin utpey
4 Desired Head Current Head Outputs
5 Desired Cylinder | Current Cylinder -
g gecturccuwt Pmpnrar',r gmraga
etry Cou emporary Storage
8 ot Chir Statoe 2 OUTPUT 2 (Output) Select Pins S1=1,50=0
5 Interrupt/Command| Drive Status AB7—Drive Select 3 AB6—Reduce Write Current
Terminator ABS—~Step Direction AB4—Step Pulse
A Data/Delay Data AB3—Desired Head (Bit3) AB2—Desired Head (Bit 2)
COMMAND Current Command | Interrupt Status AB1—Desired Head (Bit 1) ABO—Desired Head (Bit 0)




Additionally, several registers (DMA7-0, DMA15-8, DMA23-16, DESIRED SECTOR, DESIRED CYLINDER, SECTOR

COUNT, and RETRY COUNT) serve an alternate purpose. Theser

isters are used by the FORMAT TRACK command

to hold parameters. This alternate register utilization is described in detail under the FORMAT TRACK command.

DESCRIPTION OF UDC REGISTERS

DMA 7-0 (R/W Register; Address 0)

This 8-bit read/write register is loaded with the low order
byt; (MSB in bit 7) of the DMA buffer memory starting
address.

DMA 15-18 (R/W Register; Address 1)

This B-bit read/write m%lster is loaded with the middie
order byte (MSB in bit 7) of the DMA buffer memory starting
address.

DMA 23-16 (R/W Register; Address 2)
This 8 bit read/write register is loaded with the high order
b;rtde (MSB in bit 7) of the DMA buffer memory starting
address,

Prior to the data transfer portion of a read or write com-
mand, the UDC writes the contents of the DMA registers to
an external counter. This transfer (from the registers to the
external counter) is accomplished by the UDC with 3 sep-
arate outputs on AB7-0, with the contents of DMA 24-16
being transfered first. In memory areas that require less than
24 bit addressing, the higher order bits are overwritten. The
external counter must be incremented with the UDC's DS
signal after each byte transfer.

If, during read operations, an error is detected during the
data transter, a retry will occur (if so programmed), and the
three DMA registers will re-initialize the external counter to
the original starting address.

During multiple sector read/write operations, the DMA
address contained in the DMA registers will be incre-
mented by the size of the sector selected at each sector
boundary. This ensures that during read operations the
address contained in the DMA registers always corre-
sponds to the proper memory starting address of the sector
currently being read.

DESIRED HEAD REGISTER te Register;
O A daress 4

The contents of this register are compared to the disk
sector's ID Field when venfying a seek operation.

For the PC/AT format, this register is loaded with a 2-bit
sector size, and 4-bit head number.

c c C
g o 0
ABT-0 ,; r%-l ;1 ? -;gn- ADD 16-23
E z E
HDCo224 R R H
ADD B-15
,;l- ADD @-7
DMA COUNTER OPERATION
DESIRED SECTOR REGISTER (R/W Register;
Address 3)

This B-bit read/write register is loaded with the starting
sector number of a multiple sector read/write operation.
Except for the last sector of the operation, this register is
incremented after each sectoris written or read without error,

If the UDC terminates a command because of an error,
this register will normally contain the bad sector number,
and may be read by the processor.

BIT7 Bad Block Mark (always 0)
BITS6,5 Sector Size
G 5 SECTOR SIZE
0 0 256
0 1 512
1 0 1024
1 1 128
BIT 4 Always 0

BIT3-0 Desired Head Number

For the SMC format, this B-bit write only register is loaded
with the 4-bit head number and the upper 3-bits of the
desired cylinder number.

BIT7 Bad Block Mark (always 0).
BITS6-4 MSBs of the Desired Cylinder number.
BITS 3-0 Desired Head Number.

The desired head number is output on AB3-0 during
OUTPUT 2 times.

DESIRED CYLINDER REGISTER (Write Register;
Address 5)
This 8-bit write only register is loaded with the 8 low order
bits of the desired cylinder (MSB in Bit 7). Combined with
the 3 high order bits loaded into the DESIRED HEAD REG-
ISTER, these 11 bits form the desired cylinder number,
which is checked by read and write operations during the
Check ID portion of the command.
(Write Register;

SECTOR COUNT REGISTER
Address 6)

This 8-bit write only register is loaded with the number of
sectors to be operated on by the read or write command.
This allows multiple sectors on the same cylinder to be either
written or read.

RETRY COUNT REGISTER (Write Register;
Address 7)
This 8-bit write only register is loaded with the number
of times the UDC should retry to read a data field before
reporting an error. Additionally, this register is loaded with
the user progarammabie output signals that the UDC out-
puts on AB0-3 during OUTPUT 1 times. )
The retry count is loaded }in 1’s complement format) into
the 4 most significant bits of this register. .
The user programmable output si?nais are lpaded into
the 4 least s}n' icant bits of the register.
BITS 7-4 Desired Retry Count (in 1's complement
format)
BITS3-0 User Programmable Output Signals

MODE REGISTER (Write Register; Address 8)
This 8-bit write only register defines the operating mode
of the UDC as follows:
BIT 7 (DRIVE DATA TYPE)
This bit determines how the UDC decodes data from the
drive,
BIT 7 =(1): UDC configured for hard disk use. (Level
transitions)
BIT 7 =(0): UDC configured for floppy use. (Pulse
inputs)
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STEP RATES FOR DOUBLE DENSITY (MFM) OPERATION (Mode Bit 4=0)
DRIVE TYPE 5.25"HARD DISK 8" FLOPPY 5.25" FLOPPY
DB2 DB1 DBO STEP RATE STEP RATE STEP RATE

1 1 1 32ms 32 ms 64 ms

1 1 0 1.6ms 16 ms 32ms

1 0 1 0.8ms Bms 16 ms

1 0 0 0.4ms 4 ms 8ms

0 1 1 0.2ms 2ms 4ms

0 1 0 0.1ms 1ms 2ms

0 0 1 0.05ms 0.5ms 1ms

0 0 0 218us 218 us 436 us
L Pulse Width: 11.2us 112 us 224 us

(DOUBLE ALL OF THE ABOVE TIMES FOR SINGLE DENSITY (FM) OPERATIONS.)

BITS 6,5 (CRC/ECC Enable Code)
These bits determine the error detection/correction code
generated and checked by the UDC. In addition, they
enable the Write Long command.

DB6 DB5 CODE GENERATED/CHECKED
0 0 CRC
0 1 Enable Write Lon
1 0 Internal 32 bit ECC without correction
1 1 Internal 32 bit ECC with correction

With internal ECC selected the UDC will transfer 4 extra
bytes during reads and writes. Normal CRC checking is
still done on all ID fields.

it ECC is not selected, then the UDC will perform CRC
checks on both data and ID fields.

BIT 4 (Single or Double Density)
This bit determines whether the UDC will perform its
operations in either single or double density.

BIT 4 =(1) Single Density (FM) Format
BIT 4 = (0) Double Density (MFM) Format
BIT 3 (ALWAYS 0)

BITS 2,1,0 (Step Rate Select)

These bits are programmed to select the desired drive step
rate. Note that all step rates are determined by the type
of drive and density selected, and are scaled from the CLK
input.

The UDC can output extremely rapid step rate pulses if
these bits are set to 000. This is usetul when the UDC is
controlling drives which support buffered seeks. For other
speeds, please refer to the table above.

INTERRUPT/COMAND TERMINATION REGISTER
(Write Register; Address 9)
This 8-bit write only register allows the programmer to
mask out a2 number of conditions that would cause termi-
nation of a mmmam_;irt(Such termination occurs when the
DONE bit in the INTERRUPT STATUS register is set.)
One bit in this register also controls the generation of inter-
rupts when either the DONE bit or the READY CHANGE
bit in the INTERRUPT STATUS register go active.

BIT 7 (ALWAYS “1"
Setting this bit to "1" will cause the CRC register to preset
to 1 for CRC generation and checking.

In the IBM#® PC-AT mode, this bit should always be set to
"1", Failure to do so may result in unreliable operation.

ID field CRC and data field CRC or ECC are generated
and tested from the first A1 HEX byte in the ID field.

BIT 6 (ALWAYS “0")
This bit should always be set to “0" by the user. Failure to
do this may result in unreliable operation.

BIT 5 (INT ON DDNEI

If this bit is set (to "1"), an interrupt will occur when the
DONE bit in the INTERRUPT STATUS register is set. If
this bit is reset (to “0"), no interrupt will be generated for
this condition.

BIT 4 (DELETED DATA MARK)

If this bit is set (to "1"), the DONE bit in the INTERRUPT
STATUS register will be set when the DELETED DATA
MARK bit in the CHIP STATUS re%'rstEr goes active, and
the command will terminate when the current sector oper-
aftion is completed.

BIT 3 (USER DEFINED)

If this bit is set (to "1"), the DONE bit in the INTERRUPT
STATUS register will be set when the USER DEFINED
status bit in the DRIVE STATUS register goes active, and
the command will terminate when the current sector oper-
ation is completed.

BIT 2 (WRITE PROTECT)

If this bit is set (to "1"), the write or write format command
in prc%gress will terminate and the DONE bit in the INTER-
RUPT STATUS register will be set when the WRITE PRO-
TECT bit in the DRIVE STATUS register goes active.

BIT 1 (READY CHANGE)

If this bit is set (to "1"), an interrupt will occur when the
READY CHANGE bitin the INTERRUPT STATUS register
is set. If this bit is reset (to "0"), no interrupt will be gen-
erated for this condition.

The user should note that as a drive is selected or dese-
lected, it is possible for the ready line from the drive to
change state, and care should be taken in the design of
the interrupt handler.

BIT 0 (WRITE FAULT)
If this bit is set {to “1"), the write or write format command
in progress will terminate and the DONE bit in the INTER-
RUPT STATUS register will be set when the WRITE FAULT
status bit in the DRIVE STATUS register is set. The com-
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mand in progress will terminate when the current sector

operation is completed.
DATA/DELAY REGISTER (R/W Register; Adt{]r::lsl

This 8-bit read/write register serves three purposes.
Dur'r? UDC writes, data is placed in this register for
recording to the disk. During UDC reads, recovered data
is fetched from this register for $tura23 into memory. All
transfers occur via DB7-0, under DMA control.

Additionally, this register is loaded with the HEAD LOAD
TIMER COUNT when the Drive Select command is issued.
(Note that the actual amount of head load time is this value,
times a value predetermined by the UDC, based on the
rzpe of drive selected. For more information, please see
the Drive Select command description.)

Finally, in the IBM® PC-AT mode, this register is used
for a third purpose. If Implied Seek is enabled, this register
is used by Seek/Read ID and Read/Write commands to
control the UDC seek operation. The data in the Data/
Delay Register and the Current Cylinder Register are used
to calculate the direction and step count for a seek.

Please note, the MSB's of the Desired Cylinder Number
does not correspond to those written in the Disk 1D field.

BITS 7,6 Always 0
BITS 5,4 Actual Sector Size

5 4 Sector Size

0 0 128

0 1 256

1 (1] 52

1 1 1024

BITS 3,2 Alwars 0

BITS 1,0 MSB's of Cylinder Number
1 0 Cylinder Number
0 0 0- 255

0 1 256- 511

1 0 512 - 767

1 1 768 - 1023

COMMAND REGISTER (Write Register)

This 8-bit write only register is used to pass commands
to the UDC. Valid commands are given to the UDC
setting C/D high and R/W active high, while strobing D
active (low).

CURRENT HEAD REGISTER (Read Register)

This B-bit read only register is updated from the disk when
valid ID field sync mark is found while executing a SEEK/
READ ID command.

IBM® PC-AT MODE

BIT7 =1 Last Sector read had BAD SECTOR bit set,
=0 Last Sector read had BAD SECTOR bit reset.
BIT 6,5 Sector Size

6 5 SECTOR SIZE
0 0 256
o 1 512
1 0 1024
1 1 128
BIT4 Always0
BIT 3-0 Current Head Number (MSB in BIT 3)
SMC AND FLOPPY MODES
BIT7 =1 Lastsector read had BAD SECTOR bit set.

=0 Last sector read had BAD SECTOR bit reset.

BITS6-4 Three most significant bits of the current cylinder.
Most si?_r'u'ﬂcant bitin BIT 8).
BITS 3-0 Current Head Number (MSB in bit 3).

CURRENT CYLINDER REGISTER (Read Register;
Address 5)
This B-bit read only ragisler is updated from the disk when
avalid ID field sync mark is found while executing a read ID
field command sequence. This re?ister will contain the 8
least si?nil'icant bits of the cylinder ID number, as specified
during formatting. (The 3 most significant bits of the 11 bit
cylinder ID number are contained as part of the CURRENT
EAD REGISTER.)

CURRENT IDENT BYTE REGISTER (Read Register;
Address 6)
This 8-bit read only register reads the Ident Byte from the
disk during the Read ID command sequence. The Current
Ident Byte is written to the disk during the format, changing

as specified below.

IDENT BYTE CYLINDER NUMBERS
FE 0-255
FF 256 - 511
FC 512-767
FD 768 - 1023

INTERRUPT STATUS REGISTER (Read Register)

This B-bit read only register contains status information
associated with interrupt conditions and errors that occur
during disk operation. This register is read by setling C/D
high, and R/W high.

When the Intarrugt Status registeris read, the INT output
signal from the UDC will be reset (to an inactive low level).

BIT 7 (INTERRUPT PENDING)

A "1" indicates that either DONE bit or READY CHANGE

bit has gone active. The user may disable these interrupts
setting the ap%r riate bits in the INTERRUPT/COM-
ND TERMINATION, REGISTER. This bit is reset (to “0")

by reading the Interrupt Status register.

BIT 6 (DMA REQUES

A "1"indicates that the UDC requires a data transfer either
to or from its data register. This bit is reset (to "0") by the
data transfer,

BIT 5 (DONE)
A "1" indicates that the current command is completed. This
bitis reset (to "0") when a new command is issued.

BIT 4,3 (COMMAND TERMINATION CODE-

(Valid only when DONE is set)
These two bils indicate the command termination
conditions:

BIT 4 BIT3 CONDITIONS
[i] : 0 Successful command termination
0 1 Execution error in READ 1D
Sequence
1 0 Execution error in SEEK Sequence
1 1 Execution error in DATA fiel

More detailed command termination error information is
obtained by reading the Chip Status register.

BIT 2 (READY CHANGE)

A "1" indicates that the "ready" signal from the drive has
experienced a low-to-high or igg—tn-tnw transition. (This
shows that the drive has either become ready or become
not ready.) This bit is reset (to "0") by reading the Interrupt
Status register.

BIT 1 (OVERRUN/UNDERRUN)
A "1" indicates that a overrun or underrun condition has
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occured during a read or write command. These conditions
occur when the UDC does not receive an acknowledge (to
a DMA request) by the time a byte is ready for transfer to or
from the processor.

This bit can only be reset (to "0") with a RESET command
or a high on the RESET pin.

BIT 0 (BAD SECTOR)

A "1" indicates that a bad sector (as indicated from the MSB
of the head ID byte in the ID field) has been encountered.
This bit is reset when a new command is issued, or a good
sector is read.

CHIP STATUS REGISTER (Read Register; Address 8)

This 8-bit read only register supplies additional chip sta-
tus information. The information in this register is only valid
between the time that the DONE bit is set in the INTER-
RUPT STATUS register and the time when the next com-
mand is issued to the UDC.

BIT 7 (RETRY REQUIRED ) _
If a retry was attempted by the UDC during the execution of
any read or write command, this bit is set (o “1").

BIT 6 (ECC CORRECTION ATTEMPTED)
If the internal ECC circuitry has attempted to correct a bad
sector, this bitis set (o "17).

BIT 5 (CRC/ECC ERROR)
If the UDC detects a CRC error or an ECC error this bit is
set {to “1").

BIT 4 (DELETED DATA MARK)
I the UDC reads a deleted data mark in the ID field, this bit
is set (to “17), otherwise it is reset (to "0").

BIT 3 (SYNC ERROR)

If the UDC does not find a sync mark when it is attempting
to read either an |D or data field, then this bit is set (to “1").
The command being executed will terminate when this bit
is set.

BIT 2 (COMPARE ERROR)

If the information contained in the DESIRED HEAD and
DESIRED CYLINDER registers does not match that con-
tained in an ID field on the disk, this bit is set (to “1"). The
command being executed will terminate when this bit is set.

BIT 1,0 (PRESENT DRIVE SELECTED)

These two binary encoded bits represent the drive currently
selected and correspond to the Drive Select bits set in the
Output 1 and Output 2 latches.

BIT1 BITO DRIVE SELECTED
0 0 0
0 1 1
1 0 2
1 1 3
DRIVE STATUS REGISTER (Read Register;
Address 9)

This 8-bit read only register contains status information
generated by the drives, external ECC Chip (if any), and a
user definable input to the UDC from the drive.

To save pins on the UDC, the 8 status lines are input on
AB7-0 and are |atched in this internal register. The UDC will
update this register whenever it is not %AB?-G to output
DMA counter values, OUTPUT 1, or OUTPUT 2 data. When
configured as described below, the UDC will input drive sta-
tus signals and interpret them as follows. In all cases, a logic
“1" is considered the active input.

BIT 7 (ECC ERROR) -
This bit is set (to *1") when the ECC ERROR signal is gen-
erated by an external ECC chip. This signal is input to the
UDC on AB7.

BIT 6 (INDEX)

This bit is set (to “1") when the INDEX signal from the
selected drive is active. Typically, index pulses from the
drives are active for 10us-100us for each disk revolution.
This signal is input to the UDC on ABB.

BIT 5 (SEEK COMPLETE)

This bit is set (to "1") when the SEEK COMPLETE signal
from the selected drive is active. This bit will go active when
the heads of the selected drive have settled over the desired
track (at the completion of a seek).

When a drive suz::jplies this sé%?al. reading and writing should
not be attempted until SEEK COMPLETE is set ?10 *1"),
This signal is input on ABS.

For floppy disk operation, where the drives normally do not
provide this signal, a retriggerable one shot could be used
to generate a SEEK COMPLETE signal (if desired).

BIT 4 (TRACK 00)

This bitis set (to “1") when the TRACK 00 signal from the
selected drive is active. This indicates that the heads on the
ml?quid drive are positioned over track 0. This signal is input
on :

BIT 3 (USER DEFINED)
This bit is set (to *1") when the USER DEFINED signal is
active. This signal is input on AB3.

BIT 2 (WRITE PROTECT)

This bit is set (to “1”) when the WRITE PROTECT signal
from the selected drive is active. When set, this bitindicates
that the disk in the selected drive is write protected. This
signal is input on AB2.

BIT 1 (READY)

This bit is set (to “1") when the READY signal from the

selected drive is active. When set, this bitindicates that the

i ré\re is ready to execute commands. This signal is inputon
1.

BIT 0 (WRITE FAULT)

This bit is set {to “1") when the WRITE FAULT signal from
the selected drive is active. This signal, when active, indi-
cates that a condition exists at the drive that would cause
im;i%per writing on the disk. This signalis input to the UDC
on ABO.

TEMPORARY STORAGE REGISTERS
The UDC contains two temporary storage registers, used
the UDC for internal operations. The host processor
should not attempt to read or modify these registers, as
unpredictable results may occur.

UDC COMMAND OVERVIEW

The HDC 9234 has 16 high-level commands that provide
the user with a high degree of flexibility and control. All of
the commands for the UDC can be thought of as falling into
one of two basic groups.
The first group handles the “"housekeeping' required by the
drives and the UDC itself. These commands are:
RESET STEP OUT 1 CYLINDER
STEP IN 1 CYLINDER SET REGISTER POINTER
DRIVE SELECT RESTORE DRIVE
DESELECT DRIVES POLL DRIVES

The second ‘?mup comprises the "READ/WRITE" func-

tions required in a magnetic disk subsystem. These com-
mands are:

SEEK/READ ID TAPE BACKUP (READ/
FORMAT TRACK WRITE

READ TRACK READ SECTORS LOGICAL
READ SECTORS PHYSICAL

WRITE SECTORS LOGICAL
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An internal status byte, which contains the BAD SECTOR,
DELETED DATA and OVER/UNDER RUN bits, along with
the current state of the READY, WRITE PROTECT, WRITE
FAULT, and USER DEFINED lines, is checked at various
times during command execution.

This internal status byle is examined before the execution
of all READ/WRITE commands, and is also checked just
prior to the completion of all commands (except for RESET,
where its values would be meaningless.)

This byte is also checked by the UDC between sector oper-
ations during the execution of READ LOGICAL, READ
PHYSICAL, WRITE LOGICAL and WRITE PHYSICAL
commands.

The UDC makes decisions regarding command termina-
tion and interrupt generation based on the contents of this
status byte, and the state of the bits in the INTERRUPT/
COMMAND TERMINATION register. (Note that “write pro-
tect” and “write fault” status may cause command termi-
nation only during write and format operations.)

All commands (except RESET) terminate with the DONE
bitin the INTERRUPT STATUS register being set. This bit
may also be considered to be an inverted "busy" line, as
the UDC resets it upon receipt of a valid command.

During all READ/WRITE %ruu commands (except FOR-
MAT TRACK and BACKUP), the UDC utilizes some com-
mon command execution sequences. Prior to entering each
sequence the UDC sets the COMMAND TERMINATION
bits (in the INTERRUPT STATUS register) to a known state.
If a command fails to execute properly, these bits may then
be used to determine where the command aborted.

The sequences common to the READ/WRITE group com-
mands are as follows:

1. READ ID FIELD {Command Termination Code = 0-1)
First, the UDC attempts to find an ID Field Sync mark.
If no sync mark is found within 33,792 byte times (byte
time = time to read one byte from the tyga of drive
selected), the SYNC ERROR bit (in the CHIP STA-
TUS register) is set (to “1”), and the command is
ferminated.

Duringrthis phase, the UDC will raise and drop
RDGATE up to 256 times (as it attempts to read each
sector on the cylinder).

After the ID Field is found, the UDC reads it and
updates it CURRENT HEAD and CURRENT CYL-
INDER registers. This information was written to the
disk during formatting.

Mext, the UDC checks the CRC of the ID field which
was read. If it is incorrect, the UDC sets (to “1") the
CRC ERROR status bit (in the CHIF STATUS regis-
ter) and terminates the command.

If the CRC is correct, the UDC then calculates the
direction and number of step pulses required to move
the head from the current cylinder to the cylinder
specified in the DESIRED HEAD REGISTER. These
pulses, and the direction bit are output during the
QUTPUT 2 times.

If a command should terminate while in the sequence,
the COMMAND TERMINATION bits will be set to
0-1.

2. VERIFY (Command Termination Code = 1-0)
After the UDC has read the |D Field, it attempts to ver-
ify that it has found the correct cylinder. To do this, the

tries to find an 1D Field sync mark on the selected
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disk. If the UDC is unable to find an ID Field sync mark
within 33,792 byte times, the SYNC ERROR bit (in the
CHIP STATUS register) is set to "1", and the com-
mand is terminated.

The UDC, after finding the 1D Field sync mark, then
reads the ID field and compares the information on
the disk to the information contained in the DESIRED
CYLINDER, DESIRED HEAD and DESIRED SEC-
TOR registers.

The UDC will hunt for sync marks and read ID fields
until the desired sector is found. If the desired sector
is not located within 33,792 byte times, then the
COMPARE ERROR bil (in the CHIP STATUS regis-
ter) is set to 1", and the command is terminated.

After the correct sector is found, the UDC checks the
CRC for the sector D Field. If this is found to be incor-
rect, the UDC sets to "1" the CRC/ECC ERROR bit
in the INTERRUPT STATUS register, and the com-
mand is terminated.

(When the UDC is executing a READ PHYSICAL or
WRITE PHYSICAL command, ID Fields are checked
only until the first sector to be transfered is found. No
ID Field checking is performed on subsequent sec-
tors, although CRC checking is done.)

If a command should terminate while in this sequence,
the COMMAND TERMINATION bits will be set to

1-0.
3. DATA TRANSFER (Cnmmandc"mminatin?
e = 1-1
If a READ PHYSICAL or READ LOGICAL com-
mand is being executed, the UDC willtry to find a data
sync mark (FBhex or F8hex) on the disk. If the sync
mark found is F8h, then the UDC will set the DELETED
DATA MARK bit in the CHIP STATUS register.

After a data mark is found, the UDC then updates
its CURRENT HEAD and CURRENT CYLINDER
reaiasters from the information found on the disk and
initiates a DMA request. If the host processor does not
respond to the request within 1 time, then the UDC
will setto 1" the OVER/UNDERRUN status bit in the
INTERRUPT STATUS register, and the command will
terminate.

Using DMA, the UDC transfers a sector's worth of data,
and then reads the ECC and/or CRC bytes. Ifa CRC
error or uncorrectable ECC error is detected, the UDC
will decrement the RETRY REGISTER, set the
RETRY REQUIRED status bit ﬁin the CHIP STATUS
register), and return to the VERIFY sequence.

Ifthe UDC cannot read the sector, and the countin the
ENTRY COUNT register has expired, then the CRC/
ECC Error bit (in the CHIP STATUS register) is set,
and the command terminates.

During a multi-sector transfer, the UDC updates the
DMA registers after all sector operations, including the
last one, and the SECTOR COUNT register is dec-
remented. If the SECTOR COUNT register equals 0,
then the command is terminated. If the SECTOR
COUNT register is not equal to 0, then the UDC will
increment the DESIRED SECTOR register, re-initial-
ize the RETRY COUNT register (to its original value)
and return to the VERIFY sequence.

If a command should terminate while in this sequence,
the command termination bits will be setto 1-1.

COMMAND DESCRIPTION
RESET (Hex Value = 00)
This command causes the UDC to return to a known state.
This command allows the system software to reset the chip,
and has the same effect as RST input becoming active.

646

(MuLTIPLE SECTOR )

PERFORM DATA
TRANSFER
TOQ/FROM DISK

1

UPDATE
EXTERNAL DMA
ADDRESS COUNTERS

'

DECREMENT
SECTC
COUNT

COUNT EQUAL
ZERO?

RETURN

INCREMENT
DESIRED SECTOR
NUMBER

MULTIPLE SECTOR READ OPERATIONS

DESELECT DRIVE (Hex Value = 01)
This command causes all of the drive select bits (Drive
Select 0-3) in the OUTPUT 1 and QUTPUT 2 registers to
become inactive.

RESTORE DRIVE Hex Values = 02, 03)
This command will cause the HDC 9234 to output step
pulses to the selected drive, so as to move the head back
to Track 00. Before each step pulse, the UDC first checks
the TRKOO0 and READY bits in the DRIVE STATUS register.
If TRKOO is active {high) or READY is inactive (low), then
the UDC will terminate the command.

The UDC will output up to 4096 stsg_ ulses. If the drive does
not respond with an active (high) TRK0O signal within this
riod, the UDC will terminate the command with the DONE

it set (to “1"") and the COMMAND TERMINATION CODE



bits set to 1-0. (These bits are contained in the INTER-
RUPT STATUS register.}

This command takes two forms:
COMMAND BYTE RESULT

02 The command will terminate, and an inter-
rupt generated after the UDC has issued the
step pulses.

03 The command will terminate, and an inter-
rupt generated after the drive has provided
a SEEK COMPLETE signal to the UDC.
(This is useful in systems with “buffered
seek” drives.)

This command uses the step rate value loaded into the
MODE register.

STEP IN 1 CYLINDER (Hex Values = 04, 05)
This command will cause the HDC 9234 to issue one step

the DRIVE STATUS register to determine which drive
caused the command termination.

The POLL DRIVES command must be preceeded by SEEK
or DESELECT. In normal use, a SEEK command would
precede the POLL DRIVES command. In those cases
where another command {other than SEEK) has been
issued to a drive in the polling sequence, it will be neces-
sary to DESELECT that drive prior to issuing the POLL
DRIVES command. This applies even if the selected drive
was not included in the polling sequence.

DRIVE SELECT (Hex Values = 20 thru 3F)
This command will cause one of (up to) four drives to be
selected for operation. Any previously selected drive is
deselected by this command. Bits 0 and 1 in the command
word indicate (in binary form) which of the (up to) four drives
has been selected.

pulse towards the inner most track. This command is gen- | COMMAND WORD DRIVE
erally used during track formatting, and takes two forms: DB1 DBO SELECTED
COMMAND BYTE RESULT 0 0 DTFVE 0
04 The command will terminate, and an inter- 0 1 Drive 1
rupt generated after the UDC issues the 1 0 Drive 2
step pulse. 1 1 Drive 3
05 The command will not terminate until the

UDC recognizes the SEEK COMPLETE
signal from the selected drive. Upon rec-
ognition of SEEK COMPLETE the UDC will
generate an interrupt.

This command uses the step rate value programmed into
the MODE register.

STEP OUT 1 CYLINDER Hex Values = 06, 07)
This command will cause the HDC 9234 to issue one step
pulse towards the outer most track (Track 00). This com-
mand is generally used during track formatting, and takes
two forms:

COMMAND BYTE RESULT
08 This command will terminate, and an inter-
rupt generated after the UDC issues the
step pulse.
o7 This command will not terminate until the

UDC recognizes the SEEK COMPLETE
signal from the selected drive. Upon rec-
ognition of the SEEK COMPLETE, the UDC
will generate an interrupt.

This command uses the step rate value programmed into
the MODE Register.

POLL DRIVES (Hex Values = 10thru 1
This command polls the drives for a SEEK COMPLET
signal allowing the user to perform simultaneous seeks on
up to four drives. Polling is enabled by setting (to 1) the
appropriate bit in the command word: bit O for drive O thru
to bit 3 for drive 3.

This command executes as follows:

The UDC will output a drive select for the first drive in
the polling sequence and look for a SEEK COM-
PLETE status input from the polled drive. If the polled
drive has not completed a seek, then this line remains
low (logic 0), and the UDC selects the next drive in the
polling sequence. This continues until the UDC detects
a SEEK COMPLETE signal from a drive, which causes
the DONE bit in the Interrupt Status register to be set,
and the command terminates.

The UDC will continue to select the drive that produced
the SEEK COMPLETE signal, allowing the user to read

Decoded drive select signals are then placed on the data
bus (via AB7-AB4) during OUTPUT 1 times and should be
latched externally.

Since the HDC 9234 can interface both hard disks and floppy

disks to a processor, the Drive Select command needs to

also specify the type of drive being selected. Bits 2and 3 in

the command word are used to pass this information to the

chip, and take the following form:

COMMAND WORD
DB3 DB2

0 0

TYPE
OF DRIVE

Hard disk with IBM® PC-AT compat-
ible format—>512 Byte data field and
4 byte ID field per sector. No internal
clock prescaling performed.

Hard disk with user defineable for-
malt, This format allows a data field
length of 128, 256, 512, 1024, 2048,
4 , 8192, or 16384 bytes with 5
te ID field per sector. No internal
ock pre-scaling is performed.
8 inch floppy disk, with standard 4
byte (FM) or 5 byte (MFM) ID field.
An internal divider creates a 1 MHz
clock to be compatible with standard
disk data rates.

5.25inch floppy disk, with standard 4
byte (FM) or 5 byte (MFM) 1D field.
Aninternal divider creates a 500 KHz
clock to be compatible with standard
disk data rates.

NOTE: Microfloppy system designers should determine
whether the drive they have chosen to use in the system is
compatible with 8" floppy drives or 5.25" floppy drives, and
use the appropriate values from the table above.

Note that eight inch Winchester-type drives require an 8.696
MHz system clock. All other drives require a 10 MHz system
clock. It is not possible for the UDC to derive interna Iﬁhe
clocks required for floppy disk operation from the 8.696 MHz
clock required by 8 inch Winchester drives.

To insure compatibility with various drives, the HDC 9234
features a programmable head load timer. Head load delay
may be inhibited by resetting the Delay Bit (Bit 4) in the Drive
Select command word to O. If Bit 4 is set (to 1), then the
head load delay timer is configured with the value in the
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DATA/DELAY register (Register A), multiplied by value
shown below:

DRIVE AND HEAD LOAD TIMER INCREMENT
FORMAT SELECTED|(BIT 4 = 1 = Delay Enabled)
5.25" HARD DISK 200 usec
{Double Dans'rllzr}
5.25"HARD DIS 400 usec
ingse Danety) The HEAD LOAD
g %&Eﬁmmn ) 2msec IMER is set to a value
EJS:LDFPY Y 4msec ©9ual to this increment
(Single Density) times the numberin the
ng DATA/DELAY register.}
5.25" FLOPPY 4 msec
2(,!f:llt:ﬂu.llr.n-!a Density)
5.25" FLOPPY 8 msec
(Single Density

The Drive Select command also optimizes certain charac-
teristics of the HDC 9234 for the type of drive selected.
IF HARD DISK SELECTED:
—-DMA mechanism works in burst mode and the bus is
held for the entire sector transfer.
—The RDGATE and WRGATE output signals follow the
timing relationships shown in Figures 12A and 12B.
~The GAP lengths are as shown in Table 1.
IF FLOPPY DISK SELECTED:
-DMA mechanism transfers an 8-bit byte, and releases
the bus.
—The RDGATE and WRGATE output signals follow the
timing relationships shown in Figures 12A and 12B.
—The GAP lengths are as shown in Table 1.
—The CLK input clock is prescaled (internally) to create
ar}l internal clock compatible with the floppy disk data
rates.

SET REGISTER POINTER (Hex Values = 40 to 4A)
This command causes the register pointer to point fo a reg-
ister. The desired register number is loaded into the 4 least
significant bits of the command word. (MSB in BIT 3).

The register pointer is incremented by the UDC on each
register access, until it points to the DATA register. This

,I DMA ADOR (LOW BYTE] |
i
[ OWMA ADDR (MIDDLE BYTE] |
1
OMA ADDH (HIGH BYTE) |

[
SECTOR NUMBER |

1
HEAD NUMBER

CYLINDER NUMBER ]

1
SECTOR ::ouw*r ]

RETRY COUNT |

i
MODE CHIP STATUS |

INTERRUPT DRIVE STATUS

|REGISTER PCINTER

SET REGISTER POINTER COMMAND

reduces the number of times the user must set the register
pointer during read and write operation.

Care should be taken to ensure that only valid register val-
ues are loaded into the command word. (Valid register
numbers are 0 thru OAH.)

SEEK/READ ID (Hex Values = 50 to 57)
This command will cause the UDC to read the first sector
ID field found from the currently selected drive, head, and
cylinder. The MODE register should contain the correct value
for step rate and density options.

After reading the ID field the UDC will examine the com-

mand word and execute the specified options. Bits 2 thru 0

in the command word are used to specify the following

options:

BIT2 =1 STEP ENABLE. The UDC will execute the ste
sequence, and position the head on the trac
specified by the DESIRED CYLINDER register.

BIT2 = 0 STEP DISABLE. No step pulses will be issued
by the UDC.

BIT1 =1 WAIT FOR COMPLETE. The UDC will proceed
to the verify sequence only after the drive has
Issued a SEEK COMPLETE signal.

BIT 1 = 0 DO NOT WAIT FOR COMPLETE. The UDC will
proceed to the verify sequence after the last step
pulse has been issued.

BITO = 1 VERIFY ID. The UDC will execute the VERIFY
sequence after operations selected by the pre-
vious options have finished.

BITO = 0 DISABLE VERIFY ID, The UDC will not enter
the VERIFY sequence. Instead, the command
will terminate.

The order in which these options execute is: STEP, COM-
PLETE, VERIFY ID. Any combination of these option bits
may be specified in the command word.

READ SECTORS PHYSICAL (Hex Values = 58 and 59)
This command will cause the UDC to read up to a full track
from the disk. The user specifies the MODE, DESIRED
CYLINDER, DESIRED HEAD, and DESIRED SECTOR
along with the SECTOR COUNT. When using the IBM® PC-
AT format, register A must also be initialized. The UDC will
find the requested cylinder and sector and set up to begin
the data transfer.

(If using drives which support buffered seeks, BITS 2-0 in
the MODE SELECT register should be set to 0-0-0. This
will cause the UDC to wait for a SEEK COMPLETE signal
from the drive prior to entering the verify sequence.)

If a BAD SECTOR bit is read (from the sector ID field) the
UDC will set the COMMAND TERMINATION bits (in the
INTERRUPT STATUS register) to 1-0, and set the DONE
bit (in the INTERRUPT STATUS register) to 1, and termi-
nate the command.

After each sector is successfully read, the SECTOR COUNT
register is decremented. If the SECTOR COUNT register
is not yet equal to 0 the process is repeated for the next
physical sector on the track. This command also will ter-
minate if the Index pulse is received from the drive.

(Note that after the first sector is found, no further compar-
ison is made against sector numbers found on the disk as
the DESIRED SECTOR reqgister value may not correspond
to the next physical sector on the disk because of sector
interleaving.)

This command takes two forms allowing the user to specify
the desired transfer option. The options are specified by Bit
0 in the command word, and are;

BITO = 1 TRANSFER ENABLE. The UDC will transfer the
data fields to (external) memory, using DMA.
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BITO =0 TRANSFER DISABLE. The UDC will NOT
transfer any data to (external) memory, but all
erraor detection circuitry will be enabled and
errors reported. This is useful in detecting bad
sectors and tracks on the disk.

Before executing this command, the user must set the
RETRY COUNT to 0. This is done by loading the high order
nybble inthe RETRY COUNT registerto“1111" (zeroin1's
complement format). Failure to do this will result in unpre-
dictable performance because the DESIRED SECTOR
register value may not correspond to the next physical sec-
tor on the disk,

READ TRACK ) (Hex Values = 5A and 5B)
When this command is issued, the UDC will read the data
from the entire track on which the selected drive is current|
sitting. The UDC will begin reading when it detects the lead-
ingteadge of an index mark signal from the drive, and termi-
nate reading when it detects the next leading edge of an
index mark signal. Sync detect is performed for the 1D field,
but no error checking is done on the data field.

This command allows the user to specify a data transfer
option, using Bit 0 in the command word. These options are:

BITO =1 TRANSFER ALL DATA. The UDC will transfer
the ID field and data fields to (external) memory.

BITO = 0 TRANSFER ONLY IDs. The UDC will transfer
only ID fields to the (external) memory. This is
useful during tape backup operations.

READ SECTORS LOGICAL (Hex Values = 5Cto5
When this command is issued, the UDC will read up to a full
track from the selected drive. Prior to reading the data from
the disk, the UDC will (if enabled in mmman@ use theinfor-
mation in the MODE, DESIRED CYLINDER, DESIRED
SECTOR and DESIRED HEAD (and Register A for IBM®
PC-AT mode) registers to locate the correct track, sector
and drive surface (using the previously described VERIFY
sequence).

(If using drives which support buffered seeks, BITS 2-0in
the MODE SELECT register should be set to 0-0-0. This
will cause the UDC to wait for a SEEK COMPLETE signal
from the drive prior to entering the verify sequence.)

Before the command is issued, the system processor must
also load the desired values into the MODE, SECTOR
COUNT, RETRY COUNT and the three DMA registers.

After the desired track and sector is found and verified, the
DATA TRANSFER sequence begins. After each success-
tul sector transfer, the UDC increments the DESIRED
SECTOR register (except after the last sector is trans-
ferred), decrements the SECTOR COUNT register, and re-
enters the VERIFY sequence. This process continues until
the SECTOR COUNT register is equal to 0 (or an error
occurs).
This command has four options, which are specified by Bit
1 and Bit 0 of the command word. The four options are:
BIT1 =1 IMPLIED SEEK DISABLED. The UDC will not
update the CURRENT CYLINDER, CURRENT
EAD OR CURRENT SECTOR register and will
not issue step pulses.
BIT1 =0 IMPLIED SEEK EMNABLED. The UDC will
:Fdate the CURRENT CYLINDER, CURRENT
EAD and CURRENT SECTOR register and will
issue step pulses if requird,

BITO =1 TRANSFER ENABLED. The UDC will transfer
data from the disk 1o the system. The DMA

REQUEST status bit (in the INTERRUPT STA-
TUS register) will be set when the UDC requires
servicing.
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BITO =0 TRANSFER DISABLED. The UDC will not
transfer data read from the disk, but all error
checking circuitry will be enabled.

FORMAT TRACK ?Hu Values 60 to 7F)
This command causes the UDC to format the current cyl-
inder from the leading edge of oneindex mark to the leading
edge of the next index mark. The format chosen is depen-
dent on the Drive Select command.

During execution of the FORMAT TRACK command, the
UDC will fetch all required ID field data from external mem-
ory, and write it to the disk, along with format constants sup-
plied automatically by the UDC. This reduces the number
of bytes required to format a sector to 3 or 4, depending on
the format chosen.

Before the FORMAT TRACK command can be given, the
system processor must:
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1

Generate an ID Field Table for the track in UDC memory
area. This ID Field Table consists of:
IDENT BYTE (not required for floppy disk FM format)
CYLINDER BYTE
HEAD BYTE
SECTOR NUMBER BYTE
SECTOR SIZE/ECC SIZE BYTE (not required for
IBM®& PC-AT FORMAT) repeated for each sector on
the track.

INTERLEAVED SECTORS

e

The UDC can format a track with interleaved sectors by
staggering the sector numbers. For example, to formata
32 sector track, with a sector interleave factor of 4, the
system processor would set up the ID Field table sector
numbers as follows:
0,8,16,24,1,9,17,25,2,10,18,26,3,11,19,
27...7,15,23,31.

(Note that when formatting in IBM® PC-AT and floppy FM

maodes, only four bytes are required for each sector, while

five bytes are needed for floppy MFM and user definea-

ble formats. Also note that sector numbers start with zero

{ﬂ} on IBM* PC-AT compatible format, and start with one
1) on IBM formatted floppy diskettes.)

. Load the UDC DMA reqisters with the starting address

of the external memory buffer containing the ID Field data
just created.

. Issue the DRIVE SELECT command, which moves the

DMA registers to the CURRENT HEAD, CURRENT
CYLINDER, and a TEMPORARY REGISTER., (This is
necessary because the UDC will now re-use the DMA
registers to hold format parameters).

When formatting multiple cylinders, the system proces-
sor does not need to re-issue DRIVE SELECT between
cylinders as the STEP IN and STEP OUT commands
preserve the DMA addresses and format parameters. It
is necessary, however, to update the ID Field table,
described in #1, above,

. Loadthe DESIRED HEAD register with the proper value.
. Load the following values (in the format shown) into the

registers indicated below:

PARAMETER FORMAT REGISTER

GAP 0 Size two's complement DMA 7-0
format

GAP 1 Size two's complement DMA 15-8
format

GAP 2 Size two's complement DMA 23-16
format

GAP 3 Size two's complement Desired Sector
format

Sync Size one's complement Desired Cylinder
format

Sector Count one's complement Sector Court
format

Sector Size Mult. | one's complement Retry Count
format

FORMAT PARAMETERS TABLE

When using the hard disk format, the values for GAP 0
and GAP 1 must both be set to the same number, and
loaded into the appropriate DMA register.

The Sector Size Multiple pro?rams the UDC to format with
a sector size that is a multiple of 128 data field bytes. For
example, to format a track with a sector data field size of
256 bytes, then the Sector Size Multiple would be set to
FD hex, which is "2" in one's complement notation.

In IBM® PC/AT mode, the sector sizes allowed are 128,
256, 512, or 1024 bytes. In IBM*® floppy disk format, the
sector sizes allowed are 128, 256, 512, or 1024 bytes. With
user defineable hard disk formats, allowed sector sizes
are 128, 256, 512, 1024, 2048, 4096, 8192, or 16384 bytes.

6. Load the MODE register to specify the step rate, single
or double density option, and CRC/ECC options.

7. Step to the desired track. For the first track, this is nor-
mally done by issuing a RESTORE DRIVE command, to
return the heads to Cylinder 000, then use the STEP IN
1 or STEP QUT 1 commands to move the head to sub-
sequent cylinders on the disk.

B. Issue the FORMAT TRACK command. All data fields on
the disk will be filled with E5 hex. In double density
recording (MFM) a.l:é;aps will be filled with 4E hex, while
in single density (FM) all gaps will be filled with FF hex.
}higs format is compatible for IBM specifications for floppy

isks.

9. To Format additional tracks, it is only necessary to update

the ID Field table E:teg 1) and reé:»eat steps 7 and 8. Do
NOT meodify the DESIRED HEAD register when format-
ting additional tracks with the same head. If it is neces-
sary to change the DESIRED HEAD register, the system
processor must repeat all steps described above.
The FORMAT TRACK command allows the user to
specily several options. These options are specified by
setting the appropriate low order bits in the command
word. The bit mapping for these options are:

BIT 4 = 0 Write Deleted Data Mark. During the format
process, the UDC will write the deleted data
mark (F8 hex) for the data address field.

BIT 4 = 1 Write Normal Data Mark. During the format
?mcess, the UDC will write the normal data

ield address mark (FB hex).

BIT3 = 1 Write with Reduced Current. When this bit is set,
the Reduced Write Current Output will go high
(active) during the Output 2 time slot.

BIT3 = 0 Write with Normal Current. When this bitis reset,
the Reduced Write Current Output wil remain low
(inactive) during the Output 2 time slot.

Bits 2, 1, and 0 are used to select the Write Precompensa-

tion value to be used during the format of disks. The follow-

& ing table specifies these values:



SECTOR SIZE FIELD BITS (IBM* FLOPPY AND USER
SELECTABLE HARD DISK FORMATS)

DBz DB1 DBO IBM FD FORMAT HD FORMAT
0 i} 0 128bytes/sector 128 bytes/sector
0 o 1 256 bytes/sector 256 bytes/seclor
0 1 0 S512bytes/sector 512 bytes/sector
0 1 1 1024 bytes/sector 1024 bytes/sector
1 0 0 notused 2048 bytes/sector
1 0 1 notused 4096 bytes/sector
1 1 0 notused 8192 byles/sector
1 1 1 notused 16,384 bytes/sector

FORMAT ECC TYPE FIELD (IBM® FLOPPY AND

USER SELECTABLE HARD DISK FORMATS)
DB7 DB6 DB5 DB4 HD FORMAT
0 0 0 0 4 ECC bytes generated/checked
1 1 1 1 5ECC bytes generated/checked 31
1 1 1 0 6 ECC bytes generated/checked (1
1 1 0 1 7 ECC bytes generated/checked (1)

note 1: WITH EXTERNAL ECC

IBM® MFM FLOPPY DISK FORMAT:

ID FIELD DB7 DBe DB5 DB4 DB3 DBz DB1 DBO
IDENT*® Ident Byte

CYLINDER track number

HEAD side number )
SECTOR sector number sector size
SECTOR SIZE (3 bits)

IBM* FM FLOPPY DISK FORMAT:

IO FIELD DB7Y DB6 DBs DB4 DB3 DBZ DB1 DBO
CYLINDER track number

HEAD side number

SECTOR sector number

SECTORSIZE X X X X X sector size

HARD DISK FORMAT: IBM PC-AT FORMAT
(512 BYTES)

ID FIELD DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

IDENT ident Byte

CYLINDER cylinder number (8 LSB's)

HEAD 0 scir sctr O hd# hd# hd# hd#
bit1 bit0 bit 3 bit2 bit 1 bit0

SECTOR sector number

HARD DISK FORMAT: (USER SELECTABLE
SECTOR SIZE)

ID FIELD DB7 DB6 DBS DB4 DB3 DBE2 DB1 DBO
IDENT* Ident Byle
CYLINDER cylinder number (8 LSB's)
HEAD bad cyl# cy‘l# cyl# hd# hd# hd# ha#
ﬁctr bit10 bit 9 bit8 bit3 bit 2 bit 1 bit 0
SECTOR ~ seclor number
SECTOR SIZE ECC type X sector size
[ {3 bits)
*for double density
ID FIELD
IDENT BYTE CYLINDERS
FE 0 - 255
FF 256 - 511
FC 512 - 767
FD 768 - 1023

WRITE SECTORS LOGICAL (Hex Values Eg tt:m BF,
ru
This command will cause the UDC to write logically con-
secutive sectors on the disk. Before issuing this command,
the system processor must load the following UDC

registers:
DESIRED SECTOR DESIRED CYLINDER
SECTOR COUNT

DESIRED HEAD

DMA 7-0 DMA 15-8

DMA 23-16 MODE

RETRY COUNT REGISTER A (for IBM®
PC-AT Mode)

Since retries during a write command are not valid, the
high order nybble of the RETRY reqgister should be set to
0, in 1’s complement format (1111).

( ware )

SEEK TO
DESIRED CYLINDER

:

WRITE DATA MARK
OR DELETED
DATA MARK

'

WRITE DATA
TO DISK

!

CALCULATE CRC OR
ECC BYTES AND
WRITE TO DISK

(  RETURN )
WRITE DATA OPERATION

Before writing data to the selected disk drive, the UDC will
read the current |D field, step to the desired cylinder (if
enabled in command) and verify that has located the cor-
rect cylinder and sector. (These steps were described pre-
viously under “UDC Command Overview").

After the "Verify" sequence is done, the "data transfer”
sequence begins. The UDC will first write either a Data
Mark (FB hex) or Deleted Data Mark (F8 hex) on the disk,
as selected by the user (see below). Then the UDC will
transfer a sector's worth of data (using DMA) from the
memory area specified by the DMA registers. After writing
out the sector, CRC or ECC bytes will be written as spec-
ified by the MODE register.

Next, the SECTOR COUNT register is decremented, and
if not yet equal to 0, the operation continues for the next
logical sector.

This command allows the user to specify several options.

These options are specified by bits in the command word
and are as follows:

BIT6 = 1 IMPLIED SEEK DISABLED. The UDC will

not update the CURRENT CYLINDER,
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CURRENT HEAD OR CURRENT
SECTOR register and will not issue step
pulses.

BIT6 = 0 IMPLIED SEEK ENABLED. The UDS will
update the CURRENT CYLINDER,
CURRENT HEAD and CURRENT
SECTOR register and will issue step
pulses if required.

BITS ALWAYS 1.

BIT 4 DELETED DATA MARK. Data will be
written with a Deleted Data Mark (F8 hex)

in the ID field.

]
-

BIT 4 = 0 NORMAL DATA MARK. Data will be writ-
ten with a Normal Data Mark (FB hex) in
the 1D field.

BIT3 = 1 REDUCED WRITE CURRENT. Setting

this bit will cause the UDC's Reduced

Write Current output to go high.

BIT 3 = 0 NOBMAL WRITE CURRENT. Resetting
this bit will cause the UDC's Reduced
Write Current output to go low.

Bits 2, 1, and 0 are used to select the Write Precom-
pensation value to be used during writes to floppy
disks. The table below specifies these values.

Precompensation
(For Floppy Disks)

MNone, enable EARLY and
LATE Qutputs

600 nsec, Minifloppy only
500 nsec, Minifloppy only
400 nsec, Minifloppy only
300 nsec

200 nsec

100 nsec

MNone, suppress EARLY and
LATE QOulputs

NOTE: For hard disks, precompensation is handled
with an external delay line, which is tonnected to
the EARLY and LATE Qutputs of the UDC. These
lines toggle in response to the data pattern being
written to the disk.

BIT1|BITO
1 o

w
o| 4
3+

o ] e P R
OO0
P T ) e P gy

WRITE LONG

This command will cause the HDC9234 to transfer one
sector of data and four ECC bytes from the buffer to the
disk. The system processor must load the following UDC
registers:

DESIRED SECTOR DESIRED CYLINDER
DESIRED HEAD SECTOR COUNT
DMA 7-0 DMA 15-8

DMA 23-16 MODE

RETRY COUNT REGISTER A

(for IBM® PC-AT mode)
WRITE LONG can operate on only one sector per com-
mand. The sector slew register should be programmed to
1. The value in the retry counter is decremented by the
HDC9234. It should, therefore, be programmed for each
Write Long command.

This mode is enabled by programming the mode register
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(R8) bits 6 and 5 to 01. In this mode there is no retry. The
retry counter register (R7) will be used as the ECC check
byte length counter. The 1's complement value of the desired
check byte length plus two should be programmed into
these 4 bits, mapped as follows:

REGISTER 7 ECCLENGTH
1111 2
1110 3
1101 4
1100 5
1011 7
- - i

The system processor then issues the Read Sector Logic
command. Signal ECCTM will not be activated in the WRITE
LONG operation.

Before writing data to the selected disk drive, the UDC will
read the current ID field, step to the desired cylinder (if en-
abled in command) and verify that it has located the correct
cylinder and sector. (These steps were described previ-
ously under "UDC Command Overview").

After the "Verify" sequence is done, the “data transfer”
sequence begins. The UDC will first write either a Data Mark
(FB hex) or Deleted Data Mark (FB hex) on the disk, as
selected by the user (see below). Then the UDC will trans-
fer a sector's worth of data including the programmed num-
ber of ECC bytes using (DMA) for the memory area specified
by the DMA register.

This command allows the user to specify several options.

These options are specified by the bits in the command
word, as follows:

BIT6 = 1 IMPLIED SEEK DISABLED. The UDC will
not update the CURRENT CYLINDER,
CURRENT HEAD or CURRENT
SECTOR register and will not issue step
pulses.

BIT6 = 0 IMPLIED SEEK ENABLE. The UDC will
update the CURRENT CYLINDER,
CURRENT HEAD and CURRENT
SECTOR register and will issue step pulses

if required.
BIT5 = ALWAYS1.
BIT 4 = 1 DELETED DATA MARK. Data will be writ-

ten with a Deleted Data Mark (F8 hex) in
the ID field.

BIT 4 = 0 NORMAL DATA MARK. Data will be writ-
ten with a Normal Data Mark (FB hex) in
the ID field.

BIT3 = 1 REDUCE WRITE CURRENT. Setting this

bit will cause the UDC's Reduced Write

Current output to go high.

BIT 3 = 0 NORMAL WRITE CURRENT. Resetting
this bit will cause the UDC's Reduced Write
Current output to go low.

Bits 2, 1, and 0 are used to select the Write Precompen-
sated value to be used during writes to disks. The table
below specifies these values.



Precom, ation
BIT2|BIT1|BITO (For Floppy Disks)
0 1 v} MNone, enable EARLY and LATE
Qulputs
1 0 1 600 nsec, Minilloppy only
0 1 1 500 nsec, Minifloppy only
1 1 1 400 nsec, Minifloppy only
1 1 0 300 nsec
1 ¥ 0 200 nsec
0 0 1 100 nsec
0 0 0 None, suppress EARLY and LATE
Outputs

NOTE: for hard disks, precompensation is handled with an
external delay line, which is connected to the EARLY and
LATE Outputs of the UDC. These lines toggle in response
to the data pattern being written to the disk.

WRITE SECTORS PHYSICAL (Hex Values 80 thru 9F,

C0 thru DF)
This command will cause the UDC to write physically con-
secutive sectors on the disk. Before issuing this command,

the system processor must load the following UDC registers:

DESIRED SECTOR DESIRED CYLINDER

DESIRED HEAD SECTOR COUNT

DMA 7-0 DMA 15-8

DMA 23-16 MODE

RETRY COUNT REGISTER A (for IBM*
PC-AT Mode)

Since retries during a write command are not valid, the high
order nybble of the RETRY register should be setto 0, in
1's complement format (1111).

Before writing data to the selected disk drive, the UDC will
read the current |D field, step to the desired cylinder (if ena-
bled in command) and verify that it has located the correct
cylinder and sector. (These steps were described previ-
ously under "UDC Command Overview").

After the "Verify” sequence is done, the “data transfer”

uence begins. The UDC will first write either a Data Mark
(FB hex) or Deleted Data Mark (F8 hex) on the disk, as
selected by the user (see below). Then the UDC will trans-
fer a sector's worth of data (using DMA) from the memory
area specified b)étha DMA registers. After writing out the
sector, CRC or ECC bytes will be written as specified by the
MODE register. Next, the SECTOR COUNT register is dec-
remented, and if not yet equal to 0, the operation continues
for the next physical sector.

This command allows the user to specify several options.
These options are specified by bits in the command word
and are as follows:
BIT6 = 1 IMPLIED SEEK DISABLED. The UDC will
not update the CURRENT CYLINDER,
CURRENT HEAD or CURRENT
SECTOR register and will not issue step
pulses.

BIT1 = 0 IMPLIED SEEK ENABLED. The UDC will
update the CURRENT CYLINDER,
URRENT HEAD and CURRENT
SECTOR register and will issue step

pulses if required.

BITs = ALWAYSO.

BIT 4 = 1 DELETED DATA MARK. Data will be
written with a Deleted Data Mark (F8 hex)
in the 1D field.

BIT 4 = 0 NORMAL DATA MARK. Data will be writ-

ten with a Normal Data Mark (FB hex) in
the 1D field.

BIT3 = 1 REDUCED WRITE CURRENT. Setting
this bit will cause the UDC's Reduced
Write Current output to go high.

BIT3 = 0 NORMAL WRITE CURRENT. Resetti
this bit will cause the UDC's Reduce
Write Current output to go low.

Bits 2, 1, and 0 are used to select the Write Precom-
pensation value to be used during writes to floppy
disks. The table below specifies these values.

Precompensation
{For Floppy Disks)

MNane, enable EARLY and LATE

tputs

600 nsec, Minifloppy only

500 nsec, Minifloppy only

400 nsec, Minifloppy only

300 nsec

200 nsec

100 nsec

Mone, suppress EARLY and LATE

BIT2|BITA
0

BITO

o

OO0 ==

) ks i ks (5

Outputs

MNOTE: for hard disks, precompensation is handled with an
external delay line, which is connected to the EARLY and
LATE Qutputs of the UDC. These lines toﬂgla in response
to the data pattern being written to the disk.

TAPE BACK-UP (Hex Values = 08 to OF)
The TAPE BACK-UP command set provides the system with
the capability of transferring data to and from a tape drive
in continuous blocks. TAPE BACK-UP utilizes the UDC's
DMA, data conversion, error detection/correction and sec-
tor count circuitry.

Because of the mechanical and electronic differences
between tape drives and disk drives, some of the register
bits described earlier in this data sheet change functions
when the UDC is executing the TAPE BACKUP COM-
MAND. In many cases, the CLK input to the UDC will also
need to be changed to compensate for the slower data rate
from tape drives.

TAPE BACKUP REGISTER DESCRIPTION

The following bits in the UDC's register file assume the
functions listed below when executing the BACK-UP com-
mand and should be programmed accordingly.

The following tables describe the differences in register
usage when the UDC is executing the TAPE BACKUP
command. (Complete TAPE BACKUP register bit maps are
located in rear of the data sheet.)

MODE REGISTER
Bit2 = 1 16 byte sync detect delay enable
= 0 16 byte sync detect delay disabled
1 TAPE BACKUP Write Enable (writing)
0 TAPE BACKUP Write Disable (reading)
1 Tape mark enable (short block)
0 Tape mark disable (long block)

Bit 1

Bit0

RETRY COUNT REGISTER

Bits 7-4 Retry should be disabled, by setling these bits to
“1". (Retry Disabled)

Bits 3-0 program outputs (user controlled) Bit 3 is typically
used for write enable to the tape drive.
Bits 0 and 1 are typically used for tape driven
motion control as per drive manufacturer’s
specification.
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DESIRED CYLINDER
Bits 7-4ECC Type Field:
DB7 DB DBs DbB4 ECCTYPE
o 0 1] 1] 4 ECC bytes generated/
1 1 1 5ECC % g ted
1 g3 generated/
1 1 1 0 BECC ;ﬂhacked ted/
a5 genera

checked
1 1 0 1 7 ECC bytes generated/

checked

note: 5, 6, 7 byte ECCs are D%naratﬂd and checked by
hardware external to the UDC.

DESIRED CYLINDER

Bit3 Always 1
Bits 2-0 Data Block Size:
DB2 DB1 DBO DATABLOCKSIZE
0 0 0 128 bytes
0 0 1 256 bytes
0 1 0 512 bytes
0 1 1 1024 bytes
1 0 0 2048 bytes
1 0 1 4096 bytes
1 1 0 8192 bytes
1 1 1 16,384 bytes

Remember that the UDC internal ECC code can correct up
to a 4K byte long Data Block, but that the larger the Data
Block the greater the probability of a miscorrection.

Also, when executing the TAPE BACKUP command, the
DRIVE SELECT command is altered slightly, as illustrated
below:

DRIVE SELECT COMMAND
Bit# 7 6 5 4 3 2 10
Dive 0 0 1 RampUp/Down 1 CLK 1 0
Select delay enable divisor
DB2 CLOCK DIVISOR FOR TAPE

0  CLKisdivided by 10 (similar to 8 floppy divisor).

1 CLK is divided by 20 (similar to 5.25' divisor).

Read and Write functions of TAPE BACKUP share a com-
mon command byte. The three LSB's of the MODE register
are also used by the TAPE BACKUP command to specify
% options, and to select between tape read or tape write
e.

Two kinds of blocks may be specified when reading or writ-
ing dependent on the state of the TAPE MARK ENABLE bit
in the MODE register:

1. DATA BLOCK. The Ian?th of the data block (also
called a long block) is equal to:

2" 128 bytes where nis an integer
between 0 and 7 inclusive. The
desired length of the data block (27)
is programmed into the desired cyl-
inder register.

The minimum length of the tape
mark (also called a short block) is 3
bytes. The maximum length of the
tape mark is 257 bytes. The desired
length is programmed into the sec-
tor count register.

Multiple data block transfers are accomplished by pro-
ramming the 1's complement of the desired number of data
locks to be transferred into the sector count register.

The three LSB's of the MODE register function as part of
the BACK-UP command word. The WRITE ENABLE bit
determines whether loading the BACK-UP command into
the UDC will initiate execution of a BACK-UP READ or
BACK-UP WRITE sequence. The TAPE MARK ENABLE
bit determines whether the UDC will write a short or long
block of data on the tape and the DELAY ENABLE bit deter-
mines whether or not the RDGATE signal is stretched when
it coincides with a sync mark when reading the tape. The
remaining bits in the command word are as follows:

2. TAPE MARK.

COMMAND DB7 DB6 DB5 DB4 DB3 DB2 DB1_ DBO
BACK-UP 0 0 0 0 1 0 0 xler
(READING) enable
BACK-UP

(WRITING) precomp value

These bits, in conjunction with Bits 4 and 7 of the MODE
register, will allow selection of both FM and MFM recording
on tape, with a tape format that resembles IBM compatible
floppy disk formats.

Setting the Drive Type bits to 1,0 or 1,1 will also cause the
UDC to take on the following characteristics:

-DMA mechanism transfers a byte (8 bits) and relin-
quishes the bus.

~The RDGATE and WRGATE output signals have timing
characteristics as shown in Figures 12A and 12B of the
UDC spec.

—The gap lengths are as illustrated in Table 1 or the UDC

spec.
—Tape tormat parameters will be as per Table 1 of the UDC
spec.

COMMAND EXECUTION OVERVIEW

The tape backup command allows the user a convenient
method of backing up either floppy or hard disks to tape.
The UDC may be interfaced to either cartridge or cassette
tygg tape drives, working in either streaming or start/stop
mode.
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BACK-UP READ
When reading a short block, only CRC is checked. When
reading along block, CRC or ECC will be checked, depend-
ing on the CRC/ECC bits in the Mode register.
Bit0 = 1 Data transfer enabled, error checking enabled
= 0 Data transfer disabled, error checking enabled

BACK-UP WRITE ) X :
When writing, the precompensation value is derived from

the CLK frequency as follows:
Bit2 Bit 1 Bit0 Precompensation

0 1 0  None, enable EARLY and LATE
i 0 1 6CLK cycle periods
0 1 1 5CLK cycle periods
1 1 1 4 CLK cycle periods
1 1 0 3 CLK cycle periods
1 0 0 2CLKcycle periods
o o 1 1 CLK cycle period
o 1] 0  None, suppress EARLY and LATE

PRECOMPENSATION SELECT FOR BACK-UP COMMAND

TAPE BACKUP SYSTEM CONFIGURATION NOTES

(A schematic showing a typical system implementation
using the TAPE BACKUP feature is contained in Sche-
matic Diagram 2.)



1. Proper operation of the TAPE BACKUP command
requires that the tape drive be addressed as DRIVE #3
by the UDC.

. During the UDC's OUTPUT 2 period external circuitry
must enable a separate latch to receive the user defined
10 bits and tape track number bits. This latch should
use the ﬁﬁi‘%% SELECT 3 signal (output during the
QUTPUT 2 period) so that the contents of the latch may
only be changed when the tape drive is selected.

Four additional drive control signals may be loaded into
the four LSB's of the RETRY COUNT register. These
additional uutguts are latched externally during OUT-
PUT 1 times for use by the tape drive. These outputs
would normally be used to control tape drive Write Ena-
ble logic (bit 3) and tape motion (bits 0 and 1), and tape
motor on and off (bit 2).

. Itis important to consider the time required for a
drive 1o come up to upemtirﬁ speed when using the
TAPE BACKUP command. Also, to insure adequate
Spa{:m between tape blocks, a delgﬂ_:s frequently
required before stopping tape motion. The UDC has a

rammable Ramp Up and Ramp Down timer to allow
ar easier implementation. The desired delay is pro-

When controlling a start/stop tape drive, the UDC will
write the data "block by block”. The system will issue
a Drive Select command to the UDC with the Tape
Motion, Motor On and Write Enable bits set to start

and write data to the tape.

The UDC will interrupt the system after the comple-
fion of the Ramp Up Delay i ing that the tape drive
is up to speed. This interrupt is distinguished by the
Command Termination e of 0-0 (normal comple-
tion of command).

The System then outputs the Write command (for a
lang or short block) and waits for the command ter-
mination interrupt. The UDC will write the Sync mark
and tape mark or data block on the tape.

When the ?«slem receives the interrupt indicating
completion of the Write command, it will issue another
drive select command with the Motor On and Write
Enable bits set to slop the drive. The UDC will inter-
rupt the system after completion of the Ramp Down
Delay indicating that the tape has stopped moving.

The UDC will turn the Write Gate signal on whenitis
writing data and off when it is not, without regard to

the tape motion. The Write Gate signalis used m%?-:i-;
erate "gaps” onthe between the data blocks.

is done by externally forcing the two Data outputs with
the Write Gate signal such that the Data + signal is

rammed info the DATA/DELAY ;edgister before issuing
the DRIVE SELECT “3" command.

high and the Data — signal is low when the UDC is
DENSITY BIT oY : i
CLOCK MODE not writing data to the tape (Write Gate is off):
DIVISOR| REGISTER | TIME IN SECONDS PER
BIT BIT 4 DELAY REGISTER COUNT [DWE PR N——
1 1 (Single) 1 CLK Cycle * 80000
1 0 {Dﬂl?bie} 1 CLK Cycle * 40000 _] GAP l TAPE MARK AND/OR DATA BLOCK I GAP 1
0 1 &Singti]e] 1 CLK Cycle * 40000
0 0 (Double) 1 CLK Cycle * 20000 WRITEGATE: .
The UDC will issue a normal interrupt (with the com- I
mand termination code set to 0-0) when the RAMP UP j—,
or RAMP DOWN timer has expired.
TAPE SPEED

4. BACK-UP WRITE. The user will first request the UDC
to perform a disk READ TRACK command, with the
TRANSFER ENABLE bit in the command word reset.
This will cause the UDC to transfer only the 1D field
information to memory.

The TAPE BACKUP command will then be issued

TAPE AT SPEED

STORPPED  f STOPPED

= RAAMP UP DELAY ==  RAMP DOWN DELAY

DRIVE SEL f— BACKUP I— DRIVE SEL

=
=
=
T
3
Lk
o

R i . o o 1. l@pe motion on 1. reid oF writa 1. tape maton off
2 anabl 2 short block 2. wrilg onabla off
causing the UDC to write this ID information to the tape e eredls 0n iong of wile onable

as a tape mark (typically 96 bytes for a drive formatted
with a 3 byte/sector ID field or 128 bytes for a drive for-
matted with a four byte/sector 1D field. The data fields
should then be transferred to the tape in a similar
manner.

The UDC may be used with either “Streaming” or “Start/
Stop” type tape drives. This is illustrated by the follow-

{read)

B. STREAMING TAPE DRIVE:

typically transfers 1 sector at a time as illustrated
by the following flow chart:

s START TAPE DRIVE
A. START/STOP TAPE DRIVE: i
typically transfers 'z or 1 disk track at a time as illus- READ DATA FROM DISK TO MEMORY
trated by the following flow chart: | 1
| WRITE BLOCK FROM MEMORY TO TAPE
— FEAD DATA FROM DISK TO MEMORY T
* STOP TAPE DRIVE
START TAPE DRIVE
I

Control of a streaming tape drive is similar to that of a
WRITE BLOCK FROM MEMORY TO TAPE start/stop drive. The %a;;e.F?s started at the beginning
+ of the dat?h transfer_r ahnﬂd stopped al‘tier th:{;aatt]gltoak is

written tothe tape. tapeisnotsto inbetween

STROF TAPE DRIVE blocks. The UD%BWHI however turn the Write Gate sig-
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nal on when it is writing data and off when it is not so
that gaps will be written (with external hardware) on
the tape between the data blocks.

5. BACK-UP READ. The data is read from the lape (in
either start/stop or streamer mode) and buffered in
mhergury. The disk track is then reconstructed from
the data.

The start/stop drive typically has a track (Iur half atrack)
of disk data stored as a block. It is therefore expedient
to read in the data "block by block". When reading data
from a streamer drive use can be made of the SECTOR
COUNT register and a track's worth of data blocks may
I:Fja r:aﬂ from the tape before generating the track on
the disk.

Tape motion control is similar to that described above
except that the Write Enable Bit is off to inhibit writing to
the tape. The UDC reads the tape until it detects a sync
mark. After detecting a sync mark the UDC will transfer
the data found on the tape to memory.

. The search count is used when reading the Mt
specifies a maximum number of blocks of 128 bytes
between adjacent data blocks. If the search count
expires before sync is detected, the command is
terminated.

For example, if a search count of two is specified by
loading the Desired Sector register with FD (hex), the
UDC will search for 256 byte times before terminating
the command. This will prevent the UDC from acciden-
tally skipping a block. The search count is typically about
the size of one block length., In the following figure, TM1
and TM2 are two tape marks and DB1, DB2, DB3 etc.
are their associated Data Blocks:

a1 o Doe2 D3 4 ™2 D81

L i i i [ ' i ] i i k J [ i
L) 1 ¥ 1 L 1 ¥ 1 F 1 F 1 L 1

——

saanch ool

. 16 BYTE DELAY. Provision is made to shift the RDGATE
pulse in the event that it coincides with the data block
nc mark. If a tape cannot be read (sync is never
BtEI;:‘ft;d} the tape can be re-read with the 16 byte delay
enabled.

DATA , GAP _},‘.ﬂc DATA : QAP
RDGATE without detay | 5 5 O I R N B
miss sync mark delec
RDGATE with delay L L LU U u

L 16 byte delay

8.

9.

The DRIVE STATUS bits may be used by the tape drive
if they are enabled (on the drive) by DRI .
The ready change interrupt is especially handy for
detecting start of tape {SOTF; and end of tape (EOT) as
a UDC command can be terminated by a change in state
of the READY input.

The DATA FORMAT is as follows:

PRE TMSYNC TAPE MARK POST GAP PRE DBSYNC DATA BLOCK PG&'I'GAPJ

10.

658

The Tape Mark sync mark (TMSYNC) is composed of
three bytes of A1 (Hex) followed by one byte of FE (Hex).
The Data Block sync mark (DBSYNC) is composed of
three of A1 (Hex) followed by one byte of FB (Hex).
A1 (Hex) is encoded with the standard missing clock
pattern.

The sync mark is preceeded by a "preamble” consist-
ing of bytes of 00 as per figure 2 of the UDC spec (this
is required to synchronize the data separator when
reading the tape). The Tape Mark and Data Block
(including CRC or ECC bytes) are followed by a "post-
amble” consisting of one byte of 00.

Note that the postamble is not included in the Floppy
Disk formats. The GAP sizes are dependentonthe type
of drive (start/stop or streamer) and the specific
mechanical tape drive specifications.

Use can be made of the Sector Count register when
dof::ﬁ a "file" (versus a “mirror image") backup on a
start/stop tape drive. Instead of transferring the entire
ﬁskhtaﬁk to the tape in one long block, the data is moved
ile by file.

If, for example, it is desired to back up a file consisting
of five 256 byte long Hard Disk sectors, a 2048 long
Data Block would have to be used for an image backup
(the Data Block size is specified as 2" " 128 restricting
blocks to 128, 256, 512 etc.). This would result in a lot
of wasted space on the tape.

It file backup is used and the Sector Count is set to five,
256 byte long Data Blocks can be used. Gaps will be
generated on the tape corresponding to the time
required to get the data from the disk drive (correspond-
ing to DMA delays and the disk interleave factor).

The tape will not be stopped until the entire file is trans-
ferred. When using sector count, the UDC internal pro-
gramming will create inter-block IﬂA s of about 300 32
bytes on the tape in both single ( BgJanl:I double (MFM)
density modes.



SYSTEM CONFIGURATION NOTES

A simplified UDC schematic is shown in Schematic 1. The

following notes may be helpful in implementation of the UDC.

1. In systems using a private memory area, it is important
to know when the buffer needs_servicinq'from the host
processor. A second interrupt signal %1? 2) signals the

processor that servicing is needed. INT2is enaratedbr
externally ANDING the signai with STB1 signal.

he 1 signal is active when the UDC is outputing
the DMA address data, and occurs when is active

(low), S0 is active (high) and S1 is inactive (low)).

This “interrupt” occurs only when the UDC needs the
system processor to either read from or write to the buffer
memory. When reading from the disk, the system pro-
cessor should empty the memory buffer each time this
signal becomes active. (If an ECC error is detected, and
error correction Is enabled, this signal will not become
active until the UDC has attempted to correct the error.)

When writing data to the disk, the system processor must
fill the buffer each time this signal becomes active.

2. The DIP (DMA in Progress) signal is used to isolate the
buffer me: from the main system memory. If 74L5244

and 74L5245 address butfers are used in the memory

addressing circuits, then this signal should be used to
enable or disable the address buffers, as required. This
eliminates the possibility of memory contention problemns.

3. Write precompensation (for floppy disks) is handled
internally by the UDC. For hard disks, the LATE and
EARLY signals are connected to a multiplexer which, in
turn is connected to a 24 ns delay line. The EARLY and
LATE signals will tugﬁlle in response to the data pattern
being written. This will allow the data being written to the
shifted = 12 ns from the nominal 12 ns delay specified
by hard disk manufacturers,

4, The interface to the hard disk drive data inputs and out-
puts requires RS-422 data tranceivers. Other disk drive
interface circuits (including floppy disk data inputs and
outputs) may be 74LS series devices.

5. Since the UDC uses its Aux Bus for multiple functions,
the system designer must be able to determine which
function is occuring on the Aux Bus at any given time.
The S0 and S1 signals, when combined with STB signal
are decoded (using a 74L5138 or equivalent) to provide

-3 signals.

These generated signals and their respective functions
are:

STBO Drive Status Input Time Slot

STB1 External DMA Address Counters Time Slot
STB2 Output 1 Time Slot

STB3 Output 2 Time Slot

6. The clocks required by the UDC are not TTL-level com-
patible. Pullup resistors (typically 390 ohms) should be
used with Schottky drivers 1o insure that the clock signals
reach the proper Input (high) level, with acceptable rise
and fall times.

7. The UDC features a built-in DMA controller that requires
connection to external counters. These counters are
configured so that thr-.g are incremented after each byte
is transferred. (The UDC's internal DMA circuits transfer

the starting memory address for each read or write oper-
ation.) 74LS161 Counters are typically used in this area.

B. The DMACLK input should be tied to the master system
clock, through a bus buffer, It is important to remember
that 1If1rea DMACLK periods are required for each DMA
transfer.

8. The system design may be simplified, and costs reduced,
by using the FDU 9216B Floppy Disk Data Separator, to
Hﬁaﬁ'éf IE&W data from the floppy disk drive into RDATA
an :

ERROR CHECKING AND CORRECTION CIRCUIT (ECC)
OPERATING PRINCIPLES

The UDC will automatically detect and correct errors in the
data read from the disk. Error checkin ma‘Ebe done using
industry standard CRC or ECC encoding. Error correction
may be done using either internal or external ECC encod-
ing. This section will explain ECC operation, as imple-
mented on the UDC.

The UDC contains two 16-bit registers used by the CRC/
ECC circuits. CRC logic uses only one of these registers,
while the logic for ECC uses both registers, implementing
a full 32-bit algorithm.

These registers may be preset to either one or zero, usin
the CRC PRESET bit in the INTERRUPT/COMMAN
TERMINATION register. (This allows compatibility with
existing disk controllers and external ECC chips.) Both ECC
and CRC are calculated beginning with the sync mark of
the address (CRC) or data (ECC) field.

CRC/ECC GENERATION
The UDC usesthe fﬂ!lowingEindu stry standard polynomials
in computing the CRC and ECC check bytes:

CRC: X" +x' 4x5 4+1

ECC: X% +x2 4x% +3" + X7 4+ %' + %8 +%x2 +!
As the UDC writes data to the disk drive, it first passes this
datathru the CRC (and, if enabled, ECC) registers. After all
data has been written, the remaining two (CRC) or four

(ECC) bytes remaining in these registers are written to the
appropriate address or data field.

CRC/ECC CHECKING

When CRC or ECC checking is initiated, the internal CRC/
ECC registers are set to either zero or one, as required
the CRC PRESET bit in the INTERRUPT/COMMAN
TERMINATION REGISTER. Data read from the disk is
simultaneously shifted thru the CRC/ECC registers, and
transferred fo external memory.

After the CRC or ECC check bytes have been shifted thru
the CRC/ECC registers, the remainder in these registers
should be zero, else an error has occurred in the address
or data block.

It CRC or ECC (without correction) is enabled, automatic
retry (ifenabled) or command termination will occur. Ifinter-
nal ECC with automatic correction is enabled, the correc-
tion algorithm will be executed. If the internal ECC algorithm
is unable to correct the error (in one attempt), then auto-
matic retry (if enabled) or command termination will occur.
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ECC CORRECTION
Error Correction consists of three distinct parts:

1. The CRC/ECC r%isterﬁ are normalized by shifting zeros
thru the register. This sets up a data block which is 42,987
bits long, which corresponds to the "natural message
length” of the generation polynomial. The actual number
of zeros shifted through the registers depends on the dif-
ference between the natural message length of the gen-
erator polynomial and the actual length of the data block
being checked. The longest data block that can be cor-
rected (using the internal ECC algorithm) is 4K bytes.

2. The data input to the CRC/ECC registers is then dis-

abled and the DMA counters are re-initialized to the
starting address for this data block. The contents of the
CRC/ECC registers are then "ring-shifted” until 21 con-
seculive zeros are detected. The remaining bits in the
CRC/ECC registers compose the error syndrome. As the
CRC/ECC registers are shifted, the UDC generates DS
signals, causing the external DMA counters to be incre-
mented. When the 21 conseculive zeros are detected,
the DMA counters are pointing to the corrupt data.
If the error syndrome is not found within the data block
the error is judged to be uncorrectable and the correction
algorithm is terminated. (The data block is the length of
the data field in the sector and the 4 ECC bytes. A format
with a sector size of 256 bytes would have a data block
size of 260 bytes.)

3. When the error syndrome is detected, the UDC will ena-
ble its output, read the next byte from memory,
exclusive-or it with the first bHa of the three byte error
syndrome, disable the output and write the cor-

rected byte back to memory. The correction process is
then repeated for the next two bytes in memaory.
When using internal ECC (with correction enabled), the
output is used by the exiernal DMA counters to
inhibit the counters from incrementing their addresses
when correcting the erroneous bytes. When using exter-
nal ECC, the output goes active (low) when the
UDC is requesting the ECC Check Bytes from the exter-
nal ECC chip prior to writing them to the disk.
After a correction is completed, the UDC will then attempt
to read the next sector on the disk (if the SECTOR
COUNT register is still greater than zero). Anytime ECC
correction has been attempted, (even if unsuccessful),
the CORRECTION ATTEMPTED bit in the CHIP STA-
TUS register will be set.
The maximum time required for one ECC Correction Cycle
{using the internal algorithm) is about equal to the time it
takes to read 1 sector.

IMPLEMENTATION

Implementing ECC Correction consists of three steps:

1. Read with Auto-Correction disabled and Retry enabled.

2. When a sector with a hard ECC error is found, enable
Read for one sector (sector count=1) with Auto-
Correction enabled and correct the error.

3. After the correction is completed, issue a new Read
command with auto-correction disabled and retry dis-
abled to transfer the balance of the data.



MAXIMUM GUARANTEED RATINGS*

DC ELECTRICAL CHARACTERISTICS Ta=0Cto +70C, Vec=5.0V =5%

rating Temperature BaNGE ......cciiiiiiiiiiiisiiiiisrariiiaanarsisnstssssasssssssavssatsnsnssssasns Oto +70C
Shortage Temperature BaNge ..........ccooiiiiiiiiiiiiiiiiiiiiiiieciaiciniesainersniseaienae.. — 90 G0 +150C
Lead Temperature (Soldering, 10 880.) . .oiviiiiiiiiiiiii i i s e bt e s s e rs s araras +325C
Positive Voltage on any Pin, with respecttoground ..........coooviiiiiiiiiiiiiiiiiisieiisiissscsnicnacsaan. T8V
MNegative Voltage on any Pin, with respectlo ground ........coiiiiiiii i rr i aines -03V

"Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or at any other condition above those indicated in the operational sections of this
specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maxi-
mum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches”
on their outputs when the AC ris switched off. In addition, voltage transients on the AC power line may appear
on the DC output. If this possibility exists it is suggested that a clamp circuit be used.

PARAMETER MIN TYP MAX UNIT
Input Violtage
Vi Low 0.8 Vv
Vih1 High 2.0 Y all inputs except CLK
Vih2 High 4.2 v CLK input
Output Voltage
Vo11 Low 0.4 v all outputs except WDATA,
Vioh1 High 24 v Early and Late. (Drive 1
TTL load into 50 pf)
Vo12 Low 0.4 " WDATA, EABLY and LATE
Voh2 High 2.4 v outputs. (Will drive 1
Schottky load into 15 pf.)
Input Leakage Current
il 10 uA
Input Capacitance
Cin 25 pt
Power Supply Current 200
lec ma

AC ELECTRICAL CHARACTERISTICS Ta=0Cto +70C, Vec=5.0V £5%

=
=
o |
—
]
o
3

PARAMETER SYMBOL | MIN TYFP MAX UNIT COMMENTS
PF::?% EFtSaS'WD %éwaﬂeﬁ t iJEDISi T 110 FIGURE 3
g ; tup time to psa ns
C/D, R/'W, CS Hold time to DS T Tiis 0 ns
g:g Pulse Width Toew 150 ns
Pulse High Time Tosn 850 ns
Data Bus In Setup time to DS1 Tom 100 ns
Data Bus In Hold time to B 1] ns
PROCESSOR READ CYCLE
Data Access time from DS | Yoce 75 ns FIGURE 3
Data Hold time from DS Too 10 ns
UDC TO MEMORY TIMING
(BUS MASTER)
(based on 10 Mhz DMACLK Input)
Write Setup time to DS Toa 110 ns FIGURE 4
Write Data Strobe Widl Twos 180 ns
Write Hold time from DS1 oy 110 ns
Data Strobe Falling Edge Tose 15 ns
Data Strobe Rising Edge Tt 20 ns
Write Data Valid before 556_5 Tois 90 ns
Write Data Hold time after DS Tvioa 10 ns
Memory Access Time W 200 ns
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PARAMETER SYMBOL COMMENTS

Read Setup time to DS Tra 110 ns FIGURE 4
Read Hold time after IN Tra 110 ns
Read Data Strobe Pulse Wi Tros 180 ns
Read Data Setup time to Dﬁl g e 50 ns
Read Data Hold time from DS ADA 0 ns
DMADLK; to DS Tooo 100 ns
DMACLKT to DS Toos 100 ns
S0, S1, AND 5TB TIMING
Width Tew BOO ns FIGURE7
S0, S1 Hold time after ETET g 100 ns
Data In Setup time to STB Tos 700 ns
Data In Hold time aﬂar T Towm 0 ns
S0, S1 Setup time to STB Tesn 100 ns
Aux Bus Setup time to S’l’ﬁ ; 100 ns
Aux Bus Hold time after STBT Teer 100 ns
INPUT CLOCK TIMING (10 MHz Input)
Clock Rise Time Tar 10 ns FIGURE 2
Clock Fall Time Tax 10 ns
Clock Cycle High Time Tews 40 ns
Clock Cycle Low Time Ter 40 ns
Clock Cycle Time Tew 95 100 105 ns
PRECOMPENSATION TIMING
Early, Late Setup time
(Before WDATAT) Tea 0 ns FIGURE 9
Ear1 Late Hold Time
after WDATA]) Ten 50 ns
FL‘.{EFPT INSF W fime Thhggg( T, 50 FIGURE 10
indow Setup time to ns
Window Hold time from RDDATA{ y i 50 ns
HARD DISK INPUT DATA TIMING
Data Setup time to RDCLK | T 60 ns FIGURE 10
Data Hold time after RDCLK Than 10 ns
Clock Setup time to RDCLK HeB 60 ns
Clock Hold time from RCLK HEA 10 ns
ECCTIM TI;MNG T FIGURE 10
etup to 50
ECCTM Hold after D'é'[ Tﬁ 100 ns
RESET TIMING 1 1S
RST Pulse Width
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FIGURE 12B: RDGATE AND WRITE GATE TIMING
TYPICAL FORMAT PARAMETERS
PARAMETER HARD DISK*** SINGLE DEN. FLOPPY | DOUBLE DEN. FLOPPY
GAPQD " 16 40 80
GAP1* 16 26 50
GAP2Z2" 3 11 22
GAP 3" 18 27" 54
SYNC SIZE* 13 6 12
SECTOR COUNT * user selectable user selectable user seleclable
SECT. SIZE MULT * user selectable user seleclable user selectable
RDG 1 16 73 MNA
RDG 2 & 13 24
RDG 3 25 27 24
WDG 2 5 11 23
WDG 3 3 11 3
* = PARAMETER USED BY FORMAT COMMAND
** = CHANGES FOR DIFFERENT SECTOR SIZES
" = 512 BYTES/SECTOR

TABLE 1: STANDARD FORMAT PARAMETERS
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IBM* PC-AT HARD DISK FORMAT

REGISTER BIT DEFINITIONS
7 B 5 4 3 2 1 4]
DMA 7-0 (MSB) LOW ORDER BYTE OF DMA BUFFER (LSB) |
(REGISTER 0) MEMORY STARTING ADDRESS |
DMA 158 MIDDLE ORDER BYTE OF DMA BUFFER ]
(REGISTER 1) (MS8) MEMORY STARTING ADDRESS s |
DMA 23-16 MSEl HIGH ORDER BYTE OF DMA BUFFER S8
(REGISTER 2) MEMORY STARTING ADDRESS
DESIRED SECTOR
REGISTER 3) {Ms8) DESIRED SECTOR NUMBER s |
DESIRED HEAD DESIAED HEAD NUMBER
ALWAYS ALWAYS
ITE REGISTER 4 SECTOR SIZE
e ’ ¢ , i (MS8) (LSB)
DESIRED CYLINDER
il (M) LOW ORDER BITS OF DESIRED CYLINDER (LSB)
SECTOR COUNT
(WAITE REGISTER g | MSB) NUMBER OF SECTORS TO BE OPERATED ON BY COMMAND tss |
RETRY COUNT
(REGISTER 7 RETRY COUNT (1'S COMPLEMENT) PROGRAMMABLE OUTPUTS J
MODE HARD SINGLE ALWAYS
(RECITER 8) i CRC/ECC ENABLE SN, . STEP RATE SELECT
INTERRUPT/ INTERRUPT FLAG USER FLAG FLAG FLAG
COMUNDIERN | AN ALAES ON | DELETED | pEFINED WRITE READY WRITE
REGlc) pONE | \Oank FLAG CHANGE FAULT
DATA/DELAY MSB) HEAD LOAD DELAY MULTIPLE IS LOADED LS8)
(REGISTER A) { INTO THIS REGISTER BEFORE SELECT COMMANDS
o DATA IS LOADED TO OR READ FAOM THIS REGISTER FOR S8
(M3B) READ'WRITEFORMAT COMMANDS DURING DATA TRAMSFERS
ALWAYS ALWAYS ALWAYS ALWAYS HIGH ORDER BITS OF |
0 0 S I 0 0 DESIRED CYL NUMBER
BEFORE SEEK AND READWRITE COMMANDS WITH IMPLIED SEEK
CURRENTHEAD [ BAD CURRENT HEAD NUMBER
(READ REGISTER 4) | SECTOR CURRENT SECTOR ALWAYS
FLAG Ms8) (LSB)
CURRENT CYLINDER
TG REGGTER DY (MsB) LOW ORDER BITS OF CURRAENT GYLINDER NUMBER {LSB)
CURRENT IDENT ]
e T e IDENT BYTE FROM DISK FOR SEEK/READ ID COMMANDS ONLY
CHIP STATUS —1___ECC . DELETED
RETRY CRC/ECC COMPARE
(READ REGISTER®) | pfGREp |CORRECTION| CRGGR" | DATA i L OMPARE | PRESENT DRIVE SELECTED
L
DRIVE STATUS USER WRITE
(READ REGISTER9) | ECC INDEX mﬁ%ﬁTJ Tﬁf‘—l DEFINED | PROTECT |  gELGy FAULT
INTERRUPT o BAD
L) INTERAUPT DMA DONE COMMAND TERMINATION READY OVERAU
(COMMAND EAD) | PENDING | REQUEST CODE ™ | CHANGE | UNDERRUN SECTOR

TABLE 2: REGISTER BIT MAPS
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FLOPPY AND SMC HARD DISK FORMATS

REGISTER BIT DEFINITIONS
7 6 5 4 3 2 1 0
DMA 7-0 e LOW ORDER BYTE OF DMA BUFFER sh)
(REGISTER 0) MEMORY STARTING ADDRESS
omatss [ oo MIDOLE ORDER BYTE OF DMA BUFFER e
(REGISTER 1) MEMORY STARTING ADDRESS {
DMA 2316 HIGH ORDER BYTE OF DMA BUFFER
(REGISTER2) | (MSB) MEMORY STARTING ADDRESS (Ls8)
WRnE e s DESIRED SECTOR NUMBER (LSB)
DESIREDHEAD [ piwvars HIGH ORDER BITS OF DESIRED HEAD NUMBER
(REGISTER 4) . | DESRED CYUNGER il o)
(MS8 {
DS s | vswy LOW ORDER BITS OF DESIAED CYLINDER (Ls8)
(WRITE REGISTER 6| (MSB) NUMBER OF SECTORS TO BE OPERATED ON BY COMMAND (LS8)
RETRY COUNT :
T RETRY COUNT {1'S COMPLEMENT) PROGRAMMABLE OUTPUTS
MODE HARD SINGLE | ALWAYS
(RECOTER 6) e CACECC  ENABLE | SNGHE ’ sTEP RATE SELECT
INTERRUPT/ FLAG
CRC PRESET INTERRUPT USER FLAG FLAG FLAG
COREaSTER g | Trsetior | ANS ON DELEIED | DEFINED WRITE READY WRITE
0=Setio 0 DONE Al FLAG PROTECT | CHANGE FAULT
DATA/DELAY P HEAD LOAD DELAY MULTIPLE IS LOADED INTO THIS REGISTER S8
(REGISTER A) DATA IS LOADED TO OR READ FROM THIS REGISTER
R, B | enenes TR
FLAG (M5B} {MS8B) {L58)
CHERENISG0ER | puse) LOW ORDER BITS OF CURRENT CYLINDER NUMBER (L58)
CURRENT IDENT
(READ REGISTER 6) ALWAYS FE
FOR SEEK/READ 1D COMMAND ONLY
CHIP STATUS ECC DELETED
RETRY CRC/ECC SYNC | COMPARE
(READ REGISTER8) | pfdiReo [CORRECTION| GECEZC | oam | S, ONPARE | PRESENT DRIVE SELECTED
DRIVE STATUS USER WRITE
ECC SEEK TRACK DRIVE WRITE
(READ REGISTER9) |  -ARGR INDEX | ¢ 00 e | FoEeet READY FAULT
NIERRUPT | NTERRUPT | DMA_ | poqe | COMMANDTERMINATION | READY | OvemAun/ | _ 8AD
(COMMAND READ) | PENDING | REQUEST | COOE CHANGE | UNDERRUN | SECTOR
TABLE 2: REGISTER BIT MAPS




HDC9234 WRITE REGISTERS (APPLIES DURING TAPE BACKUP OMLY)

REGISTER D87 DES DBS DB4 DE3 pB2 DB1 DBO
(RECISTER 0) (MS8) DMA BEGINNING ADDRESS BUTE (LOW ORDER BITS) (LSB)
mg&%-}g&ns " (MSB) DMA BEGINNING ADDRESS BYTE (MIDDLE ORDER BITS) (LS8)
:H%%*E%ﬁz, (msB) DMA BEGINNING ADDRESS BYTE (HIGH ORDER BITS) iLs8)
DESIRED I
SECTOR (MSB) MAXIMUM SEARCH COUNT (IN 1'S COMPLEMENT) (1) (LSB)
(REGISTER 3) i
oegmED. | TRK # TRK # TRK # TRK #
HEAD 0 0 0 0
(REGISTER 4) 8IT 3 BIT 2 BIT 1 BIT 0
DESIRED
CYLINDER ECC TYPE dagi s DATA BLOCK SIZE
(REGISTER 5)
SEATOR COUNT TAPE MARK BLOCK SIZE DATA BLOGK COUNT
(REGISTER 6) iIN 25 COMPLEMENT +1) OR {IN 1'S COMPLEMENT)
(MODULO 256) (2) 3)
RETRY COUNT =
(REGISTER 7) ! 1 1 1 USER DEFINED OUTPUTS =
=
MODE | ALwaYS CRC/ECC SINGLE/ ALWAYS SYNC WRITE TAPE -
0 ENABLE DOUBLE DELAY MARK 5
(REGISTER®) | ron Tare CODE DENSITY o ENABLE FMABLE ENABLE o
INTERRUPT/
TERMINATOR PRESET e i MWYS | oEPkeo WHITE READY WRITE
(REGISTER 9) DONE PROTECT | CHANGE FAULT
NOTES: (1) The maximum search count i5 composed of:

inner HUGATE 128, 2 hmes,
uﬁmﬁ%ﬂ%ﬂm 33,150 byte times
Tape mark operation
31 Dala block operation

TABLE 3-TAPE BACKUP REGISTER BIT MAPS
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UDC READ REGISTERS (APPLIES TAPE BACKUP ONLY)

REGISTER D87 DB6 D85 DB4 D83 DB2 DBY DBO
DMA 7-0 A LSB
(RECISTER 0) MSB) DMA BEGINNING ADDRESS BYTE (LOW ORDER BITS) (LSB)
DMA 15-8 =)
(REGISTER 1) MSB) DMA BEGINNING ADDRESS BYTE (MIDDLE ORDER BITS) (LS8)
DMA 23-16 ] B
(REGITER 2 MSB) OMA BEGINNING ADDRESS BYTE (HIGH ORDER BITS) (LS8)
DESIRED LS8
SECTOR IMSB) MAXIMUM SEARCH COUNT (IN 1'S COMPLEMENT)
(REGISTER 3)
e X X X X X X X X
(REGISTER 4)
CURRENT
CYLINDER X X X X X X X X
(REGISTER 5) |
CHIP ECC SACIECE PRESENT
STA X CORRECTION X X X DRIVE
(REGISTER §) ATTEMPTED | ERROR SELECTED
DRIVE USER USER e USER USER e s
STATUS DEFINED DEFINED DEFINED | DEFINED READY Ll
(REGISTER 7) (1) (2) GONE 2) (1) FACTECT
DATA
(REGISTER 8) READ DATA
STATUS DONE TERMINATION UNDER
(RECTER PENDING REG e o) CHANGE B

Active Level will not cause intarmupl.
Command terminalion bils set o

11 for data transher arror

10 for sync erros

00 for successiul termination
X Don't care

NOTES: rzl Active level can generate intesupt,
3

TABLE 4: TAPE BACK UP REGISTER BIT MAPS




COMMAND BIT DEFINITIONS
7 5 &4 1 (1]
RESET | ] | [ | 0 | i | ] [ [ | 0 | 0 |
DESELECT
DRIVES e 0 @ 0 ] 8 ! [ 1
RESTORE 1 = Buffersd
DRIVE a " b & 0 o : . Seek
Seek
STEPIN 1 - Buftered
1 CYLINDER " o é i o : 0 o Saek
Saek
STEPOUT 1 = Bulemd
1 CYLINDER o ? o o 8 1 1 i Seok
Seek
POLL 0 0 0 3 ’hmhmanmnmzhmn-mn-mma
DRIVES 0 = Don't Poll | © = Don't Poll | © = Don't Poll | © = Don't Poll
| 1 = Head Load
- 0 'l 0 1 g e DRIVE TYPE DRIVE UNIT SELECTED
SET REGISTER [
POINTER 0 I 1 0 0 REGISTER NUMBER
[ Wal .
Step Verity
SEEK/READ 1D 0 1 ) 1 o : For
I & Complete 1D
READ SECTORS Enable
PHYSICAL r o 1 o 1 1 0 ) el i
READ 1 = Transter Al =
TRACK 0 1 0 1 ! ¢ ! 0 = Transfer ID =]
P:I
e i
Disabled Enable
? . ' L L L 0 = Implied Transfer
Seek
[ Enabed
FORMAT Write Write With
TRACK 0 1 1 Deleted Reduced PRECOMEENSATION
| Data Current
WR Frrﬁ?ssﬁctmfﬂs 1~ Implied
Disabled ihiod Write With PRECOMPENSATION
1 8= Implied i Dalated Reduced VALUE
| Sop Data Current
Enabled
wnlﬁanns [7 = impiied
| Seek .
‘ S 1 o | ased PRECOMPENSATION
@ - Implied VALUE
Seek Data Currant
Enabled
TAPE & é Ty . : WRITE. | PRECOMPENSATION VALUE
BACKUP READ: 0 | 0 [Transfer Enable
TABLE 5: COMMAND WORD BIT MAPS
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IBM® FM FLOPPY DISK FORMAT:

ID FIELD DB7 DB& DB5 DB4 DB3 DB2 DB1 DBO
CYLINDER track number

HEAD side number

SECTOR sector number

SECTORSIZE X X X X X sectorsize(3bits)

HARD DISK FORMAT:
IBM PC-AT FORMAT (512 BYTES)

ID FIELD DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
IDENT Ident Byte
CYLINDER cylinder number (8 LSB's)
HEAD 0 sctr sctr trk# hd# hd# hd# hd#
bit1 bitO bit8 bit3 bit2 bit1 bit0
SECTOR sector number
HARD DISK FORMAT:
(USER SELECTABLE SECTOR SIZE)
ID FIELD DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
IDENT Ident Byte
CYLINDER cylinder number (8 LSB's)
HEAD bad cyl# cyl# cyl# hd# hd# hd# hd#
af?dor bit10 bit9 bit 8 bit3 bit2 bit 1 bit 0
a
SECTOR 2 sector number
SECTOR SIZE ECC type X sector size
(3 bits)

DISK FORMATS
TABLE 6

{continued)
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SECTOR SIZE FIELD BITS

DB2 DB1 DBO IBM FD FORMAT HD FORMAT
0 0 0 128 bytes/sector 128 bytes/sector
0 0 1 256 bytes/sector 256 bytes/sector
0 1 0 512bytes/sector 512 bytes/sector
0 1 1 1024 bytes/sector 1024 bytes/sector
1 0 0 notused 2048 bytes/sector
1 0 1 notused 4096 bytes/sector
1 1 0 notused 8192 bytes/sector
1 1 1 notused 16,384 bytes/sector
FORMAT ECC TYPE FIELD
DB7 DB6 DB5 DB4 HD FORMAT
0 0 0 0 4 ECC bytes generated/checked
1 1 1 1 5 ECC bytes generated/checked (1
1 1 1 0 6 ECC bytes generated/checked (1
1 1 0 1 7 ECC bytes generated/checked (1)
note 1: WITH EXTERNAL ECC

IBM® MFM FLOPPY DISK FORMAT:

ID FIELD DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
IDENT |dent Byte

CYLINDER track number

HEAD side number

SECTOR sector number

SECTORSIZE X X X X X sectorsize(3bits)

DISK FORMATS
TABLE 6
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DARD MICROSYSTEMS Circuit dmgrarns utilizin EMC pruducts are included as a means of illustrating ll_.rpucal mmumndu::tur
ications: consegquent information sufficient for m nmma%
nfnnmbonhasbmmm checked and is believed 1o be entirely no respo
M e s 41 0 assumed for inaccuracies. Furthermore, such information does not convey lo the purchaser of ha

= semiconductor devices described any license under the patent rights of SMC or others, SMC reserves the
right to make changes at any time in nrdar to improve design supply the best product possible.
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