








































































































































































































































































































































































































































































































































































































































































































































































































































Command Status Registers 

The following is information about the command status registers STO through ST3. 

ComllUlnd Status Register 0 (STO) 

The following are bit definitions for command status register 0: 

Bit 7-Bit 6 Interrupt Code (IC) 

Bit s 
Bit 4 

Bit 3 

Bit 2 

Bit I-Bit 0 

00 Normal Termination of Command (NT)-The command was completed and 
properly �~�x�e�c�u�t�e�d�.� 

01 Abrupt Termination of Command (AT)-The execution of the command was 
started but not successfully completed. 

10 Invalid Command Issue (IC)-The issued command was never started. 

11 Abnormal termination because, during the execution of a command, the 
'ready' signal from the diskette drive changed state. 

Seek End (SE)-Set to 1 when the controller completes the Seek command. 

Equipment Check (EC)-Set if a 'fault' signal is received from the diskette drive, 
or if the 'track-O' signal fails to occur after 77 step pulses (Recalibrate 
Command). 

Not Ready (NR)-This flag is set when the diskette drive is in the not-ready state 
and a Read or Write command is issued. It is also set if a Read or Write command 
is issued to side 1 of a single-sided diskette drive. 

Head Address (HD )-Indicates the state of the head at interrupt. 

Unit select 1 and 2 (US 1 and 2)-Indicate a drive unit number at interrupt. 
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Command Status Register 1 (STl) 

The following are bit definitions for command status register 1: 

Bit 7 End of Cylinder (EC)-Set when the controller tries to gain access to a sector 
beyond the final sector of a cylinder. 

Bit 6 Not Used-Always O. 

BitS 

Bit 4 

Bit 3 

Bit 2 

Bit 1 

Bit 0 

Data Error (DE)-Set when the controller detects a CRC error in either the ID 
field or the data field. 

Overrun (OR)-Set if the controller is not serviced by the main system within a 
certain time limit during data transfers. 

Not Used-This bit is always set to O. 

No Data (ND)-Set if the controller cannot find the sector specified in the ID 
register during the execution of a Read Data, Write Deleted Data, or Scan 
Command. This flag is also set if the controller cannot read the ID field without an 
error during the execution of a Read ID command or, if the starting sector cannot 
be found during the execution of a Read Cylinder command. 

Not Writable (NW)-Set if the controller detects a 'write-protect' signal from the 
diskette drive during execution of a Write Data, Write Deleted Data, or Format 
Cylinder command. 

Missing Address Mark (MA)-Set if the controller cannot detect the ID address 
mark. At the same time, the MD of status register 2 is set. 
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Com1lUl1ld Status Register 2 (ST2) 

The following are bit definitions for command status register 2: 

Bit 7 Not Used-Always O. 

Bit 6 

Bit 5 

Bit 4 

Bit 3 

Bit 2 

Bit 1 

Bit 0 

Control Mark (CM)-This flag is set if the controller encounters a sector that has 
a deleted data-address mark during execution of a Read Data or Scan command. 

Data Error in Data Field (DD )-Set if the controller detects an error in the data. 

Wrong Cylinder (WC)-This flag is related to ND (no data) and when the 
contents of C on the medium are different from that stored in the ID register, this 
flag is set. ' 

Scan Equal Hit (SH)-Set if the contiguous sector data equals the processor data 
during the execution of a Scan command. 

Scan Not Satisfied (SN)-Set if the controller cannot find a sector on the cylinder 
that meets the condition during a Scan command. 

Bad Cylinder (BC)-Related to ND; when the contents of C on the medium are 
different from that stored in the ID register, and the contents of C is FF, this flag is 
set. 

Missing Address Mark in Data Field (MD)- Set if the controller cannot find a 
data address mark or a deleted data address mark when data is read from the 
medium. 
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ComllUlnd Status Register 3 (ST3) 

The following are bit definitions for command status register 3: 

Bit 7 Fault (FT)-Status of the 'fault' signal from the diskette drive. 

Bit 6 

Bit 5 

Bit 4 

Bit 3 

Bit 2 

Bit 1 

Bit 0 

Interfaces 

Write Protect (WP)-Status of the 'write-protect' signal from the diskette drive. 

Ready (RY)-Status of the 'ready' signal from the diskette drive. 

Track 0 (TO)-Status of the 'track 0' signal from the diskette drive. 

Two Side (TS)-Status of the 'two side' signal from the diskette drive. 

Head Address (HD )-Status of the 'side-select' signal from the diskette drive. 

Unit Select 1 (US 1)-Status of the 'unit-select-I' signal from the diskette drive. 

Unit Select 0 (US O)-Status of the 'unit select 0' signal from the diskette drive. 

The system interface is through the I/O channel. The address, DMA, and interrupt assignments are 
shown in the following figures: 

I/O Address 

Primary Secondary Read Write 

3F2 372 Digital output register 
3F4 374 Main status register Main status register 
3F5 375 Diskette data register Diskette data register 
3F6 376 Fixed disk register 
3F7 377 Digital input register Diskette control register 

Figure 5. Diskette Function 

Note: DMA request is level 2 and interrupt request is level 6. Interrupt level 6 is a nonshared 
interrupt. 
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I/O Address 

Primary Secondary Read Write 

IFO 170 Data register Data register 
IFI 171 Error register Not used 
IF2 172 Sector count Sector count 
IF3 173 Sector number Sector number 
IF4 174 Cylinder low Cylinder low 
IF5 175 Cylinder high Cylinder high 
IF6 176 Drive/head register Drive/head register 
IF7 177 Status register Command register 

Figure 6. Fixed Disk Function 

Note: Interrupt request is level 14. Interrupt level 14 is a nonshared interrupt. 

The following operations are supported by this adapter: 

• Sixteen bit programmed I/O (PIO) data transfers to the fixed disk. All other transfers must be 
8 bits wide. 

• The I/O addresses, recognized by the adapter for either the fixed disk or the diskette function, 
are independently selected by jumpers. 
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Interface Lines 

The interface to the fixed disk drive consists of two cables: 'control' and 'data'. The following 
figures show signals and pin assignments for these cables: 

Signal Name Signal Pin God Pin 

- Head Select 23 2 1 

- Head Select 22 4 3 

- Write Gate 6 5 

- Configuration/Status Data 8 7 

- Transfer Acknowledge 10 9 

- Attention 12 11 

- Head Select 20 14 13 

- Sector 16 15 

- Head Select 21 18 17 

- Index 20 19 

- Ready 22 21 

- Transfer Request 24 23 

- Drive Select 1 26 25 

- Drive Select 2 28 27 

- Drive Select 3 30 29 

- Read Gate 32 31 

- Command Data 34 33 

Figure 7. Control Signal Lines (Jl/P1) 

Note: Connection is through a 2-by-17 Berg connector. Pin 15 is reserved to polarize the 
connector. 
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Signal Name Signal Pin God Pin 

- Drive Selected 1 

- Sector 2 

- Command Complete 3 

Reserved 4 

Reserved 5 6 

+ Write Clock 7 

- Write Clock 8 

Reserved 9 

+ Read/Reference Clock 10 

- Read/Reference Clock 11 12 

+ NRZ Write Data 13 15 

- NRZ Write Data 14 16. 

+ NRZ Read Data 17 

- NRZ Read Data 18 19 

- Index 20 

Figure 8. Data Transfer Signal Lines (J2/P2) 

Note: Connection is through a 2-by-l0 Berg connector. Pin 8 is reserved to polarize the 
connector. 
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The interface to the diskette drives is a single cable that carries both data and control signals. The 
signals and pin assignments are as follows: 

Signal Name Signal Pin GndPin 

- Reduced Write 2 1 

- Reserved 4 3 

- Reserved 6 5 

- Index 8 7 

- Motor Enable Drive 1 10 9 

- Drive Select 2 12 11 

- Drive Select 1 14 13 

- Motor Enable Drive 2 16 15 

- Direction Select 18 17 

- Step 20 19 

- Write Data 22 21 

- Write Gate 24 23 

- Track 00 26 25 

- Write Protect 28 27 

- Read Data 30 29 

- Side 1 Select 32 31 

- Diskette Change 34 33 

Figure 9. Control Signal Lines (Jl/Pl) 

Note: Connection is through a 2-by-17 Berg connector. Pin 15 is reserved to polarize the 
connector. 
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Description 

The Enhanced Small Device Interface (ESDI) Adapter connects to the system board using one 
of the I/O slots. The adapter controls the 5-1/4 inch diskette drives and fixed-disk drives. 
Connectors on the adapter supply all the signals necessary to operate up to two fixed-disk drives 
and two diskette drives. The adapter allows concurrent data operations on one diskette and one 
fixed-disk drive. 

The adapter operates when connected to a channel I/O slot. This channel is described in the 
"I/O Channel" section of the RT PC Technical Reference Manual. 

Fixed Disk Function 

The fixed disk function features 512-byte sectors; high-speed, Programmed I/O (PIa) data 
transfers; Error Correcting Code (ECC) correction of up to 12 bits on data fields; multiple sector 
operations across track and cylinder boundaries; and on-board diagnostic tests. The adapter 
supports two fixed disks with up to 16 read/write heads and 2048 cylinders. 
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Task File 

A task file, which contains eight registers, controls fixed-disk operations. The following figure 
shows the addresses and functions of these registers: 

I/O Address 

Primary Secondary Read Write 

IFO 170 Data register Data register 
IFI 171 Error register Not used 
IF2 172 Sector count Sector count 
IF3 173 Sector number Sector number 
IF4 174 Cylinder low Cylinder low 
IF5 175 Cylinder high Cylinder high 
IF6 176 Drive/head register Drive/head register 
IF7 177 Status register Command register 

Figure 1. Task File 

Task File Registers 

Data Register 

The data register provides access to the sector buffer for read/write operations in the PIO mode. 
This register must not be accessed unless a Read/Write command is being executed. The register 
provides a 16-bit path into the sector buffer for normal Read/Write commands. When a R/W 
Long is issued, the 7 ECC bytes are transferred by byte with at least 2 microseconds between 
transfers. Data Request (DRQ) must be active before the transferring of the ECC bytes. 

Error Register 

The error register is a read-only register that contains specific information related to the 
previous command. The data is valid only when the error bit in the status register is set, unless 
the adapter is in diagnostic mode. Diagnostic mode is the state immediately after power is 
switched on or after a Diagnose command. In these cases, the register must be checked 
regardless of the status register indicator. The following are bit values for the diagnostic mode: 
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Diagnostic Mode 

01 No errors 

02 ESDI adapter device error 

03 Disk controller error 

04 Sector buffer error 

05 ECC device error 

06 Logic support device error 

07 Control processor error. 

The following are bit definitions for the operational mode:-

Operational Mode 

Bit 0 Data Address Mark (DAM) Not Found-This bit indicates that DAM could not be 
found within 16 bytes of the ID field. 

Bit 1 TR 000 Error-This bit will be set if, during a Restore command, the track 000 line 
from the fixed disk is not true within 2047 step pulses to the drive. 

Bit 2 Aborted Command-A command is aborted based on the drive status (Write Fault, Not 
Seek Complete, Drive Not Ready, or an invalid command). The status and error 
registers may be decoded to determine the cause. 

Bit 3 Not used. 

Bit 4 ID Not Found-The ID field with the specified cylinder, head, and sector number could 
not be found. If retries are enabled, the controller attempts to read the ID 160 times 
before indicating the error. If retries are disabled, the track is scanned a maximum of 20 
times before setting this error bit. 

Bit 5 Not used. 

Bit 6 Data ECC Error-This bit indicates that an uncorrectable ECC error occurred in the 
target's data field during a read command. 

Bit 7 Bad Block Detect-This bit indicates that the bad block mark was detected in the 
target's ID field. No Read or Write commands will be executed in any data fields 
marked bad. 
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Sector Count Register 

The sector count register defines the number of sectors transferred during a Verify, Read, Write, 
or Format command. During a multisector operation, the sector count is decremented and the 
sector number is incremented. When the disk is being formatted, the number of sectors per 
track must be loaded into the register prior to each Format command. The adapter supports 
multisector transfers across track and cylinder boundaries. The drive characteristics must be set 
up by the Set Parameters command before initiating a multisector transfer. The sector count 
register must be loaded with the number of sectors to be transferred for any data-related 
command. 

Note: A 0 in the sector count register specifies a 256-sector transfer. 

Sector Number Register 

The target's logical sector number for Read, Write, and Verify commands is loaded into this 
register. The starting sector number is loaded into this register for multisector operations. 

Cylinder Number Registers 

The target number for Read, Write, Seek, and Verify commands is loaded into these registers as 
shown in the following figure. The cylinder-number registers address up to 2048 cylinders. 

Cylinder High Cylinder Low 

Register bits 76543210 76543210 
Cylinder bits ------A98 76543210 

Figure 2. Cylinder Number Registers 
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Drive/Head Register 

Bit 7 Set to 1 

Bit 6 Set to 0 

Bit 5 Set to 1 

Bit 4 Drive Select-This bit selects the drive. A 0 indicates the first fixed-disk drive, 
and a 1 indicates the second. 

Bit 3-Bit 0 Head Select Bits-Bits 3 through 0 specify the desired read/write head. Bit 0 is 
the least significant (0101 selects head 5). The adapter supports up to 16 read/ 
write heads. Note: This register must be loaded with the maximum number of 
heads for each drive before a Set Parameters command is issued. 

Status Register 

The controller sets up the status register with the command status after execution. The program 
must look at this register to determine the result of any operation. If the busy bit is set, no other 
bits are valid. A read of the status register clears interrupt request 14. If I write fault I or I error I 
is active, or if I seek complete I or I ready I is inactive, a multisector operation is aborted. 

The following defines the bits of the status register: 

Bit 7 Busy-This bit indicates the controller status. A 1 indicates the controller is 
executing a command. If this bit is set, no other status register bit is valid, and 
the other registers reflect the status register's contents; therefore, the busy bit must 
be examined before any fixed disk register is read. 

Bit 6 Drive Ready-A 1 on this bit together with a 1 on seek complete bit (bit 4) 
indicates that the fixed-disk drive is ready to read, write, or seek. A 0 indicates 
that read, write, and seek are inhibited. 

Bit 5 Write Fault-A 1 on this bit indicates improper operation of the drive; read, 
write, or seek is inhibited. 

Bit 4 Seek Complete-A 1 on this bit indicates that the read/write heads have 
completed a seek operation. 

Bit 3 Data Request-This bit indicates that the sector buffer requires servicing during a 
Read or Write command. If either bit 7 (busy) or this bit is active, a command is 
being executed. Upon receipt of any command, this bit is reset. 

Bit 2 Corrected Data-A 1 on this bit indicates that the data read from the disk was 
successfully corrected by the ECC algorithm. Soft errors will not end multisector 
operations. 
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Bit 1 Command in progress. 

Bit 0 Error-A 1 on this bit indicates that the previous command ended in an error, 
and that one or more bits are set in the error register. The next command from 
the controller resets the error bit. This bit, when set, halts multisector operations. 

Command Register 

The command register accepts twelve commands to perform fixed disk operations. Commands 
are executed by loading the task file and writing in the command register while the controller 
status is not busy. If '-write fault' is active or if '-drive ready' or '-seek complete' are 
inactive, the controller will not execute any command. Any code not defined in the following 
table causes an Aborted Command error. Interrupt request 14 is reset when any command is 
written. Interrupt level 14 is not shared. The following are acceptable commands to the 
command register: 

Command Bits 
7 6 5 4 3 2 1 0 

Restore 0 0 0 1 x x x x 
Seek 0 1 1 1 x x x x 
Read Sector 0 0 1 0 0 0 LT 
Write Sector 0 0 1 1 0 0 L T 
Format Track 0 1 0 1 0 0 o 0 
Read Verify 0 1 0 0 0 0 o T 
Diagnose 1 0 0 1 0 0 o 0 
Set Parameters 1 0 0 1 0 0 o 1 
Reserved 0 0 1 1 1 1 o 0 
Init ESDI 1 1 1 0 0 0 o 0 
Write Stack 1 1 1 0 1 0 o 0 
Read Stack 1 1 1 0 0 1 o 0 

Figure 3. Valid Command-Register Commands 
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The following figure shows the bit definitions for bits Land T: 

Bit Definition 0 1 

L Data Mode Data Only Data + 7 byte ECC 
T Retry Mode Retries Enabled Retries Disabled 

Figure 4. Land T Bit Definitions 

Note: The system verifies the operation of ECC by reading and writing with the ECC bytes. 
When retries are disabled, ECC and ID field retries are limited to less than. two complete 
revolutions. 

The following are descriptions of the valid command-register commands: 

Restore 

A seek to cylinder 0 command is sent to the selected drive. The drive heads seek to cylinder 0 
and any track offsets are cleared. The command terminates if the drive cannot accept the 
command, a transfer protocol or a transfer parity error is detected. When the command is 
terminated, error bits are set in the status register and the error register. An interrupt is 
generated at the end of the command. 

Seek 

The Seek command moves the read/write heads to the cylinder. specified in the task files. The 
adapter supports overlapped seeking on two drives. An interrupt is generated at the completion 
of the command. 

Read Sector 

A number of sectors (1-256) may be read from the fixed disk with or without the ECC field 
appended in the (PIO) mode. If the heads are not over the target track, an implied seek occurs. 
Data errors, up to 12 bits in length, are automatically corrected on Read Short commands. If an 
uncorrectable error occurs, the data transfer still takes place; however, a multi sector read ends 
after the system reads the sector in error. Interrupts occur as each sector is read by the system. 
No interrupt is generated at the end of the command, after the last sector is read by the system. 
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Write Sector 

A number of sectors (1-256) may be written to the fixed disk with or without the ECC field 
appended in the PIO mode. The Write Sector command also supports implied seeks. Interrupts 
for the Write command occur before each sector is transferred to the buffer (except the first) 
and at the end of the command. The first sector may be written to the buffer immediately after 
the command has been sent, and I data request I is active. 

Format Track 

The track specified by the task file is formatted with ID and data fields according to the 
interleave table transferred to the buffer. The interleave table is composed of two bytes per 
sector as follows: 00, Physical Sector 01, 00, Physical Sector 02, ... 00 ,Physical Sector 24. The 
hexadecimal table for 4-to-l interleave is: 00, 01, 00, OA, 00,13,00, lC, 00, 02, 00, OB, 00,14, 
00, ID, 00, 03, 00, OC, 00, 15,00, IE, 00, 04, 00, OD, 00, 16,00, IF, 00, 05, 00, OE, 00, 17,00, 
20,00,06,00, OF, 00, 18,00,21,00,07,00, 10, 00, 19,00,22,00,08,00, 11, 00, lA, 00, 23, 
00, 09, 00, 12, 00, IB, 00, 24. The data transfer must be 512 bytes even though the table may 
be only 72 bytes. The sector count register must be loaded with the number of sectors per track 
before each Format Track command. An interrupt is generated at the completion of the 
command;. the Format Track command supports no error reporting. A bad block may be 
specified by replacing a 00 table entry with an 80. When switching between drives, a restore 
command must be executed prior to attempting a format. 

Read Verify 

This command is similar to a Read command except that no data is sent to the host. This 
allows the system to verify the integrity of the fixed-disk drive. A single interrupt is generated 
upon completion of the command or in the event of an error. 

Diagnose 

This command causes the adapter to execute its self-test code and return the results to the error 
register. An interrupt is generated at the completion of this command. 
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Write Data Stack 

This system diagnostic command verifies the I/O channel to controller data path and control 
logic. The data sector buffer must be filled with 512 data bytes. The data is not examined by the 
control processor for correct information. The controller requests data using the normal data 
request status bit. Command completion will not generate a completion interrupt. A fixed-disk 
drive does not need to be present for command execution. 

Read Data Stack 

This system diagnostic command transfers the sector data buffer to system memory. The sector 
buffer data is not altered (from any previous read or write operation). A command completion 
interrupt is not generated nor is any drive activity required. 

Set Parameters 

This command sets up the drive parameters (maximum number of heads and sectors per track). 
The drive/head register specifies the drive affected. The sector count and drive/head registers 
must be set up before this command is issued. The adapter uses the values specified for track 
and cylinder crossing during multisector operations. An interrupt is generated at the completion 
of this command. This command must be issued before any multisector operations are 
attempted. 

Miscellaneous Information 

The following is miscellaneous information about the fixed-disk drive function: 

• The adapter performs normal read/write operations on a data field only after a successful 
match of that sector's ID with the targeted ID. 

• ID fields are checked for errors when read from the disk. 

• The adapter supports only ECC on data fields and only Cycle Redundancy Check (CRC) on 
ID fields. The CRC polynomial is X16 + X12 + X5 + 1; the ECC polynomial is X56 
+ X52 + X50 + X43 + X41 + X34 + X30 + X26 + X24 + X8 + 1. All shift 
registers are preset to hex F before calculating the checksums, which begin with the 
respective address marks. 
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Diskette Function 

One or two diskette drives are attached to the adapter through an internal, daisy-chained, flat 
cable. The attachment supports 360K- and 1.2M-byte diskette drives. 

The adapter is designed for a double-density, MFM-coded, diskette drive and uses write 
precompensation with an analog circuit for clock and data recovery. The diskette-drive 
parameters are programmable, and the diskette drive's write-protect feature is supported. The 
adapter is buffered on the I/O bus and uses the system board direct memory access (DMA) for 
record data transfers. An interrupt level 6 indicates when an operation is complete or when a 
status condition requires microprocessor attention. Interrupt level 6 does not support interrupt 
sharing. 

Digital Output Register (Hex 3F2) 

The digital output register (DaR) is a write-only register used to control drive motors, drive 
selection, and feature enable. All bits are cleared by the I/O interface reset line. The bit 
definitions follow: 

Bit 7 Reserved 

Bit 6 Reserved 

Bit 5 Drive B Motor Enable (Active high) 

Bit 4 Drive A Motor Enable (Active high) 

Bit 3 Enable Diskette Interrupts and DMA (Active high) 

Bit 2 Diskette Function Reset (Active low) 

Bit 1 Reserved 

Bit 0 Drive Select-A 0 on this bit indicates that drive A is selected. 

Drive Select-A 1 on this bit indicates that drive B is selected. 

Note: A channel reset clears all bits. 

Digital Input Register 

The digital input register is an 8-bit, read-only register used for diagnostic purposes. All bits are 
active high. The following are bit definitions for this register: 

Bit 7 Diskette Change 

Bit 6 Write Gate 

Bit 5 Head Select 3/Reduced Write Current 
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Bit 4 Head Select 2 

Bit 3 Head Select 1 

Bit 2 Head Select 0 

Bit 1 Drive Select 1 

Bit 0 Drive Select O. 

Note: Bits 0 through 6 apply to the currently selected fixed-disk drive. 

Diskette Control Register (Hex 3F7) 

Bits 7 - 2 

Bits 1 - 0 

Data Rates 

Reserved. 

Selects read/write data rate. 

00 SOOK-bps 

01 300K-bps 

10 2S0K-bps 

11 Reserved 

The diskette function will support three data rates: 2S0,000, 300,000 and SOO,OOO bits per 
second. The 300,000- and SOO,OOO-bps incoming data pulse widths will be those associated with 
a SOO,OOO-bps data signal. 

Diskette Controller 

The diskette controller has two registers to which the main system processor has access: a status 
register and a data register. The 8-bit status register has the status information about the diskette 
and may be accessed at any time. The 8-bit data register (hex 3FS), which actually consists of 
several registers in a stack with only one register presented to the data bus at a time, stores data, 
commands, and parameters, and provides diskette-drive status information. Data bytes are read 
from or written to the data register in order to program or obtain results after a particular 
command. The main status register may only be read and is used to facilitate the transfer of 
data between the processor and diskette controller. 
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The bits in the main status register (hex 3F4) are active high and are defined as follows: 

Bit 7 Request for Master (RQM)-The data register is ready to send or receive data to 
or from the processor. 

Bit 6 Data Input/Output (DIO)-The direction of data transfer between the diskette 
controller and the processor. If this bit is aI, transfer is from the diskette 
controller data register to the processor; if it is a 0, the opposite is true. 

Bit 5 Non-DMA Mode (NDM)-The diskette controller is in the non-DMA mode. 

Bit 4 Diskette Controller Busy (CB)-A Read or Write command is being executed. 

Bit 3 Reserved. 

Bit 2 Reserved. 

Bit 1 Diskette Drive B Busy (DBB)-Diskette drive B is in the seek mode. 

Bit 0 Diskette Drive A Busy (DAB)-Diskette drive A is in the seek mode. 

The diskette controller can perform 7 different commands. Each command is initiated by a 
multibyte transfer from the processor, and the result after execution of the command may also 
be a multibyte transfer back to the processor. Because of this multibyte interchange of 
information between the diskette controller and the processor, each command can be considered 
to consist of three phases: 

Command Phase 

The processor issues a sequence of Write commands to the diskette controller that direct the 
controller to perform a specific operation. 

Execution Phase 

The diskette controller performs the specified operation. 

Result Phase 

After completion of the operation, status and other housekeeping information is made available 
to the processor through a sequence of Read commands to the processor. An interrupt (level 6) 
occurs at the beginning of the result phase. 

During command or result phases the main status register must be read by the processor before 
each byte of information is written or read from the data register. Bits six and seven in the main 
status register must be in a ° and 1 state, respectively, before each byte of the command word 
can be written into the data register. 
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Diskette Controller Commands 

The following is a list of commands that may be issued to the diskette controller: 

• Read Data 

• Format a Track 

• Recalibrate 

• Sense Interrupt Status 

• Specify 

• Seek 

• Invalid. 

Symbol Descriptions 
The following are descriptions of the symbols used in the Command Definitions later in this 
section: 

AO Address Line O-A 0 selects the main status register, and a 1 selects the data register. 

C Cylinder Number-Contains the current or selected cylinder number in binary notation. 

D Data-Contains the data pattern to be written to a sector. 

D7-DO Data Bus-An 8-bit data bus in which D7 is the most-significant bit and DO is the 
least -significant. 

DTL Data Length-When N is 00, DTL is the data length read from or written to a sector. 

EOT End of Track-The final sector number on a cylinder. 

GPL Gap Length-The length of gap 3 (spacing between sectors excluding the VCO 
synchronous field). 

H Head Address-The head number, either 0 or 1, as specified in the ID field. 

HD Head-The selected head number, 0 or 1. (H = HD in all command words.) 

HLT Head Load Time-The head load time in the selected drive (2 to 256 milliseconds in 
2-millisecond increments for the I.2M-byte drive and 4 to 512 milliseconds in 4 
millisecond increments for the 320K-byte drive). 

HUT Head Unload Time-The head unload time after a read or write operation (0 to 240 
milliseconds in 16-millisecond increments for the 1.2M-byte drive and 0 to 480 
milliseconds in 32-millisecond increments for the 320K-byte drive. 

MF MFM Mode-A 0 is reserved and a 1 selects MFM. 
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MT Multitrack-A 1 selects multitrack operation. (Both HDO and HD 1 will be read or 
written.) 

N Number-The number of data bytes written in a sector. Number of 
bytes = 128 X 2*N. 

NCN New Cylinder-The new cylinder number for a seek operation 

ND No-Data-This indicates no data in status register O. 

PCN Present Cylinder Number-The cylinder number at the completion of a Sense 
interrupt status command (present position of the head). 

R Record-The sector number to be read or written. 

RjW ReadjWrite-This stands for either a 'read I or I write I signal. 

SC Sector-The number of sectors per cylinder. 

SK Skip-This stands for skip deleted-data address mark. 

SRT This 4 bit byte indicates the stepping rate for the diskette drive as follows: 

1.2M-Byte Diskette Drive 
1111 1 millisecond 
1110 2 milliseconds 
1101 3 milliseconds 

320K-Byte Diskette Drive 
1111 2 milliseconds 
1110 4 milliseconds 
110 1 6 milliseconds 

ST O-ST 1 Status O-Status 3-0ne of the four registers that stores status information after a 
command is executed. 

USO Drive A selected. 

USI Drive B selected. 
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Controller Commands 

The following are commands that may be issued to the controller: 

Note: An X is used to indicate a don't care condition. 

Read Data 

Command Phase 

The following bytes are issued by the processor in the command phase: 

Byte Bits 7 - 0 

Byte 0 MTMFSKOO 1 1 0 

Bytel X X X X X HD USl usa 
Byte 2 Cylinder Number 

Byte 3 Head Address 

Byte 4 Record 

Byte 5 Number 

Byte 6 End of Track 

Byte 7 Gap Length 

Byte 8 Data Length 
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Result Phase 

The following bytes are issued by the controller in the result phase: 

Byte Bits 7 - 0 

Byte 0 Status 0 

Bytel Status 1 

Byte 2 Status 2 

Byte 3 Cylinder Number 

Byte 4 Head Address 

Byte 5 Record 

Byte 6 Number 
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Format a Track 

Command Phase 

The following bytes are issued by the processor in the command phase: 

Byte Bits 7 - 0 

Byte 0 o MF a 0 1 1 0 1 

Bytel X X X X X HD USl usa 
Byte 2 Number 

Byte 3 Sector 

Byte 4 Gap Length 

Byte 5 Data 

Result Phase 

The following bytes are issued by the controller in the result phase: 

Byte Bits 7 - 0 

Byte 0 Status 0 

Bytel Status 1 

Byte 2 Status 2 

Byte 3 Cylinder Number 

Byte 4 Head Address 

Byte 5 Record 

Byte 6 Number 
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Recalibrate 

Command Phase 

The following bytes are issued by the processor in the command phase: 

Byte Bits 7 - 0 

Byte a a a a a a 1 1 1 

Bytel X X X X X a USl usa 

Result Phase 

This command has no result phase. 

Sense Interrupt Status 

Command Phase 

The following bytes are issued by the processor in the command phase: 

I Byte 
Byte a 

I Bits 7 - 0 

Result Phase 

The following bytes are issued by the controller in the result phase: 

Byte Bits 7 - 0 

Byte a Status a 
Bytel Present Cylinder Number 
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Specify 

Command Phase 

The following bytes are issued by the processor in the command phase: 

Byte Bits 7 - 0 

Byte a 000000 11 

Byte 1 (SRT )( HUT ) 

Byte 2 ( HLT ) ND 

Result Phase 

This command has no result phase. 

Seek 

Command Phase 

The following bytes are issued by the processor in the command phase: 

Byte Bits 7 - 0 

Byte 0 a 0 a 0 1 1 1 1 

Byte 1 X X X X X HD USI usa 
Byte 2 New Cylinder 

Result Phase 

This command has no result phase. 
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Invalid 

Command Phase 

The following bytes are issued by the processor in the command phase: 

Byte Bits 7 - 0 

Byte 0 Invalid Codes 

Result Phase 

The following bytes are issued by the controller in the result phase: 

I Byte 
Byte 0 

I Bits 7 - 0 
Status 0 
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Command Status Registers 

The following is information about the command status registers STO through ST3. All bits are 
acti ve high. 

Command Status Register 0 (STO) 

The following are bit definitions for command status register 0: 

Bit 7-Bit 6 Interrupt Code (IC) 

00 Normal Termination of Command (NT)-The command was completed 
and properly executed. 

01 Abrupt Termination of Command (AT)-The execution of the command 
was started but not successfully completed. 

10 Invalid Command Issue (IC)-The issued command was never started. 

11 Abnormal termination because, during the execution of a command, the 
'ready' signal from the diskette drive changed state. 

Bit 5 Seek End (SE)-Set to 1 when the controller completes the Seek command. 

Bit 4 Equipment Check (EC)-Set if a 'fault' signal is received from the diskette 
drive, or if the' track-O' signal fails to occur after 77 step pulses (Recalibrate 
Command). 

Bit 3 Not Ready (NR)-This flag is set when the diskette drive is in the not-ready state 
and a Read or Write command is issued. It is also set if a Read or Write 
command is issued to side 1 of a single-sided diskette drive. 

Bit 2 Head Address (HD)-Indicates the state of the head at interrupt. 

Bit 1 Unit select 2 (US 2)-Indicates drive B at interrupt. 

Bit 0 Unit select 1 (US I)-Indicates drive A at interrupt. 
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Command Status Register 1 (STl) 

The following are bit definitions for command status register 1: 

Bit 7 End of Cylinder (EC)-Set when the controller tries to gain access to a sector 
beyond the final sector of a cylinder. 

Bit 6 Not Used-Always O. 

Bit 5 Data Error (DE)-Set when the controller detects a CRC error in either the ID 
field or the data field. 

Bit 4 Overrun (OR)-Set if the controller is not serviced by the main system within a 
certain time limit during data transfers. The time limits are 11 microseconds for 
the 500K-bps data rate, 17.5 microseconds for the 300K-bps, and 24 
microseconds for the 250K-bps data rate. 

Bit 3 Not Used-This bit is always set to O. 

Bit 2 No Data (ND)-Set if the controller cannot find the sector specified in the ID 
register during the execution of a Read Data, Write Deleted Data, or Scan 
Command. This flag is also set if the controller cannot read the ID field without 
an error during the execution of a Read ID command or, if the starting sector 
cannot be found during the execution of a Read Cylinder command. 

Bit 1 Not Writable (NW)-Set if the controller detects a 'write-protect' signal from 
the diskette drive during execution of a Write Data, Write Deleted Data, or 
Format Cylinder command. 

Bit 0 Missing Address Mark (MA)-Set if the controller cannot detect the ID address 
mark. At the same time, the MD of status register 2 is set. 
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Command Status Register 2 (ST2) 

The following are bit definitions for command status register 2: 

Bit 7 Not Used-Always O. 

Bit 6 Control Mark (CM)-This flag is set if the controller encounters a sector that has 
a deleted data-address mark during execution of a Read Data or Scan command. 

Bit 5 Data Error in Data Field (DD)-Set if the controller detects an error in the data. 

Bit 4 Wrong Cylinder (WC)-This flag is related to ND (no data) and when the 
contents of C on the medium are different from that stored in the ID register, 
this flag is set. 

Bit 3 Reserved 

Bit 2 Reserved 

Bit 1 Bad Cylinder (BC)-Related to ND; when the contents of C on the medium are 
different from that stored in the ID register, and the contents of C is FF, this flag 
is set. 

Bit 0 Missing Address Mark in Data Field (MD)-Set if the controller cannot find a 
data address mark or a deleted data address mark when data is read from the 
medium. 
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Command Status Register 3 (ST3) 

The following are bit definitions for command status register 3: 

Bit 7 Fault (FT)-Status of the 'fault' signal from the diskette drive. 

Bit 6 Write Protect (WP)-Status of the 'write-protect' signal from the diskette drive. 

Bit 5 Ready (R Y)-Status of the 'ready' signal from the diskette drive. 

Bit 4 Track 0 (TO)-Status of the 'track 0' signal from the diskette drive. 

Bit 3 Two Side (TS)-Status of the 'two side' signal from the diskette drive. 

Bit 2 Head Address (HD)-Status of the I side-select I signal from the diskette drive. 

Bit 1 U nit Select 1 (US 1 )-Status of the I unit-select-l' signal from the diskette drive. 

Bit 0 Unit Select 0 (US O)-Status of the' unit select 0' signal from the diskette drive. 

Interfaces 

The system interface is through the I/O channel. The address, DMA, and interrupt assignments 
are shown in the following figures: 

I/O Address 

Primary Secondary Read Write 

3F2 372 Digital output register 
3F4 374 Main status register 
3F5 375 Diskette data register Diskette data register 
3F6 376 Disk alternate status reg. Disk control register 
3F7 377 Digital input register Diskette control register 

Figure 5. . Diskette Function 

Note: DMA request is level 2 and interrupt request is level 6. Interrupt level 6 is a nonshared 
interrupt. 
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I/O Address 

Primary Secondary Read Write 

IFO 170 Data register Data register 
IFI 171 Error register Not used 
IF2 172 Sector count Sector count 
IF3 173 Sector number Sector number 
IF4 174 Cylinder low Cylinder low 
IF5 175 Cylinder high Cylinder high 
IF6 176 Drive/head register Drive head register 
IF7 177 Status register Command register 

Figure 6. Fixed Disk Function 

Note: Interrupt request is level 14. Interrupt level 14 is a nonshared interrupt. 

The following operations are supported by this adapter: 

• Sixteen bit programmed I/O (PIO) data transfers to the fixed disk. All other transfers must 
be 8 bits wide. 

• The I/O addresses, recognized by the adapter for the fixed disk and the diskette function, 
are selected by a jumper. Jumper insertion on pins 1 and 2 defines the secondary addresses. 
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Interface Lines 

The interface to the fixed-disk drive consists of two cables: 'control' and 'data'. The following 
figures show signals and pin assignments for these cables: 

Signal Name Signal Pin Gnd Pin 

- Head Select 23 2 1 

- Head Select 22 4 3 

- Write Gate 6 5 

- Configuration/Status Data 8 7 

- Transfer Acknowledge 10 9 

- Attention 12 11 

- Head Select 2° 14 13 

- Sector 16 15 

- Head Select 2 I 18 17 

- Index 20 19 

- Ready 22 21 

- Transfer Request 24 23 

- Drive Select 1 26 25 

- Drive Select 2 28 27 

- Drive Select 3 30 29 

- Read Gate 32 31 

- Command Data 34 33 

Figure 7. Control Signal Lines (Jl/Pl) 

Note: Connection is through a 2-by-17 Berg connector. Pin 15 is reserved to polarize the 
connector. 
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Signal Name Signal Pin Gnd Pin 

- Drive Selected 1 

- Sector 2 

- Command Complete 3 
Reserved 4 

Reserved 5 6 

+ Write Clock 7 

- Write Clock 8 
Reserved 9 

+ Read/Reference Clock 10 

- Read/Reference Clock 11 12 
+ NRZ Write Data 13 15 

- NRZ Write Data 14 16 

+ NRZ Read Data 17 

- NRZ Read Data 18 19 

- Index 20 

Figure 8. Data Transfer Signal Lines' (J2/P2) 

Note: Connection is through a 2-by-l0 Berg connector. Pin 5 is reserved to polarize the 
connector. 
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The interface to the diskette drives is a single cable that carries both data and control signals. 
The signals and pin assignments are as follows: 

Signal Name Signal Pin Gnd Pin 

- Reduced Write 2 1 

- Reserved 4 3 

- Reserved 6 5 

- Index 8 7 

- Motor Enable Drive 1 10 9 

- Drive Select 2 12 11 

- Drive Select 1 14 13 

- Motor Enable Drive 2 16 15 

- Direction Select 18 17 

- Step 20 19 

- Write Data 22 21 

- Write Gate 24 23 

- Track 00 26 25 

- Write Protect 28 27 

- Read Data 30 29 

- Side 1 Select 32 31 

- Diskette Change 34 33 

Figure 9. Control Signal Lines (Jl/Pl) 

Note: Connection is through a 2-by-17 Berg connector. Pin 5 is reserved to polarize the 
connector. 
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Description 

The Extended Enhanced Small Device Interface (ESDI) Adapter connects to the system board 
using one of the 16-bit I/O slots. The adapter controls the 5-1/4 inch diskette drives and 
fixed-disk drives. Connectors on the adapter supply all the signals necessary to operate up to 
three fixed-disk drives and two diskette drives. The adapter allows concurrent data operations on 
one diskette and one fixed-disk drive as well as overlapped seeks on the fixed-disk drives. 

The adapter supports 16 bit data transfers to the fixed disk in both Programmed Input/Output 
(PIO) and system Direct Memory Access (DMA) modes. Status and command PIO transfers to 
the fixed disk must be 8 bit or 16 bit in PIO mode, but command transfers must be 16 bit in 
DMA mode. All diskette transfers are 8 bit. 

The adapter operates when connected to a channel I/O slot. This channel is described in the 
"I/O Channel" section of the RT PC Technical Reference Manual. 
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Fixed-Disk PIO Mode 

In PIO mode the adapter accepts commands, returns status, and transfers data with PIO 
operations. The commands are written to a task file, the status is read from status registers, and 
the data is transferred to or from a data stack. 

The task file registers are loaded with the appropriate information. The last register loaded is the 
command register. When the command register is loaded, the adapter executes the defined 
command using the other registers where appropriate. 

When a Seek command is issued to the adapter, it selects the appropriate drive and sends the 
correct command data to the selected drive. Then the adapter resets the busy bit in the status 
register. When the previous Seek command is completed, the system sends either a Read or 
Write command to the drive. During a Write operation, the adapter sets Data Request when it 
is ready to accept write data into the data stack. After the data is transferred into the stack, the 
adapter remains busy until the data transfer to the selected drive is complete. 

During a Read operation, the adapter sets the busy bit in the status register. After the first sector 
of data is read from the disk into the data stack, the adapter resets the busy bit and sets the 
Data Request bit to signal the system that a sector of data is ready for transferring to the system. 
The system will PIO the data (2 bytes at a time) and the adapter resets Data Request after the 
last data transfer occurs. 
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Task File Registers 

PIO fixed-disk operations are controlled by a task file which is a set of 8-bit registers. PIO data 
transfers are done by a 16-bit data stack. The I/O addresses and register definitions are shown in 
the table below. 

PIO Mode Address 

Primary Secondary Read Write 

01FO 0170 Data stack Data stack 
01Fl 0171 Error register Not used 
01F2 0172 Sector count Sector count 
01F3 0173 Sector number Sector' number 
01F4 0174 Cylinder low Cylinder low 
01F5 0175 Cylinder high Cylinder high 
01F6 0176 Drive/head register Drive/head register 
01F7 0177 Status register Command register 
03F6 0376 Interrupt status Fixed disk register 
05F3 0573 Mode control register Mode control register 

Figure 1. Task File 

Note: The I/O addresses are selectable by a jumper on J6. P is for primary and S is for 
secondary. 

PIO Data Stack 

The data stack is a 16-bit wide stack providing access to an adapter buffer for read, write, 
format, and other operations which require data transfer. This stack should only be accessed 
during data transfer operations when Data Request is on and busy is off. The host may read or 
write from this stack for diagnostic purposes by means of the Read/Write Buffer command. 

Error Register 

The error register contains specific information related to the previous command. The data is 
valid only when the error bit in the status register is set, unless the adapter is in diagnostic 
mode. Diagnostic mode is defined as the time immediately after a adapter reset or after a 
Diagnose Command has been issued. In these cases the register must be checked regardless of 
the status register indication. 

Extended ESDI Adapter 3 



TNL SN20-9844 (March 1987) to 75X0235 

Diagnostic Mode 

X'El' No errors 

X'E2' Control buffer error 

X'E3' Data buffer error 

X'E6' Gate array error 

X'E8' AIC 010 error 

X'EA' 8031 error 

X'EC' Read Only Memory (ROM) error 

X'EE' Stuck attention error 

X'FO' Device error bit stuck on 

Operational Mode 

The following are bit definitions for the PIO operational mode: 

X'CO' Bad block detected alternate 

X'80' 

X'40' 

X'20' 

X'lO' 

X'08' 

X'04' 

X'02' 

Bad block detected-The bad block mark is detected in the target ID field. No Read 
or Write commands are executed on any data fields marked bad. 

Data Error Correcting Code (ECC) error-This indicates that an uncorrectable ECC 
error has occurred in the data field during a Read command. If retries are enabled, 
the controller attempts to read the sector 48 times before posting this error, 
otherwise no retries are attempted. 

Reserved 

ID Not Found-The ID field with the specified cylinder, head, and sector number 
could not be found. If retries are enabled, the controller attempts to read the ID up 
to 40 times prior to indicating the error. 

Adapter failure-This bit indicates an adapter malfunction. 

Terminated command-A command is aborted based on drive status such as 
Attention, Not Seek Complete, Drive Not Ready, or an Invalid command. The 
status and error registers may be decoded to determine the cause. 

Track 0 error-This bit is set if, during a Restore command, the adapter was not 
able to complete a recalibrate. 
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Data Address Mark (DAM) not found-This indicates that the Data Address Mark 
(DAM) could not be found within 16 bytes of the ID field. With retries enabled, the 
adapter attempts to locate the DAM up to 48 times. If retries are disabled, only one 
attempt is made. 

Sector Count Register 

The sector count register defines the number of sectors transferred during a Verify, Read, Write, 
or Format command. During a multisector operation, the sector count is decremented and the 
sector number is incremented. When the disk is being formatted, the number of sectors per 
track must be loaded into the register prior to each Format command. The adapter supports 
multi sector transfers across track and cylinder boundaries. The drive characteristics must be set 
up by the Set Parameters command before initiating a multisector transfer. The sector count 
register must be loaded with the number of sectors to be transferred for any data-related 
command. 

Notes: 

1. A 0 in the sector count register specifies a 256-sector transfer. 

2. For multisector operations involving hard errors, sector count is not decremented after the 
hard error. 

3. During single sector operations, the sector number is always decremented after the 
operation, regardless of errors. 

Sector Number Register 

The starting sector number for Read, Write, and Verify operations is loaded into this register. 
During multisector operations, the sector number increments after each sector is read unless a 
hard error occurs. In this case, the sector is not incremented after the error. For single sector 
operations the sector number is always incremented regardless of errors. 
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Cylinder Number Registers 

The starting cylinder number for Read, Write, Seek, and Verify is loaded into these registers as 
shown below. Up to 2048 cylinders are addressed by the cylinder number registers. 

Cylinder High Cylinder Low 

Register bits 76543210 76543210 
Cylinder bits ------A98 76543210 

Figure 2. Cylinder Number Registers 

Drive/Head Register 

Bit 7 Drive enable 

Bit 6 Drive select bit I-Select drive 2. 

Bit 5 Reserved 

Bit 4 Drive select bit O-Selects drive 0 or 1. 

Bit 3 - Bit 0 Head select bits-Bits 3 through 0 specify the desired read/write head. Bit 0 is the 
least significant (0101 selects head 5). The adapter supports up to 16 read/write 
heads. 

Note: This register must be loaded with the maximum number of heads for each drive before a 
Set Parameters command is issued. 

The desired drive is specified by bits 7, 6 and 4 in the following way: 

Bit 7 Bit 6 Bit 4 Drive 

1 0 0 0 

1 0 1 1 

1 1 0 2 

1 1 1 Reserved 

0 X X No file selected 
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PIO Status Register 

The controller sets up the status register with the command status after execution. The program 
must look at this registeJ; to determine the result of any PIO operation. If the busy bit is set, no 
other bits are valid. A read of the status register clears the active interrupt request. If 'write 
fault' or 'error' is active, or if 'command complete' or 'drive ready' is inactive, a multisector 
operation is aborted. 

The following defines the bits of the status register: 

Bit 7 Busy-This bit indicates the controller status. A 1 indicates the controller is 
executing a command. If this bit is set, no other status register bit is valid, 
therefore, the busy bit must be examined before any fixed disk register is read. 

Bit 6 Drive Ready-A 1 on this bit together with a 1 on command complete bit (bit 4) 
indicates that the fixed-disk drive is ready to read, write, or seek. A 0 indicates 
that read, write, and seek are inhibited. 

Bit 5 Write Fault-A 1 on this bit indicates improper operation of the drive; read, 
write, or seek is inhibited. 

Bit 4 Command Complete-indicates that all commands to the file that is selected are 
complete. 

Bit 3 Data Request-This bit indicates that the sector buffer requires servicing during a 
Read or Write command. If either bit 7 (busy) or this bit is active, a command is 
being executed. l!pon receipt of any command, this bit is reset. 

Bit 2 Corrected Data-A 1 on this bit indicates that the data read from the disk was 
successfully corrected by the ECC algorithm. Soft errors will not end multisector 
. operations. 

Bit 1 Reserved 

Bit 0 Error-A 1 on this bit indicates that the previous command ended in an error, 
and that one or more bits are set in the error register. The next command from 
the controller resets the error bit. This bit, when set, halts multisector operations. 

Notes: 

1. Programmers must allow for the possibility that an interrupt could be present and 
automatically reset when reading the status register. 

2. After any reset pulse or Diagnose command, busy must be activated within one millisecond 
and kept active until the self-diagnostics are complete. This time must be at least 10 
milliseconds and not more than 1.4 seconds. 
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PIO Command Register 

The command register accepts commands to perform fixed disk operations. Commands are 
executed by loading the task file and writing in the command register while the controller status 
is not busy. Any code not defined in the following table may cause an Aborted Command error. 

Command Bits 
7 6 5 4 3 2 1 0 

Restore 0 0 0 1 0 0 0 0 
Seek 0 1 1 1 0 0 0 0 
Read Sector 0 0 1 0 0 0 L R 
Write Sector 0 0 1 1 0 0 L R 
Format Track 0 1 0 1 0 0 o 0 
Read Verify 0 1 0 0 0 0 o R 
Diagnose 1 0 0 1 0 0 o 0 
Set Parameters 1 0 0 1 0 0 0 1 
Init ESDI 1 1 1 0 0 0 o 0 
Read Data Buffer 1 1 1 0 0 0 0 1 
Write Data Buffer 1 1 1 0 0 0 1 0 

Figure 3. Valid Command-Register Commands 

The following figure shows the bit definitions for bits Land R: 

Bit Definition 0 1 

L Data Mode Data Only Data + 4 byte Eee 
R Retry Mode Retries Enabled Retries Disabled 

Figure 4. Land R Bit Definitions 

Notes: 

1. The system verifies the operation of EeC by reading and writing with the EeC bytes 
directly to the drive. This is done by setting bit L to 1. If the L bit is a 1, then the sector 
count must be a 1. 

2. After a adapter reset, the data transfer mode is set to PIO. 
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The following are descriptions of the valid command-register commands: 

Restore 

A seek to cylinder 0 command is sent to the selected drive. The drive heads seek to cylinder 0 
and any track offsets are cleared. The seek is retried up to six times before a Recalibrate 
command is sent. If the Recalibrate command fails, a track 0 error is returned. An interrupt is 
generated at the completion of the command. 

Seek 

The Seek command moves the read/write heads to the cylinder specified in the task files. The 
adapter supports overlapped seeking on all drives. An interrupt is generated when the command 
has been sent to the file. The system must monitor command complete before sending another 
command to that drive. 

Read Sector 

A number of sectors (1-256) may be read from the fixed disk with or without the ECC field 
appended in the Programmed I/O (PIa) mode. If the heads are not positioned over the target 
track, an implied seek occurs. Data errors, up to nine bits in length, are corrected if retries are 
enabled. If an uncorrectable error occurs, the adapter will not transfer the data, returns an 
uncorrectable error and an interrupt occurs. Interrupts occur as each sector is read by the 
system. No interrupt is generated at the end of the command, after the last sector is read by the 
system. 

Note: If the L bit is a one, the sector count must be a one. 

Write Sector 

A number of sectors (1-256) may be written to the fixed disk with or without the ECC field 
appended in the PIa mode. The Write Sector command also supports implied seeks. Interrupts 
for the Write command occur before each sector is transferred to the buffer (except the first) 
and at the end of the command. The first sector may be written to the buffer immediately after 
the command has been sent, and' data request' is active. If retries are enabled the adapter 
makes eight attempts at writing the data before reporting an error. 

Note: If the L bit is a one, the sector count must be a one. 
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Format Track 

The track specified by the task file is formatted with ID and data fields according to the 
interleave table transferred to the buffer. The 1-to-1 interleave table is composed of two 
hexadecimal bytes per sector as follows: 00, 01, 00, 02, 00, 03, 00, 04, 00, 05, 00, 06, 00, 07, 00, 
08,00,09,00, OA, 00, OB, 00, OC, 00, OD, 00, OE, 00, OF, 00, 10,00, 11,00, 12,00, 13,00, 14, 
00, 15,00,16,00,17,00, 18,00,19,00, lA, 00, 1B, 00, 1C, 00, 1D, 00, IE, 00, IF, 00,20,00, 
21, 00, 22, 00, 23, 00, 24. The data transfer must be 512 bytes even though the table may be 
only 72 bytes. The sector count register must be loaded with the number of sectors per track 
before each Format Track command. An interrupt is generated at the completion of the 
command; the Format Track command supports no error reporting. A bad block may be 
specified by replacing a X'OO' table entry with an X'80' or X'CO'. When switching between 
drives, a restore command must be executed prior to attempting a format. 

Read Verify 

This command is similar to a Read command except that no data is sent to the host. This 
allows the system to verify the integrity of the fixed-disk drive. A single interrupt is generated 
upon completion of the command or in the event of an error. If retries are enabled, 40 retries 
are attempted before posting an error in the error register. 

Initialize ESDI 

This command allows the system to instruct a selected drive by direct command 
communication. The system must load the command into the cylinder high and cylinder low 
registers (high and low data bytes) prior to issuing the command. The controller serializes the 
data, adds parity and sends the command to the drive. The drive executes the command and 
returns any status to the cylinder high and cylinder low registers for system interpretation. The 
following ESDI file commands are examples of some commands that may be passed to the 
drives using this host command. 

• Initiate File Diagnostics 

• Request Configuration 

• Stop/Start Spindle Motor 

• Offset Data Strobe 

• Offset Track. 

For further information refer to Enhanced Small Device Interface Specification revision F or 
later. 

Diagnose 

This command causes the adapter to execute its self test code and return the results to the error 
register. An interrupt is generated at the completion of this command. 
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Write Data Buffer 

Upon receiving this command, the adapter sets up a 16K-byte buffer. When busy is off and data 
request is on, the system writes to this buffer. Command completion will not generate a 
completion interrupt. All 16K-bytes must be written before issuing another command. This is 
primarily a diagnostic command. 

Read Data Buffer 

Upon receiving this command, the adapter sets up a 16K-byte buffer. When busy is off and data 
request is on, the system reads this buffer. Command completion will not generate a completion 
interrupt. All 16K-bytes must be read before issuing another command. This is primarily a 
diagnostic command. 

Set Parameters 

This command sets up the drive parameters (maximum number of heads and sectors per track). 
The drive/head register specifies the drive affected. The sector count and drive/head registers 
must be set up before this command is issued. The adapter uses the values specified for track 
and cylinder crossing during multisector operations. An interrupt is not generated at the 
completion of this command. This command must be issued before any multi sector operations 
are attempted. 

Mode Control Register 

This register switches the adapter between the PIO and DMA mode. In DMA mode, this register 
also selects the DMA burst length. 

Bit 3 Bit 2 Bit 1 Bit 0 Definition 

X 0 0 0 PIO Mode Normal 

X X 1 0 PIO Mode Reserved 

X 1 X 0 PIO Mode Reserved 

0 0 0 1 DMAMode 

See "Fixed-Disk DMA Mode" on page 13 for definition of DMA mode bits. 
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Fixed Disk Register 

The fixed disk register is an eight-bit write only register whose bits are defined below. 

Bit 7 Reserved 

Bit 6 Reserved 

Bit 5 Reserved 

Bit 4 Reserved 

Bit 3 Alternate DMA channel-When bit 3 is set to 0, the fixed disk primary adapter 
uses DMA channel ° and the secondary adapter uses DMA channel 3. When this 
bit is set to 1, the adapter uses DMA channell. 

Bit 2 Reset adapter-When bit 2 is set to 0, the adapter is reset and the adapter is set to 
PIO mode. 

Bit 1 Enable hard file interrupts-When bit is 1 set to 0, hard file interrupts are enabled. 

Bit 0 Alternate interrupt level 

° Fixed disk uses interrupt sharing on level 14 
1 = Fixed disk uses interrupt sharing on level 12. 

Interrupt Status Register 

This eight-bit register is used to interrupt status of the fixed disk and the diskette. 

Bit 7 Fixed disk interrupt 

Bit 6 Diskette interrupt 

Bits 5 - 0 Reserved 

Reset and Initial Power On 

Applying a pulse to the + Reset line, or toggling the Reset bit in the fixed disk register resets 
the adapter and enables interrupts on level 14. All registers are set to zero except for the 
following: 

• Error register 

• Drive/Head Register (X' AO') 

The adapter is put into diagnostic mode and the self diagnostics are run. 

If a Write operation is in progress when the Reset occurs, bad data may be written onto the file. 

12 Extended ESDI Adapter 



TNL SN20-9844 (March 1987) to 75X0235 

Fixed-Disk DMA Mode 

In DMA Mode commands and status are transferred by PIa operations, but data is transferred 
by alternate controller DMA. The commands are written into a command stack and a 
command register. Adapter status is read from the status register. Setting bit 0 of the mode 
control register to 1 places the adapter in DMA mode. The burst length must also be set. 

In DMA mode the adapter has a two element command queue for each of three files plus a 
buffer queue. A command can be sent to the adapter whenever the busy bit is off. The adapter 
interrupts the host when a command completes. 

Status and Command Registers 
The addresses of the DMA status and command registers are shown in the following table. The 

. mode control register and the fixed disk register are the same in DMA and PIa modes. 

DMA Mode Address 

Primary Secondary Read Write 

03F6 0376 Interrupt status Fixed disk register 
05FO 0570 Error A register Command stack 
05F3 0573 Mode control register Mode control register 
05F4 0574 Error B register Reserved 
05F6 0576 Status register Command register 

DMA Status Register 

The DMA status register is a 16 bit register that the system uses to sense the adapter status. 

Bit 15 

Bit 14 

Bit 13 

Bit 12 

Bit 11 

Busy bit-The busy bit is set by a write to the command register and is reset when 
the adapter can accept another command. All writes to the command register, 
command stack, and the mode control register are ignored when this bit is set. 

Status Valid-This bit indicates valid status in the status and error registers. This bit 
is reset when the system does an 8 bit read on the low byte of the status register 
(5F6 or 576). If disk interrupts are enabled then this bit also controls interrupts. 

Corrected Data-This bit is set whenever the adapter has corrected a hard error in a 
read or read verify with retries on. 

Reserved 

Reserved 

Extended ESDI Adapter 13 



TNL SN20-9844 (March 1987) to 75X0235 

Bits 10 - 8 File Queue Position-These 3 bits define which file queue position the status is for: 

000 File 0 queue A 
001 File 0 queue B 
010 File 1 queue A 
011 File 1 queue B 
100 File 2 queue A 
101 File 2 queue B 
110 Buffer transfer queue A 
111 Buffer transfer queue B 

Bits 7 - 0 Error code-The error type reported is encoded in an 8 bit error code. The 
following is a summary of the error codes returned. 

Error Code (hex) Definition 

00 No error detected (command completed) 

01 No data address mark 

02 Track 0 error 

04 Aborted command 

08 Adapter error 

10 ID not found 

20 Write fault error 

40 U ncorrectable data ECC error 

80 Bad block detected 

CO Bad block detected alternate 

21 Write parity error 

24 Invalid command 
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Command Register 

The command register is a 16-bit register containing the command and file queue. Writing to 
the command register sets the busy bit and resets the adapter command stack pointer for the 
next command. 

DMA mode supports the following commands. 

Command Bits 15 - 8 Bits 7 - 0 

Read File 0 0 1 0 T 0 0 R 0 0 0 0 0 F F F 
Write File 0 0 1 1 o 0 0 R 0 0 0 0 0 F F F 
Read Verify 0 1 0 0 o 0 0 R 0 0 0 0 0 F F F 
Read Buffer 0 1 1 1 o 0 0 1 0 0 0 0 0 1 1 Q 
Write Buffer 0 1 1 1 o 0 1 0 0 0 0 0 0 1 1 Q 
Restore 0 0 0 1 o 0 0 0 0 0 0 0 0 F F F 
Shutdown 1 1 1 1 o 0 0 0 0 0 0 0 0 0 0 0 

Figure 5. Valid Command-Register Commands 

The following figure shows the bit definitions for bits T, Rand Q. 

Bit Bit = 0 Bit = 1 

T Transfer to system Transfer to buffer 
R Retries enabled Retries disabled 
Q Buffer transfer queue A Buffer transfer queue B 

Figure 6. T, Rand Q Bit Definitions 
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The following table shows the bit definitions for bits FFF. 

FFF File and Queue Position 

000 File queue 0 position A 
001 File queue 0 position B 
010 File queue 1 position A 
011 File queue 1 position B 
100 File queue 2 position A 
101 File queue 2 position B 
110 Reserved 
111 Reserved 

Command Stack 

The command stack is a 10 byte stack organized 16 bits wide by 5 deep. All writes to the stack 
must be 16 bits wide. Command parameters must be written to the command stack before the 
command is written to the command register. Writing to the command register resets the 
adapter stack pointer for the next command. 

Error A Register 

This 16-bit register is used for error reporting. If the error was a bad command error this register 
contains the rejected command. If the error was a file error this register contains the head and 
sector that had an error. 

Error B Register 

This 16 bit register is used for reporting file errors. If there was a file error this register contains 
the cylinder that had an error. 

Interrupt Status register 

This 8 bit register is used to interrupt status of the fixed disk and the diskette. 

Bit 7 Fixed disk interrupt 

Bit 6 Diskette interrupt 

Bits 5 - 0 Reserved 
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Mode Control Register 

This register switches the adapter between PIO and DMA mode. In DMA mode this register 
also selects the DMA burst length. This register is set to 0 at power on time. For normal 
AIX/R T PC system operation it is recommended that the DMA burst length not be set to more 
than 16 bytes. 

Bit 3 Bit 2 Bit 1 Bit 0 Definition 

X 0 0 0 PIO Mode Normal 

X X 1 0 PIO Mode Reserved 

X 1 X 0 PIO Mode Reserved 

0 0 0 1 DMA Mode - 4 Byte Burst 

0 0 1 1 DMA Mode - 8 Byte Burst 

0 1 0 1 DMA Mode - 16 Byte Burst 

0 1 1 1 DMA Mode - 32 Byte Burst 

1 0 0 1 DMA Mode - 64 Byte Burst 

1 0 1 1 DMA Mode - 128 Byte Burst 

1 1 0 1 DMA Mode - 256 Byte Burst 

1 1 1 1 DMA Mode - 512 Byte Burst 

Fixed Disk Register 

The fixed disk register is an 8-bit write-only register whose bits are defined as follows: 

Bit 7 Reserved 

Bit 6 Reserved 

Bit 5 Reserved 

Bit 4 Reserved 

Bit 3 Alternate DMA channel-When bit 3 is set to 0, the fixed disk primary adapter 
uses DMA channel 0 and the secondary adapter uses DMA channel 3. When this 
bit is set to 1, the adapter uses DMA channell. 

Bit 2 Reset adapter-When bit 2 is set to 0, the adapter is reset and set to PIO mode. 

Bit 1 Enable hard file interrupts-When bit 1 set to 0, interrupt level 14 is enabled. 
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Bit 0 Alternate interrupt level 

o Fixed disk uses interrupt sharing on level 14 
1 = Fixed disk uses interrupt sharing on level 12. 

Command Protocol 

Initial Adapter Setup 

After the initial power on sequence, the adapter is in PIO mode. To switch to .DMA mode the 
host sets the mode control register to DMA mode with the desired burst length. The host must 
then wait 100ms before sending any commands. After this operation, all data transfers from the 
files are done in DMA mode. Resetting the DMA mode register to zero, or a Shutdown 
command will put the adapter in PIO mode. 

Normal Command Execution 

Whenever the busy bit is off, the host may issue a new command. To do this, the host sends 
DMA command parameters to the DMA command stack and then loads the DMA command 
op-code and file queue position into the DMA command register. The adapter empties the 
command block area and clears the busy bit that was set by the write to the command register. 
The adapter interrupts the host Wh~Il a \,;ullullaiKl has COiiipktcd. This pi'v;'id~$ ~ ~~thGd Gf 
issuing new commands to the adapter during time periods when the adapter is transferring data 
to or from the host using DMA, as well as at all other times. 

As explained in the command queuing section below, two commands, A and B can be entered 
into each queue. The host must never send a new command to position A (or B) of any queue 
until the previous 
A (or B) command has completed for that queue. Up to two commands can be queued for each 
drive by sending commands A and B to each of the four queues, with each queue being used for 
a single file. 

Command Queuing 

After issuing a command to a file by filling the DMA command block stock and issuing a 
command to queue position 1 A (or B), another command can be issued to the same file before 
the first command is completed. This is done by waiting for the busy bit to be turned off and 
issuing a new command block for the same file to queue position 1 B (or A). 

The adapter continues with the first command and interrupts the host when it is complete. The 
adapter will then automatically continue with the next command. After the host has responded 
to the first interrupt for that queue, it can then issue another command to the file by sending a 
new command with a target of the same file or path combination as the command just 
completed. 
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Up to two commands can be queued for each fixed disk by issuing four pairs of A and B 
commands, with each queue used for a single file. 

Command Queue Execution Order 
If commands have been sent by the host to more than one queue before the first command 
completes, the order of execution of queued commands is as follows: 

• When the queues are empty, the adapter begins by accessing the queue which is addressed 
by the first command received. 

• When this command completes, the other command (such as, the A or B command) for the 
same queue is executed if it has been sent by the host. 

• After this command completes, the adapter continues to execute all commands in the same 
queue until it completes all commands which the host has sent for that queue (that is, as 
long as the host continues alternately sending Commands A and B to a queue the adapter 
continues executing these commands alternately until the host stops sending them). 

• After completing all commands for a particular queue and finding no more available, the 
adapter executes commands for the next queue. 

• It will then continue executing commands for that queue until no more are available. 

• Finally, it will execute all commands for the third queue before checking the first queue 
again. 

• To summarize, the order of execution of commands can be seen as a ring from queue 0 to 
queue I to queue 2 with an indefinite number of operations performed on queue before 
moving to queue n + 1. 

For commands which require seek operations at the start, the seek command is issued to the 
addressed file, and the A or B command for the next queue is examined. If there is a command 
that does not require a seek or has completed a seek, then it is executed while the seek 
operation for the previous queue is occurring. If all files have seek operations in progress, the 
adapter executes the command for the queue whose seek operation completes first, and 
continues executing the commands for that queue until the queue is empty. 

When the adapter is waiting seeks to complete before starting commands it will start DMA 
transfers for Write commands, Read Buffer commands, and Write Buffer commands. 

When the adapter is executing commands in a file queue, Read buffer and Write buffer 
commands are started under the following condition: 

• The adapter is doing a seek in a read command. 

• The command is a Read File to Buffer command. 

• The command is a Read Verify command. 

• The adapter has finished the DMA data transfer for a write command and there is no other 
Write DMA data to be transferred. 
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DMA Command Register 
The DMA command register is a 16-bit register that is written to by the host to notify the 
adapter that a command has been sent. Writing to this register sets the busy bit in the status 
register and resets the command stack pointer for the the next command. This register should 
be written after any command stack parameters are written. This register can only be written 
when the busy bit is off. 

DMA Command Stack 
The DMA command stack is a 10-byte stack that is used on any command that is more than 
two bytes long. The host can write to the stack using 16-bit writes or 32-bit writes. The 
command stack pointer (a counter on the adapter) is reset to the stack beginning by a write to 
the DMA command register. The command stack can only be written when the busy bit is off. 

DMA Commands 
In DMA mode the adapter executes the following commands: Read File Read Buffer Read 
Verify Write File Restore Shutdown. 

The host issues a command to the adapter by loading all of the command parameters into the 
command stack and then writing into the command register. The adapter interrupts the host 
when each command has completed. 

Read File 

This command reads 1 to 4 sectors from the file to the command buffer location. The read 
starts at the cylinder, head, and sector in the command. If the transfer bit is on, the adapter will 
DMA the data to the host starting at the address specified in the command. If the retries are 
enabled, the adapter attempts to recover from error conditions before reporting an error. (Refer 
to "Error Recovery" on page 24 for error recovery procedures.) The adapter interrupts and 
returns status to the host when this command is complete. 

Stack Bits 15 - 8 Bits 7 - 0 

Stack 0 Cylinder Low Cylinder High 

Stack 1 Sector Address Head Address 

Stack 2 Buffer Address Sector Count 

Stack 3 DMA Address 17-23 xxx XXX XX 
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Stack Bits 15 - 8 Bits 7 - 0 

Stack 4 DMA Address 1-8 DMA Address 9-16 

Write File 

This command writes 1 to 4 sectors from the host to the file. The buffer location contained in 
the command will be used. The write starts at the cylinder, head, and sector in the command. 
The adapter will DMA the data from the host starting at the address specified in the command. 
If the retries are enabled the adapter attempts to recover from error conditions before reporting 
an error. (See "Error Recovery" on page 24 for error recovery procedures.) The adapter 
interrupts and returns status to the host when this command is complete. 

Stack Bits 15 - 8 Bits 7 - 0 

Stack 0 Cylinder Low Cylinder High 

Stack 1 Sector Address Head Address 

Stack 2 Buffer Address Sector Count 

Stack 3 DMA Address 17-23 XXXXXXXX 
Stack 4 DMA Address 1-8 DMA Address 9-16 

Read Verify 

This command reads 1 to 4 sectors from the file and verifies that the data is valid. No data is 
transferred to the buffer or to the system. The read starts at the cylinder, head, and sector in the 
command. If retries are enabled, the adapter attempts to recover from error conditions before 
reporting an error. (See "Error Recovery" on page 24 for error recovery procedures.) The 
adapter interrupts and returns status to the host when this command is complete. 

Stack Bits 15 - 8 Bits 7 - 0 

Stack 0 Cylinder Low Cylinder High 

Stack 1 Sector Address Head Address 

Stack 2 Buffer Address Sector Count 
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Read Buffer 

This command transfers 1 to 32 sectors from the buffer location contained in the command to 
host. The adapter will DMA the data to the host starting at the address specified in the 
command. The adapter interrupts and returns status to the host when this command is 
complete. 

Stack Bits 15 - 8 Bits 7 - 0 

Stack 0 XXXXXXXX XXXXXXXX 
Stack 1 XXXXXXXX xxx XXX XX 
Stack 2 Buffer Address Sector Count 

Stack 3 DMA Address 17-23 XXXXXXXX 
Stack 4 DMA Address 1-8 DMA Address 9-16 

Write Buffer 

This command transfers 1 to 32 sectors to the buffer location contained in the command to 
host. The adapter will DMA the data from the host starting at the address specified in the 
command. The adapter interrupts and returns status to the host when this command is 
complete. 

Stack Bits 15 - 8 Bits 7 - 0 

Stack 0 XXXXXXXX xxx XXX XX 
Stack 1 XXXXXXXX XXXXXXXX 
Stack 2 Buffer Address Sector Count 

Stack 3 DMA Address 17-23 XXXXXXXX 
Stack 4 DMA Address 1-8 DMA Address 9-16 
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Restore 

The Restore command issues a seek to track zero on the specified file. If there is a seek error 
the adapter issues the seek up to five more times. If an error still remains, a recalibrate 
command will be sent. An interrupt and status is returned to the system when the command is 
completed. 

Shutdown 

The Shutdown command halts all commands at a sector boundary and then: 

• Flushes all queues 
• Returns the adapter to PIO mode 
• Starts a diagnose command. 

This command is used at early power otT warning and at soft Initial Program Load (lPL) times. 
An interrupt is returned when the diagnose command completes. 

Note: The data butTers are managed by the system. The adapter starts the data butTer where it 
is told and wraps from the last butTer to the first if that is required. 
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Error Recovery 

Bad Block ID 
All IDs that have good Eee are checked for a bad block flag (bit 7 in the head ID field). If 
there is a bad block flag, then the cylinder, head, and sector of the ID is compared to the 
cylinder, head, and sector of the ID being searched for. If the IDs are the same, then the read or 
write operation is stopped and a bad block error is returned. 

ID Not Found 
The adapter searches for the ID for two times the number of sectors per track (this value is set 
by a set parameter command). If the ID is not found and retries are disabled, then the read or 
write is stopped and an ID not found error is returned. 

If retries are enabled for a write, the adapter searches for the ID for eight times the number of 
sectors per track. For a read, the adapter searches 40 times the number of sectors per track using 
offsets. During this search the IDs are checked for the correct cylinder value. If the cylinder 
value is not correct, the adapter tries to seek to the correct cylinder up to three times. If the 
correct ID is not found in the retries, an ID not found is returned. 

Read Data Errors 
If the adapter finds a data field with bad Eee or a data address mark error and retries are 
disabled the read is stopped and an uncorrectable Eee error or a data address mark error is 
returned. 

If retries are enabled then the following retries will be attempted to read correct data. 

8 retries with Track offset = 0 and Data Strobe offset = 0 
8 retries with Track offset = + 1 and Data Strobe offset = 0 
8 retries with Track offset = - 1 and Data Strobe offset = 0 
8 retries with Track offset = 0 and Data Strobe offset = + 1 
8 retries with Track offset = 0 and Data Strobe offset = - 1 

If these retries fail, an additional eight retries are attempted with track and data offsets set to O. 
The adapter attempts to find two consecutive syndromes that match. If the syndromes match 
and the data is correctable, the adapter corrects the data and returns a corrected data flag with 
the data. If the data is uncorrectable or no two consecutive syndromes match, the adapter stops 
the read and returns an uncorrectable error. 

24 Extended ESDI Adapter 



TNL SN20-9844 (March 1987) to 75X0235 

Write Fault Errors 
If a write fault is detected, the adapter attempts to clear the fault condition. With retries 
enabled, the adapter attempts to write the sector seven more times before stopping the write and 
returning a write fault error. If retries are disabled, the adapter stops the write on the first error 
and return a write fault error. 

ESDI Command Errors 
If a PIO ESDI command, PIO Seek command, implied Seek (PIO or DMA mode), or a device 
Recalibrate command (issued during execution of the adapter Restore command) is sent to the 
file, the adapter will check for a device error only once, immediately after sending the 
command. If a parity error or interface error is detected at this time, the adapter will try to 
resend the command up to two more times. If the two retries fail, the adapter will clear busy 
and return an terminated command interrupt. 

If, however, the device returns an error at a later time, the adapter will not report an error and 
the next command must handle the device attention. 

If attention is detected at the start of a command, the adapter issues ESDI commands to read 
the file status and to reset attention. If the error returned is a write gate with offset, then a track 
offset = 0 command and a data strobe offset = 0 command will be sent. If the error returned 
is motor off, then a start motor command will be issued. If these commands are not able to 
clear attention, an aborted command is returned. 

If an invalid head or cylinder is selected, the adapter will set attention and cause all commands 
to be aborted until a valid head and cylinder are selected. 

DMA Parity Error 
If the I/O CH CK line goes low while the adapter has control of the bus during a DMA transfer, 
the adapter will terminate the command and return a DMA parity error (X'21') in the low byte 
of the status register. If the command that was terminated was a read or write to the file, the 
adapter will also abort any other command on that file queue. 
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File Data Format 
The Extended ESDI Adapter works with hard sectored ESDI drives that have unformatted 
sectors of 575 bytes or more. The adapter formats and uses the sectors as follows. 

Format 

The adapter writes hex '00' data for one revolution of the file. The file then writes each sector 
as follows: 

Index or Sector pulse 

Write gate on 

12 bytes '00' PLL sync 

1 byte 'FE' ID sync 

4 bytes ID 

4 bytes IDCRC 

3 bytes '00' write pad 

Write gate off 

1 byte Write splice 

Write gate on 

12 bytes '00' PLL sync 

1 byte 'FE' data sync 

512 bytes '00' data 

4 bytes Data ECC 

3 bytes '00' write pad 

Write gate off 
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Read 

Index or Sector pulse 

Read gate on 

6 bytes 

1 byte 

4 bytes 

4 bytes 

Read gate off 

4 bytes 

Read gate on 

6 bytes 

1 byte 

512 bytes 

4 bytes 

Read gate off 
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'XX' PLL sync minimum 

'FE' ID sync 

ID 

IDCRC 

Write splice 

'XX' PLL sync minimum 

'FE' data sync 

Data 

Data ECC 

Extended ESDI Adapter 27 



TNL SN20-9844 (March 1987) to 75X0235 

Write 

Index or Sector pulse 

Read gate on 

6 bytes 

1 byte 

4 bytes 

4 bytes 

Read gate off 

1 byte 

Write gate on 

12 bytes 

1 byte 

512 bytes 

4 bytes 

3 bytes 

Write gate off 
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'XX' PLL sync minimum 

'FE' ID sync 

ID 

IDCRC 

Write splice 

'00' PLL sync 

'FE' data sync 

Data 

Data ECC 

'00' write pad 



ID Format 

The ID field has the following format: 

Byte I 0 0 0 0 CII CIO C9 C8 

Byte 2 

Byte 3 

Byte 4 

C7 C6 C5 C4 C3 C2 C 1 CO 

BB BH 0 0 H3 H2 HI HO 

S7 S6 S5 S4 S3 S2 SI SO 

12-bit cylinder address 

4-bit head address 

8-bit sector address 
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CO-CII 

HO-H3 

SO-S7 

BB Bad block flag 1 = bad block 0 = good block 

BH Hidden bad block flag 1 = hidden 0 = relocated 

CRC/ECC Polynomial 
The polynomial used for both ID CRC and DATA ECC is 
X30 + X24 + XI8 + XI4 + X8 + X7 + X2 + 1. The polynomial is preloaded with 'O's and the 
sync byte is included. 
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Diskette Function 

One or two diskette drives are attached to the adapter through an internal, daisy-chained, flat 
cable. The attachment supports 360K- and 1.2M-byte diskette drives. 

The adapter is designed for a double-density, MFM-coded, diskette drive and uses write 
precompensation with an analog circuit for clock and data recovery. The diskette-drive 
parameters are programmable, and the diskette drive write-protect feature is supported. The 
adapter is buffered on the I/O channel and uses the system board direct memory access (DMA) 
for record data transfers. An interrupt level 6 indicates when an operation is complete or when a 
status condition requires microprocessor attention. Interrupt level 6 does not support interrupt 
sharing. 

The diskette address registers are shown below. 

I/O Address 

Primary Secondary Read Write 

03F2 0372 Reserved Digital output register 
03F4 0374 Main status register 
03F5 0375 Diskette data register Diskette data register 
03F7 0377 Digital input register Diskette control register 

Digital Output Register 

The digital output register (DOR) is a write-only register used to control drive motors, drive 
selection, and feature enable. All bits are cleared by the I/O interface reset line. The bit 
definitions follow: 

Bit 7 Reserved 

Bit 6 Reserved 

Bit 5 Drive B Motor Enable (Active high) 

Bit 4 Drive A Motor Enable (Active high) 

Bit 3 Enable Diskette Interrupts and DMA (Active high) 

Bit 2 Diskette Function Reset (Active low) 

Bit 1 Reserved 

Bit 0 Drive Select-A 0 on this bit indicates that drive A is selected. 

Drive Select-A.1 on this bit indicates that drive B is selected. 

Note: A channel reset clears all bits. 
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Digital Input Register 

The digital input register is an 8-bit, read-only register used for diagnostic purposes. All bits are 
active high. The following are bit definitions for this register: 

Bit 7 Diskette Change 

Bit 6 Head Select 3 

Bit 5 Head Select 2 

Bit 4 Head Select 1 

Bit 3 Head Select 0 

Bit 2 Drive Select 1 

Bit 1 Drive Select 2 

Bit 0 Drive Select 3. 

Note: Bits 0 through 6 apply to the currently selected fixed-disk drive. 

Diskette Control Register 

Bits 7 - 2 

Bits 1 - 0 

Reserved. 

Selects read/write data rate. 

00 500K-bps 
01 300K-bps 
10 250K-bps 
11 Reserved 

The 300K- and 500K-bps incoming data pulse widths will be those associated with a 500K-bps 
data signal. 

Diskette Controller 

The diskette controller has two registers 
to which the main system processor has access: a status register and a data register. The 8-bit 
status register has the status information about the diskette and may be accessed at any time. 
The 8-bit data register (hex 3F5), which actually consists of several registers in a stack with only 
one register presented to the data bus at a time, stores data, commands, and parameters, and 
provides diskette-drive status information. Data bytes are read from or written to the data 
register in order to program or obtain results after a particular command. 
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Main Status Register 
The main status register may only be read and is used to facilitate the transfer of data between 
the processor and diskette controller. 
The bits in the main status register (hex 3F4) are active high and are defined as follows: 

Bit 7 Request for Master (RQM)- The data register is ready to send or receive data to 
or from the processor. 

Bit 6 Data Input/Output (DIO)-The direction of data transfer between the diskette 
controller and the processor. If this bit is aI, transfer is from the diskette 
controller data register to the processor; if it is a 0, the opposite is true. 

Bit 5 Non-DMA Mode (NDM)-The diskette controller is in the non-DMA mode. 

Bit 4 Diskette Controller Busy (CB)- A Read or Write command is being executed. 

Bit 3 Reserved. 

Bit 2 Reserved. 

Bit 1 Diskette Drive B Busy (DBB)- Diskette drive B is in the seek mode. 

Bit 0 Diskette Drive A Busy (DAB)- Diskette drive A is in the seek mode. 

Diskette Command Phases 
The diskette controller can perform 7 different commands. Each command is initiated by a 
multibyte transfer from the processor, and the result after execution of the command may also 
be a multibyte transfer back to the processor. Because of this multibyte interchange of 
information between the diskette controller and the processor, each command can be considered 
to consist of three phases: 

Command Phase 

The processor issues a sequence of Write commands to the diskette controller that direct the 
controller to perform a specific operation. 

Execution Phase 

The diskette controller performs the specified operation. 
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Result Phase 

After completion of the operation, status and other housekeeping information is made available 
to the processor through a sequence of Read commands to the processor. An interrupt (level 6) 
occurs at the beginning of the result phase. 

During command or result phases the main status register must be read by the processor before 
each byte of information is written or read from the data register. Bits 6 and 7 in the main 
status register must be in a 0 and 1 state, respectively, before each byte of the command word 
can be written into the data register. 

Diskette Controller Commands 

The following is a list of commands that may be issued to the diskette controller: 

• Read Data 

• Format a Track 

• Recalibrate 

• Sense Interrupt Status 

• Specify 

• Seek 

Symbol Descriptions 
The following are descriptions of the symbols used in the Command Definitions later in this 
section: 

AO 

c 

D 

D7-DO 

DTL 

EOT 

GPL 

Address Line O-A 0 selects the main status register, and a 1 selects the data 
register. 

Cylinder Number-Contains the current or selected cylinder number in binary 
notation. 

Data-Contains the data pattern to be written to a sector. 

Data Bus-An 8-bit data bus in which D7 is the most-significant bit and DO is the 
least- significant. 

Data Length-When N is 00, DTL is the data length read from or written to a 
sector. 

End of Track-The final sector number on a cylinder. 

Gap Length-The length of gap 3 (spacing between sectors excluding the YCO 
synchronous field). 
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H Head Address-The head number, either 0 or 1, as specified in the ID field. 

HD Head-The selected head number, 0 or 1. (H = HD in all command words.) 

HL T Head Load Time-The head load time in the selected drive (2 to 256 milliseconds 
in 2-millisecond increments for the 1.2M-byte drive and 4 to 512 milliseconds in 
4-millisecond increments for the 320K-byte drive ). 

HUT Head Unload Time-The head unload time after a read or write operation (0 to 
240 milliseconds in 16-millisecond increments for the l.2M-byte drive and 0 to 
480 milliseconds in 32-millisecond 
increments for the 320K-byte drive). 

MF MFM Mode-A 0 is reserved and a 1 selects MFM. 

MT Multitrack-A 1 selects multitrack operation. (Both HDO and HD1 will be read or 
written.) 

N Number-The number of data bytes written in a sector. Number of bytes = 128 
x 2 * N. 

NCN New Cylinder-The new cylinder number for a seek operation 

ND No-Data-This indicates no data in status register O. 

PCN Present Cylinder Number-The cylinder number at the completion of a Sense 
interrupt status command (present position of the head). 

R Record-The sector number to be read or written. 

R/W Read/Write-This stands for either a 'read' or 'write' signal. 

SC Sector-The number of sectors per cylinder. 

SK Skip-This stands for skip deleted-data address mark. 

SRT This 4 bit byte indicates the stepping rate for the diskette drive as follows: 

1.2M-Byte Diskette Drive 
1111 1 millisecond 
1110 2 milliseconds 
1101 3 milliseconds 

320K-Byte Diskette Drive 
1111 2 milliseconds 
1110 4 milliseconds 
1101 6 milliseconds 
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ST O-ST 1 Status a-Status 3-0ne of the four registers that stores status information after a 
command is executed. 

USO Drive A selected. 

USl Drive B selected. 

Controller Commands 

The following are commands that may be issued to the controller: 

Note: An X is used to indicate a do not care condition. 

Read Data 

Command Phase 

The following bytes are issued by the processor in the command phase: 

Byte Bits 7 - 0 

Byte a MT MF SK a all a 

Bytel X X X X X HD USl usa 

Byte 2 Cylinder Number 

Byte 3 Head Address 

Byte 4 Record 

Byte 5 Number 

Byte 6 End of Track 

Byte 7 Gap Length 

Byte 8 Data Length 
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Result Phase 

The following bytes are issued by the controller in the result phase: 

Byte Bits 7 - 0 

Byte 0 Status 0 

Bytel Status 1 

Byte 2 Status 2 

Byte 3 Cylinder Number 

Byte 4 Head Address 

Byte 5 Record 

Byte 6 Number 
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Format a Track 

Command Phase 

The following bytes are issued by the processor in the command phase: 

Byte Bits 7 - 0 

Byte a a MF a all a 1 

Bytel X X X X X HD USl usa 

Byte 2 Number 

Byte 3 Sector 

Byte 4 Gap Length 

Byte 5 Data 

Result Phase 

The following bytes are issued by the controller in the result phase: 

Byte Bits 7 - 0 

Byte a Status a 
Bytel Status 1 

Byte 2 Status 2 

Byte 3 Cylinder Number 

Byte 4 Head Address 

Byte 5 Record 

Byte 6 Number 
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Recalibrate 

Command Phase 

The following bytes are issued by the processor in the command phase: 

Byte Bits 7 - 0 

Byte 0 00000111 

Byte 1 X X X X X 0 US1 USO 

Result Phase 

This command has no result phase. 

Sense Interrupt Status 

Command Phase 

The following bytes are issued by the processor in the command phase: 

I Byte 
Byte 0 

I Bits 7 - 0 

Result Phase 

The following bytes are issued by the controller in the result phase: 

Byte Bits 7 - 0 

Byte 0 Status 0 

Byte 1 Present Cylinder Number 
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Specify 

Command Phase 

The following bytes are issued by the processor in the command phase: 

Byte Bits 7 - 0 

Byte a 00000011 

Byte 1 (SRT )( HUT ) 

Byte 2 ( HLT )ND. 

Result Phase 

This command has no result phase. 

Seek 

Command Phase 

The following bytes are issued by the processor in the command phase: 

Byte Bits 7 - 0 

Byte a 00001111 

Byte 1 X X X X X HD US1 usa 
Byte 2 New Cylinder 

Result Phase 

This command has no result phase. 

Extended ESDI Adapter 39 



TNL SN20-9844 (March 1987) to 75X0235 

Command Status Registers 

The following is information about the command status registers STO through ST3. All bits are 
active high. 

Command Status Register 0 (STO) 

The following are bit definitions for command status register 0: 

Bit 7-Bit 6 Interrupt Code (IC) 

00 Normal Termination of Command (NT)-The command was completed 
and properly executed. 

01 Abrupt Termination of Command (AT)-The execution of the command 
was started but not successfully completed. 

10 Invalid Command Issue (lC)-The issued command was never started. 

11 Abnormal termination because, during the execution of a command, the 
, ready' signal from the diskette drive changed state. 

Bit 5 Seek End (SE)-Set to 1 when the controller completes the Seek command. 

Bit 4 Equipment Check (EC)-Set if a 'fault' signal is received from the diskette 
drive, or if the' track-O' signal fails to occur after 77 step pulses (Recalibrate 
Command). 

Bit 3 Not Ready (NR)-This flag is set when the diskette drive is in the not-ready state 
and a Read or Write command is issued. It is also set if a Read or Write 
command is issued to side 1 of a single-sided diskette drive. 

Bit 2 Head Address (HD)-Indicates the state of the head at interrupt. 

Bit 1 Unit select 2 (US 2)-Indicates drive B at interrupt. 

Bit 0 Unit select 1 (US 1) -Indicates drive A at interrupt. 
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Command Status Register 1 (ST1) 

The following are bit definitions for command status register 1: 

Bit 7 End of Cylinder (EC)-Set when the controller tries to gain access to a sector 
beyond the final sector of a cylinder. 

Bit 6 Not Used-Always O. 

Bit 5 Data Error (DE)-Set when the controller detects a CRC error in either the ID 
field or the data field. 

Bit 4 Overrun (OR)-Set if the controller is not serviced by the main system within a 
certain time limit during data transfers. The time limits are 11 microseconds for 
the 500K-bps data rate, 17.5 microseconds for the 300K-bps, and 24 
microseconds for the 250K-bps data rate. 

Bit 3 Not Used-This bit is always set to O. 

Bit 2 No Data (ND)-Set if the controller cannot find the sector specified in the ID 
register during the execution of a Read Data, Write Deleted Data, or Scan 
Command. This flag is also set if the controller cannot read the ID field without 
an error during the execution of a Read ID command or, if the starting sector 
cannot be found during the execution of a Read Cylinder command. 

Bit 1 Not Writable (NW)-Set if the controller detects a 'write-protect' signal from 
the diskette drive during execution of a Write Data, Write Deleted Data, or 
Format Cylinder command. 

Bit 0 Missing Address Mark (MA)-Set if the controller cannot detect the ID address 
mark. At the same time, the MD of status register 2 is set. 
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Command Status Register 2 (ST2) 

The following are bit definitions for command status register 2: 

Bit 7 Not Used-Always O. 

Bit 6 Control Mark (CM)-This flag is set if the controller encounters a sector that has 
a deleted data-address mark during execution of a Read Data or Scan command. 

Bit 5 Data Error in Data Field (DD)-Set if the controller detects an error in the data. 

Bit 4 Wrong Cylinder (WC)-This flag is related to ND (no data) and when the 
contents of C on the medium are different from that stored in the ID register, 
this flag is set. 

Bit 3 Reserved 

Bit 2 Reserved 

Bit 1 Bad Cylinder (BC)-Related to ND; when the contents of C on the medium are 
different from that stored in the ID register, and the contents of C is FF, this flag 
is set. 

Bit 0 Missing Address Mark in Data Field (MD)- Set if the controller cannot find a 
data address mark or a deleted data address mark when data is read from the 
medium. 
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Command Status Register 3 (ST3) 

The following are bit definitions for command status register 3: 

Bit 7 Fault (FT)-Status of the 'fault' signal from the diskette drive. 

Bit 6 Write Protect (WP)-Status of the 'write-protect' signal from the diskette drive. 

Bit 5 Ready (R Y)-Status of the 'ready' signal from the diskette drive. 

Bit 4 Track 0 (TO)-Status of the 'track 0' signal from the diskette drive. 

Bit 3 Two Side (TS)-Status of the 'two side' signal from the diskette drive. 

Bit 2 Head Address (HD)-Status of the' side-select' signal from the diskette drive. 

Bit 1 Unit Select I (US I)-Status of the' unit-select-I' signal from the diskette drive. 

Bit 0 Unit Select 0 (US O)-Status of the' unit select 0' signal from the diskette drive. 
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Interfaces 

The system interface is through the I/O channel. The address, DMA, and interrupt assignments 
are shown in the following figures: 

I/O Address 

Primary Secondary Read Write 

03F2 0372 Reserved Digital output register 
03F4 0374 Main status register 
03F5 0375 Diskette data register Diskette data register 
03F7 0377 Digital input register Diskette control register 

Figure 7. Diskette Function 

Note: DMA request is on level 2. The diskette uses interrupt level 6 and does not support 
interrupt sharing. 

PIO Mode Address 

Primary Secondary Read Write 

01FO 0170 Data register Data register 
01F1 0171 Error register Not used 
01F2 0172 Sector count Sector count 
01F3 0173 Sector number Sector number 
01F4 0174 Cylinder low Cylinder low 
01F5 0175 Cylinder high Cylinder high 
01F6 0176 Drive/head register Drive/head register 
01F7 0177 Status register Command register 
03F6 0376 Interrupt status Fixed-disk register 
05F3 0573 Mode control register Mode control register 

Figure 8. Fixed Disk Function 
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DMA Mode Address 

Primary Secondary Read Write 

03F6 0376 Interrupt status Fixed disk register 
05FO 0570 Error A register Command stack 
05F3 0573 Mode control register Mode control register 
05F4 0574 Error B register Reserved 
05F6 0576 Status register Command register 

Figure 9. Fixed Disk Function 

Note: Interrupt request is level 12 or level 14. Both levels are shared interrupts. DMA channels 
0, 1, or 3 are supported. 

The following operations are supported by this adapter: 

• Sixteen bit programmed I/O (PIO) data transfers to the fixed disk. All other transfers must 
be 8 bits wide. 

• The I/O addresses are selected by a jumper on J6. P is for primary and S is for secondary. 

Miscellaneous Information 

• The diskette interface signal - WC Control is the logical inverse of Bit 0, that is, when 
300K-bps is selected the - WC CONTROL is active. 

• The attachment must support up to 80 tracks and up to fifteen 512-byte sectors per track. 

• The table below details the relationship between the data rate and the diskette adapter 
clocks. 

Data Rate Clock Frequency Data Encoding Write Precompensation 

250K bps 4.0 MHz MFM 250 ns. 

300K bps 4.8 MHz MFM 208.3 ns. 

500K bps 8.0 MHz MFM 125 ns. 

• When changing data rates the minimum high and low clock times (40 ns) for the NEC 765 
(or equivalent) must not be violated. 
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Interface Lines 

The interface to the fixed disk drive consists of two cables: 'control' and 'data'. One common 
control cable is used for all drives. A separate data cable is used for each drive. The following 
figures show signals and pin assignments for these cables: 

Signal Name Signal Pin Gnd Pin 

- Head Select 3 2 1 

- Head Select 2 4 3 

- Write Gate 6 5 

- Configuration/Status Data 8 7 

- Transfer Acknowledge 10 9 

- Attention 12 11 

- Head Select 0 14 13 

- Sector 16 -
- Head Select 1 18 17 

- Index 20 19 

- Ready 22 21 

- Transfer Request 24 23 

- Drive Select 0 26 25 

- Drive Select 1 28 27 

- Drive Select 2 30 29 

- Read Gate 32 31 

- Command Data 34 33 

Figure 10. Control Signal Lines (Jl/Pl) 

Note: Connection is through a 2-by-17 Berg connector. Pin 15 is reserved to polarize the 
connector. 
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Signal Name Signal Pin Gnd Pin 

- Drive Selected 1 

- Sector 2 

- Command Complete 3 

Reserved 4 

Polarizer 5 6 

+ Write Clock 7 

- Write Clock 8 

Reserved 9 

+ Read/Reference Clock 10 

- Read/Reference Clock 11 12 

+ NRZ Write Data 13 15 

- NRZ Write Data 14 16. 

+ NRZ Read Data 17 

- NRZ Read Data 18 19 

- Index 20 

Figure 11. Data Transfer Signal Lines (J2/P2) 

Note: Connection is through a 2-by-l0 Berg connector. Pin 5 is reserved to polarize the 
connector. 
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The interface to the diskette drives is a single cable that carries both data and control signals. 
The signals and pin assignments are as follows: 

Signal Name Signal Pin Gnd Pin 

- Reduced Write 2 1 

- Reserved 4 3 

- Reserved 6 5 

- Index 8 7 

- Motor Enable Drive 1 10 9 

- Drive Select 2 12 11 

- Drive Select 1 14 13 

- Motor Enable Drive 2 16 15 

- Direction Select 18 17 

- Step 20 19 

- Write Data 22 21 

- Write Gate 24 23 

- Track 00 26 25 

- Write Protect 28 27 

- Read Data 30 29 

- Side 1 Select 32 31 

- Diskette Change 34 33 

Figure 12. Control Signal Lines (Jl/Pl) 

Note: Connection is through a 2-by-17 Berg connector. Pin 5 is reserved to polarize the 
connector. 
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Description 

The Small Computer System Interface (SCSI) Adapter connects to the system board using one 
of the I/O slots. This adapter board provides a host computer with the capability of controlling 
selected SCSI! devices by means of a 62-pin connector on the rear of the adapter. Connector pin 
definitions and details of the signal protocol used by this adapter are described in this manual. 

The adapter uses 16 bit data transfers and acts as an alternate controller during Direct Memory 
Access (DMA) operations. All other transfers are 8- or 16-bit programmed input/output (PIO) 
transfers unless otherwise noted. The DMA channel used is selected by software. 

The adapter interrupts on interrupt level 11 or 12. The interrupt level used is selected by 
software. Both interrupt levels are sharable. 

The adapter operates when connected to a channel I/O slot. This channel is described in the 
"I/O Channel" section of the R T PC Technical Reference Manual. Diagnostic functions 
including an adapter self-test and wrap are also provided. 

SCSI is used in this manual to represent Small Computer System Interface 
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Software Interface 

Host Reset and Initial Power On 

After a pulse to the RESET host bus pin, the host must write the value X'44' into the auxiliary 
register at OD5C (095C) before the adapter can continue with its normal internal initialization 
process. At the completion of this process: 

• The adapter Basic Assurance Tests (BATs) have been run 

• The adapter hardware has been initialized 

• The configuration register has been cleared 

• The adapter is ready to report the result of the BATs. 

All commands issued to the command register before the auxiliary register is written as 
described above will be ignored. 

At the completion of the initialization process, the user must read the status registers for the 
BATs status. This causes the busy bit in the low byte of the status register to be turned off to 
allow adapter commands to be issued and normal operation to continue. See "Perform Basic 
Assurance Tests - BATs (Op code 4)" on page 13 for more information on clearing BATs status. 

I/O Addresses 

The SCSI adapter can be configured to respond to two sets of register addresses, primary and 
alternate, depending on the position of the jumper. Jumper insertion on pins 2 and 3 defines 
the alternate addresses. 

,2 SCSI. Adapter 
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These I/O addresses are defined in the table below: 

I/O Address 

Primary Alternate Read Write Length 

OD5E 095E Status Command 16 Bits 
OD5C 095C Auxiliary Auxiliary 16 Bits 
OD5B 095B Reserved DMA Mode 8 Bits 
OD58 0958 Status Extension Parameter Stack 16 Bits 
OD52 0952 Configuration (12 Bits) Configuration (8 Bits) 8/12 Bits 

Figure 1. SCSI Adapter I/O Addresses 

Register Definitions 

The register definitions are defined with respect to I/O instructions on the IBM RT PC. Notice 
that during 16 bit I/O operations, a low for high byte swap occurs between the processor 
channel and the I/O channel. See the "I/O Channel" section in RT PC Technical Reference 
Manual for details. 

Status Register 
The status register returns command completion status. It is read after an interrupt occurs and 
before sending a new command (see bit 7). An 8-bit read operation to OD5E/095E clears 
interrupts and allows subsequent interrupts to occur. Sixteen bit reads of OD5E/095E or 8 bit 
reads of OD5F /09 5F will not result in interrupts being cleared. 

Bits 15-8 These bits contain the completion status codes for adapter operation as described in 
"Status Code Table" on page 31. For SCSI commands, these bits contain the SCSI 
status byte returned by the SCSI device. 

Bit 7 This bit indicates that the adapter is busy processing commands and has not 
emptied the parameter stack. The host must not attempt any write operations to the 
command register or the parameter stack until this bit is a zero. This bit is set 
immediately after a write operation to the command register, and is cleared by the 
adapter as soon as it has emptied the stack. (Usually within 100 microseconds 
unless its unsent SCSI command staging area is full.) 

Bit 6 When set to a one by the adapter, this bit indicates other bits in the register are 
valid. It is automatically reset by reading the 8 low order bits of this register, and all 
other bits are no longer valid until it is set once again by the adapter. An 8-bit read 
operation of the low order byte (address OD5F/095F) or any 16 bit read operation 
will not clear this bit, and will not clear the interrupts. 
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Bit 5 

Bits 4-0 

Command Register 

1 = Status register bits 15-8 contain the SCSI command status 
o = Other completion status codes. See "Status Code Table" on page 31. 

Command tag number originally passed by host with the command block. (Tag hex 
, 1 F' = unexpected condition, nonhost initiated operation.) See "Status Code 
Table" on page 31. 

The command register alerts the adapter that the parameter stack has been filled. It contains the 
operation code and other parameters defined below. A 16 bit write operation to this register sets 
the busy bit in the status register, and the host should not send another command block until 
the adapter empties the stack. 

Note: Eight bit write operations to OD5Ej095E should not be done by the host, unpredictable 
results may occur if this is attempted. 

Bits 15-12 These bits contain the adapter operation code for the command to be performed. 
See "Commands" on page 8 for a description of the operation codes. 

Bits 11-8 Number of bytes of parameters in the SCSI command Block. (Used for the 'Send 
SCSI Command' operation only.) 

Bits 7-5 Reserved 

Bits 4-0 These bits assign an SCSI command tag number to the SCSI command block 
currently in the parameter stack. For op codes 0 and 1, only tags X'OO' through 
X'OF' are allowed. Other op codes can also use tag X' 10'. These bits are returned by 
the adapter in the status register upon SCSI command completion. (See the status 
register error code definitions in "Completion Status Codes" on page 27.) 

Auxiliary Register 
The auxiliary register contains additional status information which is sent to the host after 
certain adapter operations. The contents are defined in the command definitions. 

DMA Mode Register 
The DMA mode register defines the burst length used by the adapter hardware during DMA 
data transfers. It should be set up at initialization time. 

Bit 7 Should be set to O. 

Bits 6-4 Reserved 
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Bits 3-1 The DMA burst size is encoded as follows: 

Configuration 
Bits 3-1 
000 
001 
010 
011 
100 
101 
110 
111 

Bit 0 Must be set to 1. 

DMA Burst Length 

4 bytes 
8 bytes 
16 bytes 
32 bytes 
64 bytes 
128 bytes 
256 bytes 
512 bytes 

For normal AIX/RT PC system operation it is recommended that the DMA burst 
length not be set to more than 8 bytes. 

Status Extension Register 
This status extension register contains additional status which the adapter can communicate to 
the host. Details can be found in "Completion Status Codes" on page 27. 

Parameter Stack 
This parameter stack is a 16-byte stack used by the host to pass SCSI commands and other 
information to the adapter. It must never be written into by the host without first checking the 
busy bit of the status register. It must only be written by a 16-bit output operations. 

The parameter stack must be loaded by 16-bit write operations as follows: 

16-Bit I/O Operation I/O Instruction Bits 15-8 I/O Instruction Bits 7-0 
1 Stack byte 0 Stack byte 1 
2 Stack byte 2 Stack byte 3 

Notice that when performing 16-bit I/O operations on the RT PC, a byte swap occurs between 
the processor channel and the I/O instruction. 
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Configuration Register 
The configuration register sets up adapter parameters to be used during its operation. This 
register can only be addressed by 16 bit I/O operations. Bits 7-0 are read only. 

Bits 15-13 DMA channel select bits are encoded as follows: 

Bit 12 

Bit 11 

Bit 10 

Bit 9 

Bit 8 

Bits 7-4 

Bits 3-0 

6 SCSI Adapter 

Bit 15 Bit 14 Bit 13 Channel 

0 0 0 0 

0 0 1 1 

0 1 0 -

0 1 1 3 

1 0 0 -

1 0 1 5 

1 1 0 6 

1 1 1 7 

Note: Notice that DMA channels 2 and 4 will not be enabled even if selected. 

DMA Enable. No DMA requests are issued to the system until this bit is set. 

Reserved 

Reserved 

Interrupt Enable 

Interrupt Level 

o = Interrupt level 11 
1 = Interrupt level 12 

Reserved 

Read Only bits used for E.C. level of the adapter board. The initial level is E. C. 
level 15. Note that this is not the same as the firmware ROM (read only memory) 
E.C. level. Subsequent levels are sequentially numbered from zero. 
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Command Interface 

Command Protocol 

Whenever the adapter is not busy, the host may issue a new op code. To do so, the host fills the 
parameter stack. The host then loads the operation code and other information into the 
command register and is free to continue other processes. Another command may be sent as 
soon as the host detects that bit 7 in the status register has been cleared. All command transfers 
are accomplished with programmed I/O operations. 

After the host has loaded the command register, the adapter empties the stack and command 
register, and clears the status register busy bit. The adapter can then accept another command 
from the host. The maximum number of unfinished commands which the adapter can store is 
16. If the host attempts to send another command when the adapter already has 16 unfinished 
commands stored, it will not clear busy until it finishes one of its stored commands. This 
method of command transfer allows the host to issue new commands to the adapter while the 
adapter is transferring data or processing other host commands. It also allows the adapter to 
prevent the host from overloading it with too many commands when the SCSI bus and bus 
devices are busy processing multiple commands. If all 16 commands have been sent and the 
SCSI bus is hung with an error condition, diagnostic commands and the Clear Tag command 
can be sent by using tag X'10'. This clears the SCSI bus and allows recovery operations to 
proceed. 

If the adapter command requires use of the SCSI bus, the adapter arbitrates for bus use and 
sends the SCSI command block which it received from the host via the command stack. It will 
process all routine SCSI messages which may be required for command completion without host 
involvement. (This includes responding to SCSI device requests, disconnections due to data 
accesses, storing buffer pointers, and obtaining the SCSI completion status byte.) When the SCSI 
device has completed the command and sent its status byte to the adapter, the adapter will: 

• Fill bits 8-15 of the status register with the SCSI device status 

• Fill the low order status byte with the command tag 

• Set the SCSI completion bit and system interrupt bit, and interrupt the host. 

If the command requires a DMA operation to host memory, the adapter sets up the DMA 
hardware and transfers the requested data from its buffer to host memory or vice versa. It then 
fills the status register and interrupts the host. 

After the command completion interrupt to the host, the host performs a 16-bit read operation 
from the status register. A subsequent 8-bit read operation to the status register (address 
OD5E/095E) high order byte is then required. This operation resets the interrupt bus signal and 
allows subsequent interrupts to occur. 
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Commands 
The parameter stack contents and register contents for each adapter operation code are defined 
below. The valid operation codes are as follows: 

Op Code 0 Send SCSI Command 

Op Code 1 

Op Code 2 

Op Code 3 

Op Code 4 

Op Code 5 

Op Code 6 

Op Code 7 

Op Code 8 

Op code 9 

Op Codes 10-15 

8 SCSI Adapter 

Read/Write Buffer RAM Commands 

Reserved 

Reserved 

Diagnose - run Basic Assurance Tests (BATs) 

Diagnose - run Wraps 

Clear tag 

Continue SCSI data transfer 

Miscellaneous adapter information 

Reset SCSI bus 

Reserved 
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Send SCSI Command (Op code 0) 

Byte 

0 

1 

2 

3 

4 

5 

6 
7 
8 

9 

10 
11 
12 

13 

14 

15 

This command alerts the adapter that an SCSI command block and associated parameters are in 
the parameter stack, and that the command should be sent as soon as the bus is free. 

Bit 7 I Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 I Bit 1 I Bit 0 

Reserved StopXfr DataXfr Dir'n SCSIID 

Buffer Number 

Reserved 

Interrupt Granularity 

LUN 

Figure 2. Stack Usage for Send SCSI Command 
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Stack Contents 
Byte 0 

Byte 1 

Byte 2 

Byte 3 

10 SCSI Adapter 

Bits 0-2 

Bit 3 

Encoded SCSI ID of the target SCSI device. 

The data transfer direction during the SCSI data phase. This bit must 
match the data transfer direction of the SCSI command. 

o 
1 

Data output to SCSI bus 
Data input from SCSI bus 

Bit 4 SCSI data transfer control bit. A 1 indicates that there is a data transfer 
for this command and bytes 1 and 3 of the stack are valid. 

Bit 5 Stop data transfer. This bit forces the adapter to use the asynchronous 
data mode during SCSI data transfers, and to inhibit SCSI data transfers 
within 512 bytes after each intermediate interrupt (See byte 3) until a 
'Continue SCSI Data Transfer' command is issued. 

Bits 6, 7 Reserved. 

The starting buffer block number to read from or write to. The 64 K-byte data 
buffer on the adapter is divided into one hundred twenty eight 512-byte sections. 
The host must indicate which of these 128 buffers to use during the data phase of 
the SCSI command by inserting a starting buffer number from 0 to 127 in byte 1 of 
the stack. The number of bytes in the length parameter of the SCSI command block 
divided by 512 bytes is the number of buffer blocks which will be used by the 
command. If this number plus the buffer start location (byte 1) is greater than 127, 
then after buffer number 127 is used, buffer zero is accessed and a wrap around of 
the buffer occurs. 

Reserved 

This byte is the interrupt granularity. A zero in this byte position causes the adapter 
to issue a single command completion interrupt upon SCSI command completion 
(that is, after all the data from the SCSI device is in the buffer upon completion of a 
SCSI read command or after all the data has been sent to the device during a SCSI 
write command.) Notice, however, that if the SCSI command returned an error 
status, the read data may not be valid or the data to be written may not have been 
correctly received by the SCSI device. 

A nonzero number in this byte position causes the adapter to issue intermediate 
interrupts during the data transfers to or from the SCSI bus. The period at which 
these intermediate interrupts are issued is every (512*interrupt granularity) bytes 
since the last reconnection. (See note below.) If (512*interrupt granularity) is greater 
than the length parameter of the SCSI command block, no intermediate interrupts 
are issued. See "Status Code Table" on page 31 for the contents of the status and 
other registers after an intermediate interrupt. 
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Note: Since intermediate interrupts are issued after each (512*interrupt granularity) 
bytes have been transferred since the last reconnection, SCSI devices which 
disconnect on other than 512 byte boundaries may not always receive granularity 
interrupts on exact buffer boundaries. 

Bytes 4-15 For six, ten and twelve byte SCSI commands, the SCSI command descriptor block 
is placed in bytes 4-9,4-13, and 4-15 respectively. The unused bytes for the shorter 
commands need not be written to. 

Command Register 

The only field in the SCSI command block that the adapter uses is the logical unit 
(LUN) field. The remaining fields contain information for the target device only. 
Linked commands must not be used with this adapter. This requires bits ° and 1 of 
the last SCSI command parameter byte to be zero. Once a command to a given 
LUN of a SCSI device has been issued, the next command to that LUN should not 
be issued until the previous command completes. 

See "Command Register" on page 4 for definition. 

Status Register 
If bit 5 is set to ai, the SCSI command completed and the high byte of the status register 
contains the SCSI status byte returned by the SCSI device. If bit 5 is a 0, the SCSI command 
was not executed successfully and the high byte contains an error code instead of the SCSI 
status. The error codes are defined in "Completion Status Codes" on page 27. 

Status Extension Register 
If the status register contains error completion codes 41, 42, or 44, then this register contains the 
SCSI status byte. See "Status Code Table" on page 31. Otherwise, this register contains the 
ending buffer pointer value. This value is the next buffer address to be accessed and can be 
adjusted to determine the Last Address (LA) of data transferred as follows: 

LA S - 1 (read operation) 

LA S - 3 (write operation) 

Notes: 

1. S = Status extension register contents 

2. Each buffer address contains 2 bytes. 
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Read/Write Adapter Data Buffer (Op code 1) 

This command transfers a specified number of 512-byte data buffers to or from host memory. 
Data transfers are done by DMA operations. A single interrupt is issued by the adapter after all 
DMA data transfers have been completed. 

Byte Bit 7 I Bit 6 I Bit 5 I Bit 4 Bit 3 Bit 2 Bit 1 I Bit 0 

0 Reserved Dir'n ByteXfr Reserved 

1 Reserved (Residual DMA Address) 

2 DMA Address - High Byte 

3 D MA Address - Middle Byte 

4 DMA Address - Low Byte 

5 Buffer Number 

6 Block Count/Byte Count 

Figure 3. Stack Usage for Read/Write Adapter Data Buffer Command 

Stack Contents 
Byte 0 

Byte 1 

12 SCSI Adapter 

Bits 0-1 Reserved 

Bit 2 Indicates if this transfer is in blocks or bytes. 

o Block transfer, stack byte six contains block count 
1 Byte transfer, stack byte six contains byte count 

Bit 3 The data transfer direction during the DMA for this command. 

o Write adapter buffer 
1 Read adapter buffer 

Bits 4-7 Reserved 

Residual DMA address. This byte is reserved to allow the system to load the full 
32-bit address it has for the DMA address so there is no need to parse it out. This 
byte is always ignored by the adapter. 



Byte 2 

Byte 3 

Byte 4 

Byte 5 

Byte 6 

Command Register 
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Host DMA data address, high byte divided by 2. 

Host DMA data address, middle byte divided by 2. 

Host DMA data address, low byte divided by 2. 

Starting Buffer Number. 

If bit 2 of byte zero is aI, this field contains the number of transfer bytes divided 
by 2. If bit 2 of byte zero is a 0, this field contains the number of 512-byte blocks to 
transfer minus one. 

See "Command Register" on page 4 for definition. 

Status Register 
See "Status Register" on page 3 for definition. 

Perform Basic Assurance Tests - BATs (Op code 4) 

This command causes the adapter to reset the SCSI bus and run tests on adapter registers and 
memory, including RAM. This command is an immediate command so it is executed as soon 
as the adapter receives it. During execution, the buffer and registers are cleared, therefore the 
host should make sure that no other, commands are in progress before this operation code is 
used. 

During command execution, more than one test is performed. If any test fails, a status other 
than X'OF' is reported. If status is read again, a X'OF' is reported to indicate BATs have 
completed. If no errors are detected only the X'OF' status is reported and normal operation can 
begin. 

Stack Contents 
Reserved 

Command Register 
See "Command Register" on page 4 for definition. Tag bits are ignored for BATs; the tag field 
is loaded with a X' 1 F' value. 
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Auxiliary Register 
If BATs completed successfully, then this register and the status extension register contain zeros, 
otherwise each register is reserved. 

Status Register 
Bits 15-8 If these bits contain the code X'OF', then all tests have been executed. Otherwise 

error status needs to be read. (See "Status Code Table" on page 31). 

Bits 7-0 See status register definition. (Bit 7 is set to a one until command completion.) 

Status Extension Register 
See auxiliary register above. 

Perform Wrap Tests - Wraps (Op code 5) 

This command starts a wrap test which tests the SCSI bus line drivers, receivers, and enable 
logic. The external SCSI cable should be removed or all SCSI devices which are attached to the 
SCSI bus must be turned off before attempting a wrap test. This command is an immediate 
command so it is executed as soon as the adapter receives it. During execution, the buffer and 
registers are cleared, therefore the host should make sure that no other commands are in 
progress before this operation code is used. 

Stack Contents 
Reserved 

Command Register 
See command register definition. 

Auxiliary Register 
If the WRAPS completed successfully, then this register and the status extension register contain 
a zero, otherwise each register may be nonzero. 
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Status Register 
If the high byte of the status register (address OD5E or 095E) contains a zero completion code 
then the WRAPS completed successfully. Otherwise, if the failing wrap number in bits 8 
through 12 in the high byte is a nine, then check the fuse on the board. If the failing wrap 
number is other than zero, check the cables. See "Completion Status Codes" on page 27. 

Status Extension Register 
See auxiliary register above. 

Clear Tag (Op code 6) 

This command clears a tag for an adapter command. If the tag was for a SCSI command and 
the adapter is connected to the LUN referenced by the SCSI command, the SCSI Reset line is 
pulsed. (See "Reset Condition" on page 34.) 

Stack Contents 
Byte 0 

Command Register 

Bits 7-5 Reserved 

Bits 4-0 Tag number to be cleared. 

See "Command Register" on page 4 for definition. 

Status Register 
See "Status Register" on page 3 for definition. 
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Continue SCSI Data Transfer (Op code 7) 

This command is used in conjunction with the 'Send SCSI Command' operation to allow SCSI 
data transfer operations to continue after they have been inhibited after an intermediate 
interrupt. See the Send SCSI Command description for the method of specifying intermediate 
interrupts and inhibiting SCSI transfers after them. The tag used for this operation must be the 
same as the tag for the 'Send SCSI Command' operation which is being resumed. No interrupts 
or completion status is returned to the host. 

Stack Contents 
Reserved 

Command Register 
See "Command Register" on page 4 for definition. 

Status Register 
Reserved 

Miscellaneous Adapter Information (Op code 8) 

This command is used to get certain available information about the adapter that may be 
needed for diagnostics or configuration purposes. Currently the only byte defined is a ROM 
E.C. level and version numbers. See the register definitions below. This command is an 
immediate command and is executed as soon as the adapter receives it. 

Stack Contents 
Reserved 

Command Register 
See "Command Register" on page 4 for definition. 

Status Register 
If the high byte of the status register contains a zero completion code, then the status extension 
registers and auxiliary registers contain valid information. 
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Status Extension Register 
This high byte of the status extension register (address OD58 or 0958) contains the ROM E.C. 
version number. The low byte contains the ROM E.C. level number. The ROM level is a 
subdivision of the ROM version. Each time the version number is changed, the level numbers 
restart at zero. 

Auxiliary Register 
Reserved 

Reset SCSI Bus (Op code 9) 

This command causes the adapter to pulse the SCSI reset line. All outstanding commands are 
cleared. 

Stack Contents 
Reserved 

Command Register 
See "Command Register" on page 4 for definition. The tag bits are ignored. 

Status Register 
Bits 15-8 = X'83' (See "Status Code Table" on page 31). 

Bits 7-0 = X'lF' 

Status Extension Register 
Reserved 

Auxiliary Register 
Reserved 
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Command Staging and Buffer Data Pointer Storage 

Two command storage capabilities are provided by the adapter: 

• U nsent SCSI command storage 

• Data pointer storage for commands in process. 

Unsent SCSI Command Staging 

After receiving any SCSI command from the host, the adapter immediately attempts to arbitrate 
for the SCSI bus and send the command to the addressed device. If the bus is not free it stores 
the command, clears the status register busy bit and continues trying to obtain the SCSI bus and 
send the command. If the host sends another SCSI command to a different device before the 
adapter has sent the first command to the first SCSI device, the adapter will accept the 
command and again clear the status register busy bit. If the SCSI bus is very busy and the 
adapter has accepted 16 commands without executing any of them, it will not clear the busy bit 
until it has sent the first command. This storage capability allows the adapter to hold off the 
host during periods of intense SCSI bus activity and to issue new commands once it becomes 
free. U nsent SCSI commands are sent according to an algorithm which gives priority to 
commands with low tag numbers. 

Because the time required for the adapter to establish an SCSI connection and send a command 
is unknown, the busy bit is set for an indeterminate length of time in the case where 16 unsent 
commands have been stored. 
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Tag Management and Execution Order 

This section describes the algorithm used for the execution order of SCSI and buffer commands 
(op codes 0 and 1). These commands are not executed in FIFO order. SCSI command tags and 
buffer command tags are handled separately but use the same algorithm. All other op codes are 
immediate op codes and are executed as they are received by the adapter. For this description, 
op code 1 (buffer commands) will be used in the examples. 

The host supplies a unique tag for each command issued to the adapter. Several buffer 
commands (and SCSI commands) can be issued before status is received by the host. All of the 
outstanding commands can be in various stages of execution and the firmware must maintain 
the progress of each one. This is done in an array indexed by the tag number. Each element of 
the tagged array has a state field which describes the execution state for the command with that 
tag number. 

When a read/write buffer op code is received into the tagged array, the array is searched and if 
no other buffer op codes are present, this state field is set to executing and the command 
execution is begun. If a buffer command is already being processed, then this one is labelled as 
the next to execute. If there already is a next then it is labelled as ready. As soon as the 
executing command is complete, the command whose tag state is next is executed and the 
whole array is searched from low to high tag. The first tag found whose state is ready becomes 
the next command to execute. 

This algorithm allows a high priority command to be executed before a command that was sent 
previously if that is desired. This is accomplished by placing a command at a lower tag number 
than all of the other outstanding commands. 
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Example of Execution Order Algorithm 

The host sends four buffer commands to the adapter as fast as it can. Each command goes to 
successive tag numbers. Assuming no other buffer commands are outstanding, when the adapter 
receives the first one it will set its state to executing and begin running it. When the adapter 
receives the second one, the state is set to next since only one other buffer command is present. 
The next two commands will receive states of ready. Tag example 1 illustrates the result of 
receiving these four commands. 

Tag Command State 

0 - - - - -
1 - - - - -
2 - - - - -
3 Buffer A Executing 

4 Buffer B Next 

5 Buffer C Ready 

6 Buffer D Ready 

7 - - - - -
8 - - - - -
9 - - - - -
10 - - - - -
11 - - - - -
12 - - - - -
13 - - - - -
14 - - - - -
15 - - - - -

Figure 4. Tag Example 1 
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When the first command is completed, status is returned to the host and this tag is now free to 
use again. The tag found whose state is next will be changed to executing. The array will be 
searched from tag 0 to the end until a tag is found whose state is ready. This tag state will be 
changed to next. Tag example 2 shows this result. 

Tag Command State 

0 - - - - -
1 - - - - -
2 - - - - -
3 - - - - -
4 Buffer B Executing 

5 Buffer C Next 

6 Buffer D Ready 

7 - - - - -
8 - - - - -
9 - - - - -
10 - - - - -
11 - - - - -
12 - - - - -
13 - - - - -
14 - - - - -
15 - - - - -

Figure 5. Tag Example 2 
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If two more buffer commands are added, one to tag 1 and one to tag 9, their states will be ready 
as before because tags already exist with states of executing and next. The implied priority of the 
algorithm now shows its effect when tag 4, the executing tag, is completed. As before, the tag 
whose state is next begins executing. When the array is searched for the first ready tag, it is tag 1 
that is labelled as next and not tag 6. These results are shown in tag example 3. 

Tag Command State 

0 - - - - -
1 Buffer E Next 

2 - - - - -
3 - - - - -
4 - - - - -
5 Buffer C Executing 

6 Buffer D Ready 

7 - - - - -
8 - - - - -
9 Buffer F Ready 

10 - - - - -
11 - - - - -
12 - - - - -
13 - - - - -
14 - - - - -
15 - - - - -

Figure 6. Tag Example 3 

Notice that the command at the highest used tag will not be executed until the one previous to 
it changes state from next to executing and no other tags containing buffer commands are in 
ready state. This means that in order to execute the highest tag used, no more than three buffer 
commands can be outstanding. The host should not send another command until status is 
received from one of the three outstanding commands. 
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During normal operation, both SCSI commands and buffer commands may be intermixed in 
the array as in tag example 4, or the host may decide to use the first half of the tags for buffer 
commands and the second half for SCSI commands. In either case, the algorithm is applied 
separately to each of the two command types. Again, other op codes cause a tag to be busy 
while the command is being executed but the execution algorithm is not used on them. 

Tag Command State 

0 - - - - -
1 - - - - -
2 SCSI Ready 

3 Buffer A Executing 

4 SCSI D Ready 

5 - - - - -
6 - - - - -

7 Buffer E Ready 

8 Buffer B Next 

9 Buffer C Ready 

10 - - - - -
11 SCSI A Executing 

12 SCSI B Next 

13 Buffer D Ready 

14 Buffer F Ready 

15 - - - - -

Figure 7. Tag Example 4 
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SCSI Command Linking 

SCSI command linking is not supported. This requires bits 0 and 1 of the last byte of all SCSI 
command blocks to be zero. 

SCSI Commands in Process 

The adapter can store up to 16 sets of DMA pointers and associated intermediate status for 
SCSI LUN's which have disconnected for command processing. (Each pointer is associated with 
a unique command tag X'O' - X'F'.) A command reject is returned if the tag is outside the 
range X'O' - X'F'. 

Data Buffer Management 

Read 

The adapter data buffer consists of 64K-bytes of RAM divided into one hundred twenty eight 
512-byte buffers. As described in the 'Send SCSI Command' definition, the host specifies which 
buffers to use during the data phase of each SCSI command. When the host wishes to transfer 
the SCSI data to or from its memory, it then can issue a Read/Write Buffer command to 
initiate the desired data transfer. In order to utilize the data buffer's dual port capability during 
data read operations, the host can issue a SCSI command which will result in a data phase, and 
immediately issue a Read/Write Buffer command to transfer the data to or from its memory. 
The following typical sequences of operations that the host would follow are: 

The host first issues a Send SCSI command operation which calls for a read operation of 
8K-bytes to adapter memory from the SCSI device. An interrupt granularity of 2K-bytes is 
specified. The adapter then sends the SCSI command to the SCSI device and begins transferring 
data into the adapter buffer as soon as the SCSI device begins its data transfer. As soon as 
2K-bytes are transferred, the adapter issues an intermediate interrupt to the host. The host then 
issues a Read Adapter Buffer operation to read the first 2K-bytes of data into host memory. As 
the first 2K-bytes of data is being transferred to the host, the SCSI device may finish sending the 
second 2K-bytes of data to the adapter buffer, and the adapter may issue another intermediate 
interrupt to the host. As long as the host has received more intermediate interrupts than it has 
given 2K-byte Read Adapter Buffer commands, it continues to issue Read Buffer Commands 
until all 8K-bytes of SCSI data has been transferred. Notice that unless the SCSI device 
terminates the Read command immediately upon the occurrence of a hard error, the integrity of 
the data received cannot be guaranteed until the total 8K-byte command completes. Also notice 
that the actual number of data bytes transferred for any command is under control of the target. 
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The host adapter first issues enough Write Adapter Buffer commands to fill the adapter buffer 
with 4K-bytes of data. The adapter then issues a Send SCSI Command operation to transfer the 
4K-bytes of data from the adapter memory that it just wrote. As the SCSI device transfers these 
4K-bytes, the adapter can begin transferring another block to be written to that SCSI device so 
that when the device finishes writing the 4K-bytes, another Send SCSI Command operation can 
be issued to the SCSI device. Notice that unless the SCSI device terminates the Write command 
immediately upon the occurrence of a hard error, the successful storage by the SCSI device of 
the adapter buffer data cannot be guaranteed until the SCSI command completes. Also notice 
that the actual number of data bytes transferred for any command is under control of the target. 

The data buffer may contain both read and write data simultaneously and it can simultaneously 
read from the SCSI bus into the buffer and read from host memory into the buffer. Likewise, it 
can simultaneously write to the SCSI bus and write to host memory. Therefore, if a write data 
buffer command is received during the time the adapter is connected to an SCSI device in a 
data-in phase, the Write Data Buffer command will not be delayed until the data-in phase is 
completed. Likewise, if a read data buffer command is received during the time when the 
adapter is connected to an SCSI device is in a data-out phase, the Read Data Buffer command 
will not be delayed until the data-out phase is completed. 

SCSI commands involving data phase block lengths of larger than 64K-bytes should not be sent 
unless the complete 64K-byte buffer is used. In this case, the adapter will use the complete 
buffer as a wraparound buffer. There are two options for handling this type of data transfer. The 
first is where the host is responsible for ensuring that buffer overruns do not occur. The host 
does this by choosing an interrupt granularity of sufficient size and responding to intermediate 
data interrupts with Read/Write Buffer commands such that buffer overruns do not occur. 
When this option is chosen, the timing for interrupts and commands may result in data loss. 

The second option requires that the host set bit 5 in the first byte of the stack during the Send 
SCSI command operation and to load the interrupt granularity field with an appropriate value. 
(Larger values of interrupt granularity will result in better performance.) The adapter forces the 
data transfer to be asynchronous and will stop the data transfer after the requested interrupt 
granularity. This option ensures against underruns and overruns, but the SCSI bus will be hung 
after intermediate interrupts until a Continue SCSI Data Transfer command is received. For 
details about this option, see "Send SCSI Command (Op code 0)" on page 9. 
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Odd Byte Data Transfers 

All DMA transfers begin and end on even byte boundaries, and the SCSI transfer lengths will 
always be an even number of bytes. SCSI devices which return an odd number of bytes at 
command completion cause the adapter to insert a dummy byte into host memory to provide 
the even number of bytes for the DMA transfer. Any time a disconnect message is received by 
the adapter and an odd number of data bytes have been transferred for that command, error 
code X'45' is flagged. Therefore, SCSI devices which disconnect before giving the command 
complete message and which later reconnect to complete the command must disconnect on even 
byte boundaries. 
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Completion Status Codes 

This section describes the completion codes returned to the host when errors occur and for 
normal completion. The completion code itself is returned in the high byte of the status register 
at address OD5E or 095E. Based on the value of the code, other status registers may contain 
valid information. Details of these codes are defined below and summarized in "Status Code 
Table" on page 31. 

Adapter Ready Status 

Code (Hex) 

OF 
Description 

This code indicates that the adapter is ready to initialize and begin running 
after a hardware reset or after BATs (op code 4) is run. In both cases basic 
assurance tests (BATs) have been run and other errorstatus may have been 
already returned to the host. See "Perform Basic Assurance Tests - BATs (Op 
Code 4)" on page 13 and "Reset Condition" on page 34 for more information. 

Adapter Detected Fault Condition 
Code (Hex) 

81 

82 

83 

84 

Description 

The firmware has detected a differential sense fault. This could be due to a 
single-ended device or wrong cable inadvertently attached to the SCSI 
connector on the adapter. After this status is read by the host, firmware will 
abort all current operations, reset the SCSI bus, and reset the adapter by 
branching to BATs. 

The firmware has detected bad terminator power. This could be due to a 
blown fuse or cable termination. After this status is read by the host, firmware 
will abort all current operations, reset the SCSI bus, and reset the board by 
branching to BATs. 

The firmware has detected that the SCSI bus has been reset. The firmware has 
aborted all SCSI commands in progress and cleared the tagged array of any 
outstanding commands. Read/write buffer commands as well as all other op 
codes will not be affected. 

This code is returned when a firmware timer has expired indicating a code 
hang or timeout situation. This may be due to a SCSI bus error or timing 
problem. 
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88 This status will be returned as a result of a firmware wild branch condition. In 
other words, if the firmware can detect that an area of the ROM is being 
executed that has no defined code in it, this status code will be returned. The 
status extension register will contain the address at which the wild branch was 
discovered. This error should not occur unless something has gone wrong, and 
BATs should be run to determine the error. 

Normal Completion Response 
Code (Hex) 

00 

XX (SCSI) 

Description 

A zero code is the status received when op codes 5, 6, 7, and 8 have 
completed without errors. (Notice that at this time for op code 8 only, the 
status extension register contains additional information.) 

If bit 5 in the low byte of the status register is a one, then the completion code 
is the actual status byte received from the target device on the SCSI bus. See 
"Status Code Table" on page 31 for details of this byte. 

Abnormal Completion Response 

• Command Rejected 

Code (Hex) Description 

21 The command tag requested in the command register is already being used by 
a previous command. Either change the tag and issue the command again or 
clear the tag using op code 6 and then reissue the command. 

22 

23 

24 

25 

27 
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The tag requested in the command register is not in the '0' to 'F' valid range 
for op codes 0 or 1 and not in the '0' to '10' valid range for other op codes. 

The op code requested in the command register is a reserved number and not 
executable. 

The parameter count requested in the command register is not valid. This 
should be the byte count of the SCSI command block and can only be 6, 10 
or 12. This field is only used for op code O. 

The SCSI id in the stack parameters is invalid. The id cannot be the same as 
this adapter, which is 7. All other values for this field (0 to 6) are accepted. 

The buffer number or block count information in the stack parameters is too 
large for the buffer RAM size on the adapter. 
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• Command Execution Fault 

Code (Hex) 

41 

42 

43 

44 

45 

46 

47 

48 

Description 

The SCSI device tried to restore the data pointers to an area of the buffer that 
may already be used for another command. The firmware will have rejected 
the restore data pointers message and the target will come back with non zero 
status. The host should reissue the command. This code is returned at the 
command completion interrupt. The SCSI command completion status byte is 
placed in the status extension register high byte. The status extension register 
low byte contains pthe hex value 20. 

The SCSI device tried to modify the data pointer to an area of the buffer that 
may already be used for another command. The firmware will have rejected 
the modify data pointers message and the target will come back with non-zero 
status. The host should reissue the command. This code is returned at the 
command completion interrupt. The SCSI command completion status byte is 
placed in the status extension register high byte. The status extension register 
low byte contains the hex value 20. 

There was a parity error on a DMA transfer. The host should reissue the 
buffer command (op code 1). 

A parity error was detected on data being read from the SCSI bus. The host 
should reissue the SCSI command (op code 0). This code is returned at the 
command completion interrupt. No grandularity interrupts are sent after the 
parity error was detected. The SCSI command completion status byte is placed 
in the status extension register high byte and the status extension register low 
byte contains the hex value 20 if good SCSI status is received. If good status is 
not received, the status extension register high byte contains hex 48. 

The SCSI device disconnected during a data transfer on an odd byte boundary. 
The firmware will abort the SCSI command and the host should try and 
reissue the command. 

A clear tag command was received for a tag that was already cleared. 

The microcode has tried unsuccessfully three times to select a target and has 
been unable to do so. 

The adapter never received a parity free status byte for the command. 
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• Informational 

Code (Hex) 

At 

Description 

The required interrupt granularity time requested has passed. This indicates to 
the host that the next block of data has been written to or read from the buffer 
and the host can reuse that block as necessary. 

The interrupt granularity requested can be small enough and the adapter busy 
enough that more than one status interrupt of this type can be pending for a 
command. To avoid having to read status twice or more for the information, 
the high byte of the status extension register will be incremented by the 
firmware to indicate the number of blocks available. 

Diagnostic op - BATs 

See "Perform Basic Assurance Tests - BATs (Op Code 4)" on page 13 for details. 

Diagnostic op - WRAPS 

See "Perform Wrap Tests - Wraps (Op code 5)" on page 14 for details. 
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Status Code Table 

Status High Status Low Status Ext 
Completion Register Meaning 
Code * Tag Usage 

0000 1111 (OF) xxO 11111 NjA Adapter ready after hardware 
reset or BATs op code completed 

100x xxxx Adapter detected fault condition 
during normal operation: 

1000 0001 (81) xx 0 1 1111 NjA SCSI differential sense error 
1000 0010 (82) xx 0 1 1111 NjA SCSI terminator power error 
1000 0011 (83) xx 0 1 1111 NjA SCSI bus reset occurred 
1000 0100 (84) xx 0 1 1111 8031 Addr Watch dog timeout 
1000 1000 (85) xx 0 1 1111 8031 Addr Firmware 'wild branch' 

Normal completion response to 
adapter op codes 

SCSI Stat xx 1 t tttt Note 5 for OP 0 
0000 0000 (00) xx 0 t tttt Note 4 for OPs 1,5,6,7,8 

Figure 8 (Part I of 2). Status Code Table 
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Status High Status Low Status Ext 
Completion Register Meaning 
Code * Tag Usage 

Abnormal completion response 

001x xxxx Command Rejected - Reason 
00 1 a 000 1 (21) xx a t tttt Command Reg Command tag in use 
0010 0010 (22) xx a t tttt Command Reg Command tag out of range 
0010 0011 (23) xx a t tttt Command Reg Invalid operation code 
0010 0100 (24) xx a t tttt Command Reg Invalid stack parameter count 
0010 0101 (25) xx a t tttt Command Reg Invalid SCSI ID 
0010 0111 (27) xx a t tttt Command Reg Bad buffer block info. 

010x xxxx Command Exec Fault - Reason 
a 100 000 1 (41) xx a t tttt SCSI status SCSI Restore Pntrs 
0100 0010 (42) xx a t tttt SCSI status SCSI Modify Data Pointer 
0100 0011 (43) xx a t tttt N/A DMA transfer parity error 
0100 0100 (44) xx a t tttt SCSI status SCSI transfer parity error 
0100 0101 (45) xx a t tttt N/A SCSI odd byte xfer 
0100 0110 (46) xx a t tttt N/A Tag already cleared 
0100 0111 (47) xx a t tttt N/A Unable to select target 
0100 1000 (48) xx a t tttt Note 5 Bad Status 

001x xxxx Informational - Reason 
10 10 0001 (AI) xx a t tttt # of ints Intermediate xfer interrupt 

lIOn nnnn xxO 11111 Note 3 Diagnostic Op - BATs failed 
Illn nnnn xx a t tttt Note 3 Diagnostic Op - Wraps failed 

Figure 8 (Part 2 of 2). Status Code Table 

Notes: 

1. t = tag number used; n = failing BAT or WRAP number 

2. * 1 = SCSI status from target 

3. See BATs/WRAPs sections for details. 

4. See "Miscellaneous Adapter Information (Op code 8)" on page 16 for details; N/A for all 
other op codes. 

5. Buffer address (See "Send SCSI Command (Op code 0)" on page 9 for details). 
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SCSI Implementation 

The following table summarizes. the SCSI design point chosen. 

Data Rate 

Data Protocol 

SCSI Bus Phases 

SCSI Bus Priority 

SCSI Device Type 

Electrical Interface 

3.6 M Bytes/sec (maximum-synchronous) 

Synchronous or Asynchronous 

Arbitration, Selection, Command, Message, Data, Status, Reselection 

Seven (fixed at highest level) 

Initiator Only 

Differential Mode signals 

Internal Terminator Network 

Terminator Power Supplied and Fused (1 Amp.) 

Shielded connector 

Parity required of all devices on bus 

Cable Length 25 meters (maximum) 

SCSI Command Sets Groups 0 through 7 

Note: Only one host adapter of the type described in this specification may be present on the 
SCSI bus at a time. Other initiators with lower priorities may be connected but may not directly 
communicate with this adapter; this adapter does not function as a target. 
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The following sections outline more specifically how this adapter has implemented the 
requirements of the American National Standards Institute (ANSI) standard. 

Reset Condition 

Incoming Reset Pulses 
Whenever the RST line is pulsed, all adapter commands are cleared. Any device 
(such as a device which has implemented the soft reset option) which reselects the 
adapter to continue a command after the RST pulse will be issued a Bus Device 
(BDR) Message. See "Bus Device Reset (BDR) Message (Reset Procedure)" on 
page 38. 

Note: The first device attempting a reselection after a reset may be unable to 
reconnect on its first reselection attempt. 

Outgoing Reset Pulses 

SCSI A TN Line 

The host can direct the adapter to issue a pulse on the RST line by issuing a 
Perform BATs operation (Op code 4). The RST line may also be pulsed during a 
'Clear Tag' command. The adapter will also issue a pulse on the RST line after an 
unsuccessful attempt to send a Message Parity Error (MPE) or BDR message. A 
reset pulse is also generated if any device takes longer than 65 milliseconds to 
complete any non-data phase. 

The adapter raises the ATN line whenever it has a message for the target. The target mayor 
may not respond with the message out (MO) phase. If a parity error occurs during any message 
in (MI) phase, the ATN line is asserted and a MO phase must occur in response to the ATN 
signal or a reset pulse will occur. (In this case, the A TN line is asserted prior to the release of 
ACK during the REQ/ ACK handshake of the message byte in error.) For erroneous multibyte 
messages ATN is asserted prior to the release of ACK for the last REQ/ ACK handshake of the 
message. 

Once an MO phase is begun, the target must stay in the MO phase until the ATN line has been 
released by the adapter unless an error occurs. The ATN line will be released while REQ is 
active and ACK is inactive during the last REQ/ ACK handshake of the MO phase. 
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Message Phase Implementation 

The table below summarizes the messages implemented by this adapter. 

Message Direction 

Command Complete (CC) In 

Save Data Pointer (SDP) In 

Restore Pointers (RP) In 

Disconnect (DSC) In 

Initiator Detected Error (IDE) Out 

Message Reject (MR) In Out 

No Operation (NOP) Out 

Message Parity Error (MPE) Out 

Bus Device Reset (BDR) Out 

Identify (lDF) In Out 

Extended Messages: 

Synchronous Data Transfer In Out 

All other messages will be rejected. SCSI devices that take more than 65 milliseconds to 
complete any non-data phase are not supported. 

Command Complete Message 

This message must be received by the adapter to successfully complete a command. 
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Save Data Pointer 

This message is always accepted and the saved buffer location is stored. 

Itestore Pointer 

If a nonzero granularity interrupt value was specified when the Send SCSI command was issued 
by the host, then the restore pointers message is accepted only if the current pointers equal the 
saved pointers, such as after a reconnection to continue a command. Otherwise it is rejected. If 
zero was specified for the granularity interrupt value, then the restore pointers message is 
accepted and it causes the adapter to restore the current data pointers to the location previously 
saved by the SCSI device. 

Disconnect 

This message or the command complete message should be received by the adapter between any 
phase and the bus free phase. If one of these messages is not received just before the bus free 
phase, the adapter clears all records of the command in process. Subsequent attempts to 
reconnect by the logical unit (LUN) will result in an BDR message being sent to the 
reconnecting device. 

SCSI data transfers cannot be interrupted by a disconnection after transferring an odd number 
of bytes. If an SCSI device disconnects after transferring an odd number of bytes without 
sending the command complete message, then the adapter will clear all record of the current 
command and interrupt the host to inform it of this occurrence. 

Note: Data transfers of an odd number of bytes are possible and can be interrupted by 
disconnections, but only the last block of data transferred just before command completion may 
contain an odd number of bytes. 

Initiator Detected Error (IDE) 

The adapter attempts to send this message if a parity error is detected during a status phase. It 
does this by asserting the SCSI ATN line prior to its release of ACK for the status phase. If the 
IDE message is either rejected or is not accepted and the device sends the command complete 
message before the adapter receives an error free status byte, then the host is interrupted with a 
completion code indicating bad status. Parity errors which occur during data input phases are 
reported to the host. The adapter does not send the initiator detected error message for these 
errors. 
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Message Reject 

This message is sent in response to an incoming message which is not implemented by the 
adapter. For single byte messages, the adapter raises the ATN line prior to its release of ACK for 
the message to be rejected. For extended messages, ATN is asserted prior to releasing ACK for 
the last byte of the extended message. Subsequent extended message bytes are read and ignored 
and the next bus phase must be the message out phase. This message is also sent when a restore 
pointers message is received, when the current pointers do not equal the saved pointers, and the 
interrupt granularity for the command is nonzero. In the case of incoming MR messages, no 
action is taken except in the following circumstances: 

• During the synchronous data transfer negotiations 

• After IDE, BDR, or MPE messages. 

No Operation 

Identify 

This message is sent by the adapter when the target enters a MO phase and the adapter has no 
messages to send. 

The adapter attempts to send identify messages after any selection phase. If they are accepted by 
the SCSI device, then disconnection will be enabled by setting bit 6 of the message byte to a 1. 
An incoming identify message must be received by the adapter in the first bus phase following a 
reselection by any multiple LUN target. 

Message Parity Error 

The adapter attempts to send this message when a parity error is detected during a MI phase. It 
does this by asserting the SCSI ATN line prior to its release of the ACK signal for the last byte 
of the MI phase with the error. If the next phase is not the MO phase, then the adapter will 
pulse the RST line. 

The message parity error message must be accepted (if it is rejected, the bus is reset). After it is 
received by the target, the next bus phase must be either a retry of the preceding MI phase, a 
retry of the MO phase, or the bus free phase. 
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Synchronous Data Transfer 

This message is used in negotiations for data transfer mode. Synchronous data transfers will be 
used whenever possible. 

Bus Device Reset (BDR) Message (Reset Procedure) 

The BDR message will be issued if the adapter is reselected by a LUN for which the adapter has 
no outstanding command. See incoming reset pulses under "Reset Condition" on page 34. 

If the target does not enter the MO phase when ATN is raised after the above condition or if 
the BDR message is accepted, the adapter will clear its memory of the command records to all 
LUNS of the SCSI device. The next bus phase must be the bus free phase. 

If the BDR message is rejected, a hard reset pulse is issued to the SCSI bus and the host is 
interrupted to inform it of this action. 

Bus Free Phase 

The target should not go to the bus free phase except after either sending one of the command 
complete messages or a disconnect message. 

If the target disconnects without sending one of these messages, the adapter clears all records of 
the current command. Subsequent attempts to reconnect by the LUN results in a BDR message 
being sent to that LUN. As required by the ANSI specification, the target must go to the bus 
free phase under any of the following conditions: 

• After a Bus Device Reset message was received and not rejected 

• After a pulse to the RST line. 
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Connector 

The connector signals and pin assignments are as follows: 

Signal Name + Signal Pin - Signal Pin 

SHIELDGND 1 2 
DBO 3 4 
DBI 5 6 
DB2 7 8 
DB3 9 10 
DB4 11 12 
DB5 13 14 
DB6 15 16 
DB7 17 18 
DBP 19 20 
DIFFSENS 21,62 22 
GND 23 24 
TERMPWR 25 26 
GND 27 28 
ATN 29 30 
GND 31 32 
BUSY 33 34 
ACK 35 36 
RST 37 38 
MSG 39 40 

Figure 9 (Part 1 of 2). SCSI Connector Pins 
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Signal Name + Signal Pin - Signal Pin 

SEL 41 42 

C/D 43 44 

REQ 45 46 

I/O 47 48 

GND 49 50 

Figure 9 (Part 2 of 2). SCSI Connector Pins 

Note: Pins 51 through 61 are not used. 
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Description 

The IBM RT PC Streaming Tape Drive Adapter provides a QIC-02 (Quarter Inch Cartridge) tape 
interface to the IBM RT PC System. The adapter uses programmed I/O for the 16 bit data 
transfers to and from its 512 byte sector buffer. It uses interrupt sharing on level 12 and decodes 
16 bits for the I/O address. The adapter provides all of its own clocking and does not require any 
system clocking support. 

The card design is centered around a 8042 micro controller which contains 2K of ROM, 128 bytes 
of RAM, an 8-bit timer or counter and 18 programmable I/O pins. Commands from the system are 
interpreted by the controller and output to the tape drive in accordance with the streaming tape 
interface. Prior to issuing a command, the controller will verify that the drive is ready and has no 
pending errors. The 8042 will also present status to the system as the result of a status read from 
the drive. The status bits may then be decoded to indicate various drive conditions, such as 
beginning of media, over and underruns, and file mark found. A pair of registers are available to 
the system for commands and data. 

During command execution or data transfers the system does not have access to the control 
processor registers. Two registers are available during these times to provide status information and 
allow system control functions. The read only status register provides various attachment 
indications (such as busy) and several signals directly from the tape drive interface. The control 
register allows the system to disable interrupts or parity checking and also provides reset capability 
to the attachment. 

To initiate a command the system must output to the 8042 command port, this sets input buffer full 
(IBF) in the status port. IBF resets when the 8042 reads the command. The microcode will then 
decode and execute the command. If a read command is issued, the controller sends the QIC-02 
tape read command to the drive and enables the sector buffer through the programmable logic 
sequencer (PLS). Once the drive has come up to speed and starts to read, the PLS transfers data 
into the buffer according to the handshake sequence detailed in the QIC-02 specifications. When 
the buffer is full, the PLS signals the 8042, which raises the hardware interrupt signal to the system. 
The 8042 then resets the PLS in preparation for the system data read. The system executes a 
programmed I/O move and transfers the data from the adapter to the system. A similar chain of 
events occurs during a write command, except the data moves in the opposite direction. 

A read status command starts in the same way as a read but the PLS is not required since the data 
(6 bytes) is transferred directly into the 8042 data port from the drive. In this case, when the status 
data is presented to the attachment, the 8042 forces a write to its own data port and then completes 
the handshake operation. The command then reads the data register and stores it in internal RAM. 
This is repeated until the six status bytes are read and the 8042 interrupts the system and transfers 
the stored data to the system via its data port. 

The remaining commands fit into the basic architecture described above. 
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Figure 1 on page 2 is a block diagram of the IBM R T PC Streaming Tape Drive Adapter. 
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Figure 1. Streaming Tape Adapter Block Diagram 
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System 110 Channel 

The following lines connect the IBM RT PC Streaming Tape Drive Adapter card to the I/O 
channel. 

+ SAOO-SAI5 (Input) 

System address bits 0 to 15: These lines address memory and I/O devices within the system. SAOO 
is the least significant bit (LSB) while SA15 is the most significant bit (MSB). 

+ Reset ORV (Input) 

Reset Driver: This line resets or initializes system logic upon power-up or during a low line voltage 
outage. This signal is active high. 

+ SOOO-SOI5 (Input/Output) 

Data bits 0 to 15: These lines provide data bus bits 0 to 15 for the processor, memory, and I/O 
devices. SDOO is the least significant bit. 

+ IRQ3-IRQ7,IRQ9-IRQI2, IRQ14-15 (Output) 

The IBM RT PC Streaming Tape Drive Adapter uses interrupt level 12 which is a shared interrupt 
level. All other levels are not used by the adapter. 

- lOR (Input) 

I/O Read Command: If the IBM RT PC Streaming Tape Drive Adapter card is being addressed, 
the adapter drives its data on to the data bus and holds the data on the data bus as long as lOR is 
active. This signal is active low. 
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- lOW (Input) 

I/O Write Command: If the IBM RT PC Streaming Tape Drive Adapter card is being addressed, 
the adapter reads the data on the data bus. The data is latched at the trailing edge of lOW. This 
signal is active low. 

+ AEN (Input) 

Address Enable: This line degates the processor and other devices from the I/O channel to allow 
DMA. This line must be low to decode a valid address for an I/O channel transfer. 

- IOS16 (Output) 

I/O Chip Select 16: This line is active when a 16-bit I/O transfer takes place between the adapter 
and the system. 

IBM RT PC Streaming Tape Drive Adapter Signal Line Descriptions 

Online 

Request 

'Online' is an adapter generated control that activates prior to transferring a Read or Write 
command. Deactivation terminates the Read or Write command. 

'Request' is an adapter generated control that indicates command data has been placed on the data 
bus while in command mode, or status has been taken from the data bus while in status input mode. 
The system asserts request only when the drive asserts ready or execute. 
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Parity 

'Parity' is a bidirectional line which is odd parity of the 8-bit data bus. 

Data Bus 

Reset 

'Data Bus' is the 8-bit bidirectional data bus. Bit 7 is the most significant bit. 

'Reset' causes the drive initialization to perform and sets default selection to drive o. Exception 
asserts. 

Transfer 

'Transfer' is an adapter generated control that indicates command data has been placed on the data 
bus when in write mode, or data has been taken from the data bus in read mode. 

Acknowledge 

Ready 

'Acknowledge' is a drive generated control that indicates command data has been taken from the 
data bus when in write mode, or data has been placed on the data bus in read mode. 

'Ready' is drive generated and indicates one of the following: 

Data has been taken from the data bus in command transfer mode 

Data has been placed on the data bus in the status input mode 

A Beginning of Tape (BOT), Retension, or Erase command is complete 

The drive is ready to receive the next block, a Write command, or a Write File Mark (WFM) 
command from the system when in write mode. 

The drive is ready to transmit the next block to the system or ready to receive a Read or Read 
File Mark (RFM) command when in read mode 
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The drive is ready to receive a new command. 

Exception 

'Exception' is drive generated and indicates an exception condition has occurred. The system must 
issue a Read Status command and perform a status input to determine the cause. 

Direction 

'Direction' is drive generated. When false, the adapter data bus drivers assert their data bus levels 
and the drive data bus drivers assume a high impedance state. If true, the adapter assumes the high 
impedance state and the drive asserts its bus level. 

IBM RT PC Streaming Tape Drive Adapter Signal Levels 

All signals between the adapter and the tape drive are standard TTL levels and are active low. 

IBM RT PC Streaming Tape Drive Adapter Signal Termination 

The standard signal termination is 220 ohms to 5 Vdc and 330 ohms to ground. The bidirectional 
data bus and the four control signals from the adapter terminate at the drive. The bidirectional data 
bus and the drive control signals terminate at the adapter. 

Programming Considerations 

The following information describes the I/O addresses and commands used by the IBM RT PC 
Streaming Tape Drive Adapter. 
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110 Address Assignments 

Address Read Mode Write Mode 

lE8 Sector Buffer Sector Buffer 

lEA Status Register Control Register 

lEC 8042 Data Port 8042 Data Port 

lEE Reserved 8042 Command 
Port 

6F4 Reserved Interrupt Reset 
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Status Register 

St(ltl,lS Register (Hex 1 EA) 

Bit 7 6 5 4 3 2 1 0 

I I I: Input ~uff.r full (AJ 
Output buffer full (A) 
Not used 

'-----------I~. I nterrupt (A) 

E~ 
Exce. ptlon (D) 

------------II:=~ Online (D) 
1-----------.... _ •. Ready (D) 

'-------------....... Busy (A) 

Note: D = Drive Indicator; A = Attachment Generated 

Input buffer full (IBF) When data is sent to the 8042 the IBF signal is asserted indicating that 
the command or data register was loaded. When the register is read by 
the 8042, IBF goes false. 

Output buffer full (OBF) This signals the system that the 8042 loaded its register and is ready to 
transfer the data. Once the system reads the data OBF goes false. 

Interrupt The hardware interrupt signal is replicated here. After each command 
completes and when the sector buffer service is required, the 8042 
interrupts the system. 

Exception, Online, Ready These signals are tape drive interface signals as seen by the attachment 
card. 

Busy Busy is asserted any time the 8042 has control of the internal data bus 
on the attachment card. 
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Control Register 

Control Register (Hex 1 EA) 

Bit 7 6 5 4 3 

Enable Interrupt 

- Reset Attachment 

2 1 0 

\ ~: Enable Interrupl 
-Reset attachment 

- t:nable Drive Parity Check 

-- Not used .... .. Not used ... .. Not used --Not uSed ... 
... Not used -

This interrupt enables the tri-state driver for the hardware interrupt to the 
system. 

This reset forces a hardware reset on the 8042. This causes the 8042 to 
execute its power-on diagnostics (PODs) and initiate handshake sequence 
with the system. Busy is on until the PODs are completed. 

Enable Drive Parity Check 

Commands 

If the attached tape drive supports odd parity generation and checking on 
the data bus, the attachment also operates with parity when this bit is set. 

The following is a list of commands supported by the streaming tape adapter board. The command 
port value (CPV) is written to the command port when giving the command. 
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Reset (hex 00) 
This command resets the 8042 and starts the power-on diagnostics. 

Drive Select (hex 01) 
This command selects the drive to be used. 

Rewind (hex 02) 
This command positions the tape at the beginning of tape. 

Erase (hex 03) 
This command erases the entire tape. 

Retension (hex 04) 
This command cycles the tape from beginning of tape to the end and back again. This command 
should be performed when a new tape cartridge is inserted in the drive. 

Read Status (hex 05) 
This command reads status from the tape drive and presents it to the system. 

Write Data (hex 06) 
This command writes data on the tape. 

Write File Mark (hex 07) 
This command writes file marks on the tape. 

Read Data (hex 08) 
This command reads data from the tape. 

Read File Mark (hex 09) 
This command reads file marks from the tape. 
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Skip (hex OC) 

This command is used to skip blocks of data on the tape. 

Terminate (hex OD) 

This command terminates a series of read or write commands. 

Drive Self Test 1 (hex OE) 

This command causes the drive to perform a checksum calculation on its internal memory. 

Drive Self Test 2 (hex OF) 

This command causes the drive to perform three checks: 

1. Verifies capstan speed 

2. Verifies beginning of tape, end of tape, and safe sensors 

3. Writes worst case pattern on the tape and verifies it. 

IBM RT PC Streaming Tape Drive Adapter Interface Specifications 

The IBM RT PC Streaming Tape Drive Adapter has a 37-pin, D-shell connector at the rear of the 
adapter. The following figure shows the signals and their pin assignments. 

Streaming Tape Drive Adapter 11 



Ground 1-18 

Cable Shield 19 

-Data Bit Parity 20 ... .... -- --
-Data Bit 7 (IViSB) 21 ..... , -- --

.- -Data Bit 6 22 .. - '-.. 

.- -Data Bit 5 23 ... - .. 
..... -Data Bit 4 24 .. - .. 
...III 

-Data Bit 3 25 .. - -.. 

External - -Data Bit 2 26 .. Streaming T ape 
Device -- ....... Adapter 

-- -Data Bit 1 27 .... 

-- -. 

--
-Data Bit 0 (LSB) 28 ... 

-- .. 
-Online 29 ..... -
-Request 

-"" 
30 

r-
-Reset 31 .--
-Transfer 32 -, --
-Acknowledge 33 .. 

....... 
-Ready 34 .... .. 
-Exception 

,-. 
35 ... ,... 

-Direction 36 ... 
~ ....... 

Reserved 37 

Figure 2. IBM RT PC Streaming Tape Drive Adapter Interface Specifications 
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Description 

The 40MB Fixed-Disk Drive is a direct access storage device using nonremovable 5.25-inch rigid 
disks. The drive uses a rotary voice-coil positioner that has a 40-millisecond average access time. 
The read/write heads automatically retract to a dedicated landing zone when power is turned off. 

Interfaces 

The interfaces of this drive are divided into three categories: 

• Data transfer 

• Control 

• DC power. 

The data transfer interface is a 20-pin printed circuit board (PCB) edge connector. The signals and 
pin assignments are as follows: 

Signal Name Pin 

-Drive selected 1 

+Write data 13 

-Write data 14 

+Read data 17 

-Read data 18 

Ground 2,4,6,11, 
12, 15, 16, 
19,20 

Figure 1. nata Transfer Interface 
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The control interface is a 34-pin PCB connector. Figure 2 shows the signals and pin assignments. 

Signal Name Signal Pin GndPin 

Head select 3 2 1 

Head select 2 4 3 

Write gate 6 5 

Seek complete 8 7 

Track 000 10 9 

Write fault 12 11 

Head Select 0 14 13 

- Reserved- 16 15 

Head select 1 18 17 

Index 20 19 

Ready 22 21 

Step 24 23 

Drive select 1 26 25 

Drive select 2 28 27 

Drive select 3 30 29 

Drive select 4 32 31 

Direction in 34 33 

Figure 2. Control Interface 

240MB Fixed-Disk Drive 



The dc power interface is a 4-pin female connector. The signals and pin assignments follow. 

Signal Name Pin 

+12 Volts DC 1 
+12 Volts Return 2 
+5 Volts Return 3 
+5 Volts DC 4 

I 
~ 1 2 3 4~ 

I 

Figure 3. DC Power Interface 

Input Control Signals 

The control input signals have a removable terminator that can be unplugged when multiple drives 
operate multiplexed on the same control cable. These input signals have the following 
specifications. 

• Active: 0.0 to 0.4 Vdc at 40 mAo 

• Inactive: 2.5 to 5.25 Vdc at 0 mAo 

The following are descriptions of the control input signals. 

-Write Gate 

When active, this signal allows writing of data on the disk. The inactive level allows reading of data 
from the disk, and allows the step pulse to move the heads. 
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-Head Select 0, 1, 2, and 3 

These four signals enable the selection of each read/write head in a binary-coded sequence. 'Head 
Select 0' is the least significant. Heads are numbered 0 through F. When all head select signals are 
inactive, head 0 is selected. 

-Direction In 

-Step 

This signal defines the direction the read/write heads move when 'Step' is pulsed. An inactive level 
defines the direction as out, and if a pulse is applied to '-Step', the read/write heads move away 
from the center of the disk. An active level defines the direction as in, and the read/write heads 
move toward the center of the disk. 

This signal causes the read/write heads to move in the direction defined by the '-Direction In' 
signal. Any change in 'Direction In' is made at least 100 nanoseconds before the leading edge of 
the step pulse. 

The adapter's controller may burst step pulses to the drive until the time after the last pulse exceeds 
200 microseconds or the maximum number of step pulses is received (1 for each track). The drive 
starts motion of the heads after receiving the first step pulse. Step pulses are sent to the drive every 
20 microseconds. 

Two drives multiplexed 00 the same control cable may overlap seeking. An overlapped seek occurs 
when the first drive is deselected after the final step pulse is sent. The other drive is then selected 
and the '-Step' and '-Direction In' signals are set for the operation desired. 

-Drive Select 2 

When this signal is active, it multiplexes all data transfer and control signals of the interface cables. 
Only '-Drive Select 2' should be jumpered on a drive with multiple drive select capability. 
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Output Control Signals 

An open-collector output stage, which is capable of sinking a maximum of 48 mAo at logical 0 to an 
active state with a maximum voltage of 0.4 Vdc at the driver, drives the output control signals. 
When the driver is at the inactive level, the driver's transistor is off and the collector's cutoff current 
is a maximum of 250 microamperes. 

-Seek Complete 

The '-seek complete' signal becomes active when the read/write heads settle on the final track at 
the end of a seek. Reading or writing is not attempted when' -Seek Complete' is inactive. '-Seek 
Complete' is inactive during: . 

• Seeking 

• The power-on recalibration 

• The time a drive problem makes the drive unready. 

-Track 000 

The '-track 000' signal is active when the drive's read/write heads are at the outermost track. 

-Write Fault 

-Index 

The' -write fault' signal indicates that a condition at the drive is causing improper operation of the 
disk. An active level of this signal prevents further writing and seeking until the condition is reset. 

The drive provides this output signal once each revolution to indicate the beginning of a track. This 
signal normally is inactive and goes active to indicate '-Index'. Only the change from inactive to 
active is valid (leading edge of the pulse). 
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-Ready 

When the 'Ready' and' -Seek Complete' signals are active, the drive is ready to read, write, or seek, 
and the 110 signals are valid. An inactive level of this signal prevents all writing and seeking. 

Data-Transfer Signals 

All signals associated with the transfer of data between the drive and the system are differential 
(pairs of balanced signals) and are not multiplexed. Data is transferred at a rate of 5 million bits per 
second using MFM recording. 

Two pairs of signals are used for the transfer of data: write data and read data. The following 
describes the data-transfer signals. 

Write Data 

'Write Data' is a differential pair that defines signal transitions written on the track. When' + Write 
Data' goes more positive than '- Write Data', flux reverses on the track, provided that 'Write Gate' 
is active. The system drives' - Write Data' to an active level (' + Write Data' more negative than'­
Write Data') when in the read mode. 

Read Data 

'Read Data' is sent to the system through the differential pair of Read Data lines. The transition of 
'+ Read Data' going more positive than '- Read Data' represents a flux reversal on the track of the 
selected head. 

Fixed Disk Requirements for Diagnostics 

Diagnostics reserve the right to use portions of each installed fixed disk independent of the user 
installed operating system or hardware device drivers. The cylinder 0 format as described in the 
IBM RT PC Virtual Resource Manager Technical Reference must be honored. Also, the CE 
cylinder should never be used for customer data. It w1..ll be overwritten du..1"j,ng diagnostic testing. 
The CE cylinder is the innermost cylinder of each fixed disk. Honoring these reservations avoids 
the destruction of data and allows the hardware to be serviced. 
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Specifications 

The following figures list the internal and performance specifications of this drive. 

Rotational speed 3600 rpm 

Index 1 

Start time 25 seconds (max.) 

Figure 4. Internal Specifications 

Formatted capacity 40M-bytes 

Bytes per sector 512 

Sectors per track 17 

Transfer rate 5M bits per second 

Latency (average) 8.3 ms 

Access time: 
Track to track 8 ms 
Average 40ms 
Maximum 80ms 

Figure 5. Performance Specifications 
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Power Dissipation 30 Watts Average 

Operating limits Ambient temperature 10 to 500C 
(50 to 1220F) 
Relative humidity 8 to 80 % 
Maximum wet bulb 26.70C 
(800F) 

Non-operating limits Ambient temperature -40 to 600C 
( -40 to 1400F) 
Humidity no condensation 

Mechanical dimensions Width 146.0 mm (5.8 in) 
Height 82.5 mm (3.25 in) 
Depth 203.2 mm (8 in) 

Weight 3.4 kg (7.5 lbs.) 

Figure 6. Physical Specifications 
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Description 

The 70MB Fixed-Disk Drive is a direct access storage device using nonremovable 5.25-inch rigid 
disks. The drive uses a rotary voice-coil positioner that has a 40-millisecond average access time. 
The read/write heads automatically retract to a dedicated landing zone when power is turned off. 

Interfaces 

The interfaces of this drive are divided into three categories: 

• DC power 

• Data transfer 

• Control. 

The de power interface is a 4-pin female connector. The signals and pin assignments follow: 

Signal Name Pin 

+12 Volts DC 1 
+12 Volts Return 2 
+5 Volts Return 3 
+5 Volts DC 4 

I 
~ 1 2 3 4 ~ I 

Figure 1. DC Power Interface 
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The data transfer interface is a 20-pin printed circuit board (PCB) edge connector. The signals and 
pin assignments are as follows: 

Signal Name Signal Pin God Pin 

- Drive Selected 1 

- Sector 2 

- Command Complete 3 

Reserved 4 

Reserved 5 6 

+ Write Clock 7 

- Write Clock 8 

Reserved 9 

+ Read/Reference Clock 10 

- Read/Reference Clock 11 12 

+ NRZ Write Data 13 15 

- NRZ Write Data 14 16 

+ NRZ Read Data 17 

- NRZ Read Data 18 19 

- Index 20 

Figure 2. nata Transfer Signal Lines (J2/P2) 
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The control interface is a 34-pin PCB connector. The table below shows the signals and pin 
assignments: 

Signal Name Signal Pin God Pin 

- Head Select 23 2 1 

- Head Select 22 4 3 

- Write Gate 6 5 

- Configuration/Status Data 8 7 

- Transfer Acknowledge 10 9 

- Attention 12 11 

- Head Select 20 14 13 

- Sector 16 15 

- Head Select 21 18 17 

- Index 20 19 

- Ready 22 21 

- Transfer Request 24 23 

- Drive Select 1 26 25 

- Drive Select 2 28 27 

- Drive Select 3 30 29 

- Read Gate 32 31 

- Command Data 34 33 

Figure 3. Control Signal Lines (Jl/Pl) 
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Input Control Signals 

The input control signals have a removable terminator that can be unplugged when multiple drives 
operate multiplexed on the same control cable. The input signals are received by 74LS14 circuits. 
The following are descriptions of the input control signals. 

Drive Select 

'Drive Select' consists of three output lines from the controller which are decoded to select a single 
drive. When the drive select lines ate all zero (inactive), no drive is selected. The decoding of these 
lines is shown below: 

Drive Select Drive 
3 2 1 Selected 

0 0 0 None 
0 0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 0 6 
1 1 1 7 

The drive address is set using option switches on the drive. Switches should be set to select drive 2. 

Head Select 

There are four head select lines (Head select 20, 21, 22, 23) which are decoded to select one of up to 
16 heads. Head 20 is the least significant line. When all head select lines are inactive, head 0 is 
selected. 

Since the file has a maximum of seven heads, the head select 23 line is not used internally, but it is 
properly terminated. 
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Transfer Request 

Transfer Request is used as a handshake signal during command and configuration or status 
transfers. 

Read Gate 

The active level of this signal allowS' data to be read from the disk. 

Write Clock 

Write Clock is provided by the controller and must be at the bit data rate. This clock frequency is 
dictated by the Read/Referenc~ Clock during the write operation. 

NRZ Write Data 

NRZ Write Data is a differential pair that writes data on the disk. The data is clocked by the Write 
Clock signal. 
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Command Data 

When presenting a command, 16 information bits of serial data, plus parity is presented on this line. 
This data is controlled by the handshake protocol with the 'Transfer Request' and 'Transfer 
Acknowledge'signals. Data is transferred most significant bit first and utilizes odd parity. 

The following table lists the drive commands: 

Command 15 -12 11 - 8 7 0 

Request Status 0010 0000 xxxxxxxx 

Request Unique Status 0010 xxxx xxxxxxxx 

Request Configuration 0011 0000 xxxxxxxx 

Request Number of Fixed Cylinders 0011 0001 xxxxxy.xx 

Request Number of Heads- 0011 0011 xxxxxxxx 

Request Number of Bytes per Track 0011 0100 xxxxxxxx 

Request Number of Bytes per Sector 0011 0101 xxxxxxxx 

Request Number of Sectors per Track 0011 0110 xxxxxxxx 

Request Number of ISG Bytes 0011 0111 xxxxxxxx 

Request Num1;>er of PLO Sync Bytes 0011 1000 xxxxxxxx 

Request Number of Unique Status Words 0011 1001 xxxxxxxx 

Reset Attention and Status 0101 0000 xxxxxxxx 

Stop Spindle Motor 0101 0010 xxxxxxxx 

Start Spindle Motor 0101 0011 xxxxxxxx 

Data Strobe Offset 0 0110 OOOx xxxxxxxx 

Data Strobe Offset 1 Early 0110 0010 xxxxxxxx 

Data Strobe Offset 1 Late 0110 0011 xxxxxxxx 

Data Strobe Offset 2 Early 0110 0100 xxxxxxxx 

Figure 4 (Part 1 of 2). Commands 
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Command 15 -12 11 - 8 7 0 

Data Strobe Offset 2 Late 0110 0101 :xxxxxxxx 

Data Strobe Offset 3 Early 0110 0110 :xxxxxxxx 

Data Strobe Offset 3 Late 0110 0111 :xxxxxxxx 

Track Offset 0 0111 OOOx :xxxxxxxx 

Track Offset + 1 0111 0010 :xxxxxxxx 

Track Offset-1 0111 0011 :xxxxxxxx 

Track Offset + 2 0111 0100 :xxxxxxxx 

Track Offset-2 0111 0101 :xxxxxxxx 

Track Offset +3 0111 0110 :xxxxxxxx 

Track Offset -3 0111 0111 :xxxxxxxx 

Seek 0000 Cylinder 

Recalibrate 0001 xxxx :xxxxxxxx 

Initiate Diagnostics 1000 xxxx :xxxxxxxx 

Figure 4 (Part 2 of 2). Commands 
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Output Control Signals 

The output signals have the following specifications: 

• Active: 0.0 to 0.4 V dc at 48mA. 

• Inactive: 2.5 to 5.25 Vdc at 250 uA. 

The following are descriptions of the output control signals: 

Drive Selected 

Drive Selected indicates the selection status of the drive. This line goes active only when the Drive 
Select lines match the drive address. 

Transfer Acknowledge 

Transfer Acknowledge is a response to the 'Transfer Request' signal during command and 
configuration or status transfers. 

Configuration/Status Data 

Configuration or status data is presented to the interface and transferred using the handshake 
protocol with the 'Transfer Request' and 'Transfer Acknowledge' signals. The 16 bits of 
configuration data is shown in Figure 5 on page 9. 
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Bit Value Description 

15 0 Tape Drive 

14 1 Format Speed Tolerance Gap Required 

13 1 Track Offset Option Available 

12 1 Data Strobe Offset Option Available 

11 0 Rotational Speed Tolerance is >0.5 % 

10 0 Transfer Rate >10 Mhz 

9 1 Transfer Rate> 5 Mhz < 10 Mhz 

8 0 Transfer Rate < 5 Mhz 

7 0 Removable Cartridge Drive 

6 1 Fixed Drive 

5 0 Spindle Motor Control Option Implemented 

4 0 Head Switch Time > 15usec. 

3 1 RLL Encoded (Not MFM) 

2 0 Controller Soft Sectored (Address Mark) 

1 1 Drive Hard Sectored (Sector Pulses) 

0 0 Controller Hard Sectored (Byte Clock) 

Figure 5. ComIgUnltion Data Bits 
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The 16 bits of status data is shown in Figure 6. 

Bit Value Description 

15 0 Reserved 

14 0 Removable Media Not Present 

13 0 Write Protected, Removable Media 

12 0 Write Protected, Fixed Media 

11 0 Reserved 

10 0 Reserved 

9 X Spindle Motor Stopped 

8 X Power On Reset Conditions Exist 

7 X Command Data Parity Fault 

6 X Interface Fault 

5 X Invalid or Unimplemented Command Fault 

4 X Seek Fault 

3 X Write Gate with Track Offset Fault 

2 X Unique Status Available 

1 X Write Fault 

0 0 Removable Media Changed 

Figure 6. Status Data Bits 

Command Complete 

Command Complete allows the controller to monitor the drive's command complete status, during 
overlapped commands, without selecting the drive. This signal is inactive during the following 
cases: 

• At power on 

• Upon receipt of the first command data bit. Command Complete stays inactive during the 
entire command sequence. 
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Ready 

Ready indicates that the spindle is up to speed. When this signal and Command Complete are 
active, and Attention is inactive the file is ready to read, write, or seek. When Ready is inactive, all 
writing and seeking is inhibited. 

Attention 

Index 

Sector 

Attention signals the controller when the drive has a fault condition or a change in status. Writing is 
inhibited when Attention is active. Attention is deactivated by the Reset Interface Attention 
command. 

The drive provides this output signal once each revolution to indicate the beginning of a track. This 
signal normally is inactive and goes active to indicate -Index. Only the change from inactive to 
active is valid (leading edge of the pulse). The nominal period of this signal is 16.7 milliseconds. 

The drive provides this output signal to indicate the start of a sector. This signal normally is inactive 
and goes active to indicate -Sector. Only the change from inactive to active is valid (leading edge of 
the pulse). 

Read/Reference Clock 

Read/Reference Clock provides the read clock when Read Gate is active and a reference clock 
when Read Gate is inactive. After Read Gate is activated, Read Clock may not be within tolerance 
until PLO synchronization is established. The transitions between Read Clock and Reference 
Clock are performed without glitches, but up to two missing clock cycles may occur. 
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NRZ Read Data 

NRZ Read Data is a differential pair that reads previously written data from the disk. This data is 
clocked by the Read Clock signal. These lines are held inactive until PLO synchronization is 
established and data is valid. 

Fixed Disk Requirements for Diagnostics 

Diagnostics reserve the right to use portions of each installed fixed disk independent of the user 
installed operating system or hardware device drivers. The cylinder 0 format as described in the 
mM RT PC Virtual Resource Manager Technical Reference must be honored. Also, the CE 
cylinder should never be used for customer data. It will be overwritten during diagnostic testing. 
The CE cylinder is the innermost cylinder of each fixed disk. Honoring these reservations avoids 
the destruction of data and allows the hardware to be serviced. 
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Specifications 

The following figures list the internal and performance specifications of this drive: 

Rotational speed 3600 rpm 

Index 1 

Start time 50 seconds (max) 

Figure 7. Internal Specifications 

Formatted capacity 70M-bytes 

Bytes per sector 512 

Cylinders 566 

Heads 7 

Sectors per track 36 

Transfer rate 10M bits per second 

Latency (average) 8.3 ms 

Access time: 
Track to track 8ms 
Average 40ms 
Maximum 70ms 

Figure 8. Performance Specifications 
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Power dissipation 30 watts average 

Operating limits Ambient temperature 
10 to 50°C (50 to 122°F) 
Relative humidity 8 to 80% 
Maximum wet bulb 26.7°C (80°F) 

Non-operating limits Ambient temperature 
-40 to 60°C (-40 to 140°F) 
Humidity no condensation 

Mechanical dimensions Width 146.0 mm (5.8 in) 
Height 82.5 mm (3.25 in) 
Depth 203.2 mm (8 in) 

Weight 3.4 kg (7.5 lbs.) 

Figure 9. Physical Specifications 
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Description 

The Double Sided Diskette Drive is a direct-access device that 
can store 320/360Kb of data on a dual-sided 5-1/4 inch diskette. 
All data format and access control is in the system. The following 
figure describes the type of diskette required by this drive. 

Characteristic Requirement 

Certification Double sided 
48 TPI 
40 tracks per surface 
Soft Sector 

Recording density 5,876 bits per inch 
Media coercivity 300 to 350 Oersteds 
Jacket Standard 5-1/4 inch 

Diskette Requirements 

The signals for operating the diskette drive are generated through 
the IBM Personal Computer AT Fixed Disk and Diskette Drive 
Adapter. 

Interfaces 

The diskette drive has two types of interface: control and dc 
power. The following figure shows the signals and pin 
assignments for the control interface. 
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Signal Name 1/0 Signal Pin Ground Pin 

Reserved - 2 1 
Reserved - 4 3 

-Drive Select 3 I 6 5 
-Index 0 8 7 
-Drive select 0 I 10 9 
-Drive select 1 I 12 11 
-Drive select 2 I 14 13 
-Motor On I 16 15 
-Direction Select I 18 17 
-Step I 20 19 
-Write Data I 22 21 
-Write Gate I 24 23 
-Track 00 0 26 25 
-Write Protect 0 28 27 
-Read Data 0 30 29 
-Side 1 Select I 32 31 

Reserved - 34 33 

Control Interface (P1/J1) 

Following are the signals and pin assignments for the dc power 
interface. 

Signal Name Pin 

+ 12 Vdc 1 
+ 12 Vdc Return 2 
+ 5 Vdc Return 3 
+ 5 Vdc 4 

Power Interface (P2/ J2) 

All signals operate between + 5 V dc and ground with the 
following definitions: 

Inactive Level: +2.5 to +5.25 Vdc 

Active Level: 0.0 to +0.4 Vdc 

All outputs from the drive can sink 40 rnA at the active level. The 
system provides pull-up registers. 

Input Signals 

All input signals are active when low. 
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Drive Select 0 through 3 

These I drive select I signals enable or disable all other drive 
interface signals, except I motor on I. When I drive select I is at 
the active level, the drive is enabled. When it is at the inactive 
level, all controlled inputs are ignored, and all drive outputs are 
disabled. The enabled or disabled condition of the drive is 
established within 500 nanoseconds after a change to the select 
input, excluding head-load time and settling times. 

-Motor On 

An active level of this signal starts the drive motor. There must 
be a 750 millisecond delay after I -motor on I becomes active 
before any read or write operation starts. 

- Direction Select 

This signal determines the direction the read/write head moves 
when the step signal is pulsed. An active level indicates away 
from the center of the diskette (out); an inactive level indicates 
toward the center of the diskette (in). Any change in the 
I direction select I signal must be made at least 1 microsecond 
before the leading edge of the step pulse, and at least 1 
microsecond after the trailing edge of the step pulse. 

-Step 

This signal causes the read/write heads to move in the direction 
determined by the I direction select I signal. Motion is started 
each time the signal changes from an active to inactive level (at 
the trailing edge of the pulse). 

-Write Data 

Each time this signal changes from the inactive to inactive level, 
the current through the read/write heads reverses, thereby writing 
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a data bit. This signal is enabled when • write gate' is at the 
active level. 

-Write Gate 

A 250-nanosecond active pulse of this signal causes a bit to be 
written on the diskette. These pulses may occur with either a 4, 
6, or 8-microsecond spacing (±O.5°/o). After deactivating 'write 
gate • , deactivation of • drive select' and' motor on • , and 
changing • side select' must be delayed 1 millisecond, because the 
erase head is active for this period. 

-Side 1 Select 

This signal determines which side of the two-sided diskette will be 
used for reading or writing. An inactive level of this signal selects 
the read/write head on the 0 side of the diskette; an active level 
selects the 1 side. A 100-microsecond delay must be allowed 
after switching from one head to the other before starting to read 
or write. 

Output Signals 

-Index 

When the drive senses the index hole in the diskette, it generates a 
1- to 8-microsecond active pulse on this line. 

-Track 00 

An active level of this signal means that the read/write heads are 
at Track 0 (the outermost track). 

-Write Protect 

An active level of this signal means that a diskette without a 
write-protect notch is in the drive. The drive will not write when 
a protected diskette is loaded. 
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-Read Data 

A 250-nanosecond active pulse is provided on this line for each 
bit detected on the diskette. These pulses may occur with either 
4,6, or 8-microsecond spacing. 

Specifications 

The following figures show the physical, and performance 
specifications for this drive. 

Power Dissipation 
Operating Limits 

Ambient Temperature 
Relative Humidity 
Maximum Wet Bulb 

Non-Operating Limits 
Ambient Temperature 
Humidity 

Mechanical Dimensions 
Width 
Height 
Depth 

Weight 

11 W (Typ i ca I ) 

10 to 50 Degrees C (41 to 114.B Degress F) 
B to BO% 

26.7 Degrees C (B4 Degrees F) 

-40 to 60 Degrees C (-40 to 140 Degrees F) 
No Condensation 

146.0 mm (5.B in.) 
41.0 mm (1.6 in.) 

203.2 mm (B.O in.) 
1.6 kg (3.52 pounds) 

Physical Specifications 
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Capacity Unformatted 
Capacity Formatted 

9 Sectors Per Track 
8 Sectors Per Track 

Recording density 
Track Density 
Cylinders 
Tracks 
Encoding Method 
Rotational Speed 
Transfer Rate 
Latency (Average) 
Access Time: 

Average 
Track to Track 
S e tt lin g Time 

Head Load Time 
Motor Start Time 

500 Kb 

368.6Kb 
320.0Kb 
5,876 bits per inch 
48 TPI(tracks per inch) 
40 
80 
MFM 
300 RPM ± 1.5% 
250K bits per second 
100 ms 

81 ms 
6 ms 

15 ms 
o ms 

500 ms 

Performance Specifications 
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Description 

The IBM Personal Computer AT High Capacity Diskette Drive is 
a direct-access device that can store 1.2Mb of data on a 
dual-sided 5-1/4 inch diskette. All data format and access 
control is in the system. The following figure describes the type 
of high-density diskette required by this drive. Diskettes, which 
meet these specifications may not be used in either a 160/180Kb 
or a 320/360Kb diskette drive. 

Characteristic Requirement 

Certification Double sided 
96 TPI 
80 tracks / surface 
Soft sector 

Recording density 9,646 bits per inch 
Media coercivity 600 to 650 Oersteds 
Jacket Standard 5-1 /4 inch 

Diskette Requirements 

The signals for operating·the diskette drive are generated through 
the IBM Personal Computer AT Fixed Disk and Diskette Drive 
Adapter. 

Note: This drive also can read diskettes formatted for a 
320/360Kb dual-sided drive or a 160/180Kb single-sided 
drive. 

Interfaces 

The diskette drive has two types of interface: control and dc 
power. The following show the signals and pin assignments for 
the control interface. 
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Signal Name I/O Signal Pin Ground Pin 

- Reduced write I 2 1 
Reserved - 4 3 
- Drive sel ect 3 I 6 5 
-Index 0 8 7 
-Drive select 0 I 10 9 
- Drive select 1 I 12 11 
- Drive select 2 I 14 13 
-Motor on I 16 15 
- Direction select I 18 17 
-Step I 20 19 
-Write data I 22 21 
-Write gate I 24 23 
- Track 00 0 26 25 
- Write protect 0 28 27 
-Read data 0 30 29 
-Side 1 select I 32 31 
- Diskette change 0 34 33 

Control Interface (P1 /J1) 

The signals and pin assignments for the dc power interface are as 
follows: 

Signal Name Pin 

+12 Vdc 1 
+12 Vdc return 2 
+5 Vdc return 3 
+5 Vdc 4 

DC Power Interface (P2/J2) 

All signals operate between + 5 V dc and ground with the 
following definitions: 

Inactive Level: +2.5 to +5.25 Vdc 

Active Level: 0.0 to +0.4 Vdc 

All outputs from the drive can sink 40 rnA at the active level. The 
system provides pull-up registers. 

Input Signals 
Following are descriptions of the input signals. 
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-Reduced Write 

The inactive state of this signal indicates that high-density media 
is present requiring normal write currents, and the active state 
indicates low-density media is present, requiring a reduced write 
current. 

- Drive Select 0, 1, 2, and 3 

The Drive Select signals enable or disable all other drive interface 
signals, except I motor on I. When I drive select I is at the active 
level, the drive is enabled. When it is at the inactive level, all 
controlled inputs are ignored, and all drive outputs are disabled. 
The enabled or disabled condition of the drive is established 
within 500 nanoseconds after a change to the select input, 
excluding head-load time and settling time. 

-Motor On 

The spindle motor runs when this input is active. The drive 
requires a 1 second delay after I -motor on I becomes active 
before a read or write operation. 

- Direction Select 

If this input is at a inactive level the I step I input signal moves 
the heads away from the drive spindle. An active level causes the 
opposite. This input is stable for a minimum of 1 microsecond 
before and after the trailing edge of the step pulse. 

-Step 

A 1-microsecond active pulse on this input causes the read/write 
heads to move one track. The state of I-Direction Select I at the 
trailing edge of the Step pulse determines the direction of motion. 
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-Write Data 

A I50-nanosecond pulse on this input causes a bit to be written 
on the disk if Write Gate is active. These pulses may occur with 
either a 2, 3, 3.3, 4. 5, or 6.67~microsecond spacing ±0.5 0A>. 
When Write Gate is inactive, pulses do not appear on this input. 

-Write Gate 

An active level of this input enables the write current circuits, and 
the Write Data input controls the writing of information. 
Transitions of this line occur 4 to 8 microseconds before the first 
significant data bit, and 4 to 8 microseconds after the last 
significant data bit. Making this input inactive removes all 
current from the read/write heads and allows the read circuits to 
operate within 590 microseconds All motor-start, head-settle, 
and head-load times are complied with before the line becomes 
active. 

-Side 1 Select 

Making this input active selects the upper head; otherwise the 
lower head is selected. 

Output Signals 

Following are descriptions of the output signals. 

-Index 

When a diskette's index hole aligns with the hole in the diskette 
jacket, a 1- to 8-microsecond active pulse is generated on this 
line. 

~Track 00 

This signal is active when the upper head is on Track 00. 
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- Write Protect 

This output is active when a diskette without a write-protect 
notch is inserted. It prevents the erasing or writing of data. 

-Read Data 

Each bit detected provides a I 50-nanosecond active pulse on this 
line. These pulses may occur with either a 2, 3, 3.33, 4,5, or 
6.67-microsecond spacing ±0.5%. 

- Diskette Change 

This output is active unless a diskette is present and a step pulse is 
received when the drive is selected. 

Power Sequencing 

The I write gate I signal is turned off and is kept off before power 
is switched on or off. The read/write heads return to Track 00 
when the system power is switched on. 

Drive-in-Use Indicator 

The Drive-in-Use indicator lights when the drive is selected. 

Specifications 

The following figures show the performance, physical, and 
performance specifications for this drive. 
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Power dissipation 
Operating limits 

Non-operating limits 

Mechanical dimensions 

Weight 

Physical Specifications 

Capacity unformatted 
Capacity formatted 

15 sectors per track 
Recording density 
Track density 
Cylinders 
Tracks 
Encoding method 
Rotational speed 
Transfer rate 
Latency (average) 
Access time 

Average 
Track to track 
Settling time 

Head load time 
Motor start time 

11 W (TYP) 
Ambient temperature 5 to 46 degrees 
Celsius (41 to 114.8 degrees Farenheit) 
Relative humidity 20 to 80 % 
Maximum wet bulb 29 degrees Celsius (84 
degrees Farenheit) 
Ambient temperature -40 to 60 degrees 
Celcius (-40 to 140 degrees Farenheit) 
Humidity no condensation 
Width 146.0 mm (5.8 in) 
Height 41.0 mm (1.6 in) 
Depth 203.2 mm (8 in) 
1.6 kJl 

1604Kb 

1.2Mb 
9646 bits per inch 
96TPI 
80 
160 
MFM 
360 RPM 
500K bits/ second 
83 ms 

91 ms 
3 ms 
18 ms 
50 ms 
750 milliseconds 

Performance Specifications 
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Description 

The tape subsystem contains a 1/ 4-inch streaming cartridge tape drive, a power supply, and 
associated components. The streaming tape drive consists of read/write, control and motor drive 
electronics, a tape transport mechanism, and head stepping assembly. These components perform 
the following functions: 

Interpret and generate interface control signals 

Automatically position the read/write head to the proper track 

Format, read, and write data 

Monitor and control tape speed 

Provide data error detection and correction. 

The IBM RT PC Streaming Tape Drive Adapter board controls the subsystem. All commands from 
the system pass through the adapter board. 

Control Interface 

The control interface lines for the tape subsystem are carried by a 6 foot black signal cable which 
enters the rear of the subsystem. The cable attaches to the IBM R T PC Streaming Tape Drive 
Adapter card with the 37 -pin D-shell connector on the end of the cable. The cable pin assignments 
are shown in Figure 1 on page 2. 
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Signal Name Signal Pin Gnd Pin 

Cable shield 19 1 

Parity Bit (Odd) 20 2 

Bit 7 21 3 

Bit 6 22 4 

Bit 5 23 5 

Bit 4 24 6 

Bit 3 25 7 

Bit 2 26 8 

Bit 1 27 9 

Bit 0 28 10 

On line 29 11 

Request 30 12 

Reset 31 13 

Transfer 32 14 

Acknowledge 33 15 

Ready 34 16 

Exception 35 17 

Direction 36 18 

Reserved 37 

Figure 1. Control Interface Lines 

Power 

The subsystem has its own AC line cord that must be plugged into an electrical wall outlet. 
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Specifications 

The following figures show the physical and performance specifications for the subsystem. 

Signal interface QIC-02 industry standard 

Data format QIC-24 industry standard 

Capacity SSM-bytes 

Recording density 10000 flux changes per 
inch 

Transfer rate 86.7K bits per second 

Tape speed 90 inches per second 

Internal data buffer 2K-bytes 

Figure 2. Performance Specifications 

AC power 50-60 Hz, 90-137 Volts RMS 
100 watts 

Operating limits Ambient temperature 5 to 400C 
(41 to 1040P) 
Relative humidity 20 to 80 0/0 

Nonoperating limits Ambient temperature -10 to 600C 
(-40 to 1400P) 
Relative humidity 8 to 800/0 

Mechanical dimensions Width 144.0 mm (5.75 in) 
Height 221.2 mm (8.75 in) 
Depth 387.3 mm (15.25 in) 

Figure 3. Physical Specifications 
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