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Description

The IBM® Personal System/2® Micro Channel™ SCSI Adapter serves
as the interface between systems using the Micro Channel
architecture and devices using Small Computer System Interface
(SCSI) architecture.

The adapter supports:

¢ A broad range of internal and external SCSI devices.

* Up to seven SCSI physical devices. Each physical device can
support eight logical devices.

s Overlapped command processing for up to 15 devices.
+ Devices compatible with SCSI Common Command Set.

s A data transfer rate of up to 5 million bytes-per-second from the
adapter to external devices.

+ A data transfer rate of up to 8.3 million bytes-per-second from the
adapter to the system (burst rate).

* A 16-bit data bus.

* A 24- or 32-bit address bus {(automatically configurable).
The adapter also serves as a bus master (intelligent bus controller).

Warning: In this technical reference, the term “Reserved” describes
certain signals, bits, and registers that should not be changed. Use of
reserved areas can cause compaltibility problems, loss of data, or
permanent damage to the hardware. When the contents of a register
are changed, the state of the reserved bits must be preserved. When
possible, read the register first and change only the bits that must be
changed.

IBM and Personal System/2 are registered trademarks of the
International Business Machines Corporation.

Micro Channel is a trademark of the International Business Machines
Corporation.
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The following is a block diagram of the adapter.

SCslI
BIOS

50-Pin 60-Pin
Internal SCSi Bus External SCSI Bus
Connector Connector
Data SCSI
Flow Bus
Controller Controller
System |
glltlgrfacel | | ROM
Master
DMA Microprocessor
Controller RAM

16-Bit Micro Channel

Figure 1. Adapter Block Diagram
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Adapter Components

The adapter components described in this section are:
microprocessor, SCS! bus controller, data flow controller, basic
input/output system (BIOS), and system interface/bus master direct
memory access (DMA) controller,

Adapter Microprocessor

The adapter microprocessor controls all adapter operations. It
translates commands received from the system into a series of
operations. For example, the adapter microprocessor controls data
transters to and from the system, and executes all necessary error
detection and recovery procedures to ensure data integrity.

SCSI Bus Controller

The SCSI bus controller transmits commands, receives status,
transfers data between attached SCSI devices and the adapter, and
provides the following functions:

SCSI bus arbitration

¢ Device selection and reselection

-

SCSI phase change detection

SCSI bus parity generation and checking.

Micro Channel SCS| Adapter
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Data Flow Controller

The data flow controlier manages the flow of parallel data between
the SCSI bus and the system. The controller allows concurrent data
transfers between the SCSI bus and the Micro Channel.

The bus-steering and data-flow logic allows either byte or word
transfers to the system, and performs these transfers in the burst
mode.

Adapter BIOS and POST

The adapter read-only memory (ROM) contains BIOS, advanced BIOS
(ABIOS), and power-on self test (POST) for fixed disk drives.
Additional BIOS routines are provided to support device drivers for
SCSI devices other than fixed disk. POST routines verify the SCSI
subsystem configuration at power-on and after any system reset. For
more information on the BIOS interfaces, refer to the /BM Personal
System/2 and Parsonal Computer BIOS Interface Technical
Reference. For more information on SCSI device features required
for POST support, see “Device Requirements for POST Support” on
page 7.

System Interface/Bus Master DMA Controller

The system interface/bus master DMA controller provides the
command and interrupt registers. These registers receive commands
from the system and interrupt the system when a command is
completed. The transfer of data between the adapter and the system
is controlled through bus master DMA. Data transfers up to 8.3
million bytes-per-second and 16-bit burst-mode operations are
supported.

4 Micro Channel SCSI Adapter



Statement of Conformance

The following statements are in the format specified in Appendix E of
the American National Standards Institute (ANSI) SCSI Standard
X3.131-1986.

Alternatives

Single-ended receivers and drivers are used.
+ Terminal Power is supplied by the adapter.
Parity is used on all data transters.

Hard reset of the SCSI bus is implemented.

Target reservation queusing is supported.

Level of Conformance

The level of conformance is Level 2.

Implemented Options

The Synchronous Data Transfer Request message is supported.
Maximum request-to-acknowiedge offset is 7. Minimum transter
period implemented is 200 nanoseconds.

Micro Channel SCSI Adapter



Supported Devices

The adapter supports devices that conform to the ANSI SCSI Standard
X3.131-1986. These devices must support the mandatory commands
and messages specified in Addendum 4.B, also known as the
Common Command Set.

Each SCSI device connected to a single SCSI adapter must be given,
at time of installation, a unique SCSI identification number (ID). The
ID must be set properly, on each device, at time of instatlation. The
ID must not be the same ID given to any other device connected to
the same adapter, or given to the adapter itself. The SCSI ID is also
the physical unit number (PUN).

Supported SCSI Commands

The adapter supports the following SCSI commands from the
Common Command Set.

Copy * Release

Format Unit * Request Sense *
Inquiry * Reserve

Mode Select Rezero Unit
Mode Sense Seek
Prevent/Allow Medium Removal Send Diagnostic
Read * Start/Stop Unit
Read Buffer Test Unit Ready
Read Capacity * Verify *

Read Defect Data Write *

Read Extended * Write and Verify *
Reassign Blocks * Write Buffer
Receive Diagnostic Results Write Extended *

* 8CSI commands issued by the controlier when translating the system interface
commands {op codes hex 01 1o 1E).

Note: SCSIcommands shown without an asterisk can be issued only with the
command Send Other $CSI Command. SCSI commands not shown are not
supported.

Figure 2. SCSI Commands
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Supported SCS|I Messages

The following SCSI messages are supported by the adapter.

SCSI Mossages SCS| Status Messages

Abort Busy

Bus-Device Reset Check Condition

Command Complete GCondition Met/Good

Pisconnect Good

identify immediate/Good
Initiator-Detected Ervor Intermediate/Condition Met/Good
Linked Command Complete Reasgervation Conflict

Linked Cormnmand Complete with Flag
Message Parity Error

Message Reject

No Operation

Restore Pointers

Save Data-Pointer

Note: The SCSI extended messags Synchronous Data Transfer Request is also

supported by the adapter.

Figure 3. SCSI Messages

Device Requirements for POST Support

The following are the minimum requirements that SCSI devices must
meet to be supported by the POST routines.

All devices must be able to respond to the Inquiry and Request
Sense commands within 3 seconds after being powered-on.

Device type 0 must respond to the Start/Stop Unit and Test Unit
Ready commands within 3 seconds after being powered-on.

Device type 0 with non-removable media must make the drive
ready for media access within 30 seconds of receiving a
Start Unit command.

Device type 0 must respond to the Read and Read Capacity
commands.

While configuring the SCSI bus, POST issues the Inquiry
command to all 56 possible combinations of physical unit
number/logical unit number (PUN/LUN) until 15 logical devices
are assigned. Therefore, all devices must respond to each
possible LUN for its SCSI ID.

Micro Channel SCSI| Adapter 7




Programmable Option Select

The adapter contains configurable options. These options are
controlled through the programmable option select (POS) registers.
These registers are accessible only when the 'card setup’ signal (-cb
SETUP) is active.

Warning: IBM recommends that programmable options be set only
through System Configuration utilities. Directly setting the
complementary metal-oxide semiconductor (CMOS) parameters or
POS registers can result in multiple assignment of the same system
resource, improper operation of the feature, loss of data, or possible
damage to the hardware. If application programs use adapter
identification (ID) information, compatibility probiems between
systems or options can resuit.

Address Address Line

{Hex) -CD SETUP A2 A1 AD Register

0100 1] 0 oo POS Register 0
0101 0 o0 01 POS Register 1
0102 1] 0 1+ 0 POS Register 2
0103 0 o1 1 POS Register 3
0104 0 100 POS Register 4
N/A 1 X X X Normal Operation
x = Don’t Care

Figure 4. POS Register Selection
Note: When the system is modifying a register, the state of the

reserved bits must be preserved. When possible, read the
register first and change only the bits required.

8 Micro Channel SCS| Adapter



POS Registers 0 and 1 (Hex 0100 and 0101)
These read-only registers contain the adapter ID (hex 8EFE). POS

Register 1 is the most-significant byte of the adapter ID; POS Register
0 is the least-significant byte.

POS Register 2 (Hex 0102)

Bit Function

7-4 ROM Segment Address Select
3-1 Adapter I/O Address Select

0 Adapter Enable

Figure 5. POS Register 2 (Hex 0102)

Blis 7 -4 These bits determine the segment address for the adapter
BIQS as shown in the following table.

Hex Segment Address (Hex) Hex Segment Address (Hex)
0 C0000 8 DO00O

1 C2000 9 D2000

2 C4000 A D4000

3 C6000 B D6000

4 GBOGO C D800

5 CAO000 D DADDO

B CCoo0 E DGC000

7 CE0O0 F N/A

Note: Odd numbered values are not available when 32K BICS is enabled (Bit 7 of
POS Register 4 = 1).

Figure 6. ROM Segment Address Select

Micro Channel SCSI Adapter 9



Bits 3-1 These bits determine the I/0 addresses for the adapter.
Up to eight adapters can be installed in a system,
However, only four adapters are supported by adapter
BIOS. Each adapter must be assigned a unique I/O
address range as shown in the following tabie.

Hex Adapter Addreas (Hex)

3540 - 3547
3548 - 354F
3550 - 3557
3558 - A55F
3560 - 3567
3568 - 356F
3570 - 3577
3578 - 357F

N RN =0

Figure 7. Adapter I/Q Address Select

BRO When this bit is set to 1, the adapter is enabled. When this
bit is set to 0, the adapter does not respond to any I1/0 or
memory commands except during memory refresh
operations and POS read and write operations. Adapter
interrupts are disabled. This bit is set to 0 when the
‘channel reset’ signal on the system channel becomes
active.

10 Micro Channel SCSI Adapter



POS Register 3 (Hex 0103)

Bit Function

7- SCSIID

4 Fairness Enable
3- Arbitration Level

Figure 8. POS Register 3 (Hex 0103)

Bits7-5

Bit 4

Bits3-0

These bits determine the SCSI ID (0 through 7) of the
adapter. Each device on the SCSi bus must have a unique
SCSI ID. If the SCSI ID for the adapter is changed, an
adapter-hardware reset should be performed.

When this bit is set to 0, tairness is disabled and priority is
selected by bits 3 - 0 (arbitration level} in this register.

if the adapter is bursting data while fairness is enabled
and -PREEMPT becomes active, the adapter stops channel
activity and waits for -PREEMPT to bacome inactive before
reentering arbitration.

These bits specify the arbitration level of the adapter
when it Is competing for the system channel. When
competing for the channel, the adapter places this value
on the arbitration lines. If no other device places a higher
priority request (lower binary value) on these lines, the
adapter wins the arbitration.

Micro Channel SCSI Adapter 11



POS Register 4 (Hex 0104)

This 8-bit read/write register enables or disabies the BIOS, selects
the BIOS size, and controis BIOS memory cycles on the adapter.

Bit Function

7 ROM BIOS Size

6-2 Reserved

1 ROM BIQS Enable

0 ROM BIOS Wait State Disable

Figure 9. POS Register 4 (Hex 0104)

Bit7 When this bit is set to 1, a 32KB (KB = 1024 bytes) ROM
BIOS area is enabled. When this bit is set to 0, a 16KB
ROM BIOS area is enabled.

Bite 6 -2 These bits are reserved.

BH 1 When this bit is set to 1, ROM BIOS is enabled. This bit is
set to 1 at power-on time.

Bit 0 When this bit is set to 0, one wait state is generated for
operations to BIOS. When this bit is set to 1, no wait
states are generated. This bit is set to 0 at power-on time.

Adapter-to-System Interface

To the system, the adapter operates as a bus master. A set of eight
/O registers tssues commands and receives status from the adapter.
The addresses for these registers depend on the address range
selected in POS Register 2.

Register Read/Write Offset
Command Interface Register 1 Read/Write 00
Command Interface Register 2 Read/Write 0
Command Interface Register 3 Read/Write 02
Command Interface Register 4 Read/Write 03
Attention Register Read/Write 04
Basic Controi Register Read/Write 05
Interrupt Status Register Read 08
Basic Status Register Read 07

Figure 10. IO Registers
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Command Interface Registers (Hex 00 - 03)

The system uses these four 8-bit registers to transfer either a 32-bit
immediate command or the subsystem control block (SCB) address
from the system to the adapter. The immediate command or the SCB
specifies the operation to be performed by the adapter, and alse
specifies any necessary parameters.

Before the system writes an attention request code (1, 3, 4, or F) and
a device number to the Attention register, it writes an immediate
command or the SCB address to the command interface registers.
The adapter interrupts the system when the command is complsted.

The following figures show the relationship between the command
interface registers and the immediate command or the SCB address.

Command Interface Register Bits
15 14 13 12 11 18 9 &8 7 6 5 4 3 2 1 @

<.~ Command Register 1 ---> < Command Register 0 > Low SCB Address

<-- Command Register 3 ---> < Command Register Z > High SCB Address

Figure 11. Register Content for SCB

Command Interface Register Bits
15 14 13 12 11 18 9 8 7 6 5 4 3 2 1 @

<-- Command Register 1 --~-» < Command Register > Word O

<-- Command Register 3 ---> < Command Register 2 > Word 1

Figure 12. Register Content for Immediate Command

Micro Channel SCSI Adapter 13



Attention Register (Hex 04)

The systemn uses this 8-bit read/write register to request an adapter
operation. The value in this register specifies the operation and the
device. When a value is written to the Attention register, bit 0 {busy)
in the Basic Status register is set to 1. The busy bit remains set until
the adapter is ready for another attention request. This bit is usually
cleared within approximately 50 microseconds; however, if a Reset
command to the adapter is received, the busy bit remains set until the
adapter microprocessor has completed the reset sequence (up to 30
seconds).

With system interrupts disabled, the system must verify that the busy
bit is set to 0 before writing to the command interface registers or the
Attention register.

Bit Name
7-4 Request Code
3-0 Device Select Code

Figure 13. Attention Register

Bits 7 -4 The request code tells the adapter to perform a specific
action for the indicated device or adapter. The following
table provides additional information regarding request
codes.

Hex
Vaiue Description

Immediate Command
Start SCB

Start Long SCB

End of interrupt

Start Long SCB

MM G =

Figure 14. Request Codes
1 Requests the adapter to perform the immediate command
specified in the command interface registers.

3 Requests the adapter to perform the command, as
indicated by the SCB in system memory, at the 32-bit
address contained in the command interface registers.

14  Micro Channet SCSI Adapter



4 Requests the adapter to perform the command as
indicated by the long SCB in system memory. This
request can optionally be used to start a Send Other SCSI
GCommand SCB. If started with this code, the entire Send
Other SCSI Command SCB will be fetched at the same
time. If a Send Qther SCSI Command SCB is started by
request code 3, two control-block fetches are required to
get the entire command.

E Tells the adapter that the system has completed
processing the last interrupt. The adapter can issue
another interrupt to the system and reset its hardware
interrupt-request latch.

The end-of-interrupt (EOI) request is not the same as the
EOI instruction to the interrupt controller. The EQl
instruction is in addition to the EQl request code required
by the adapter to properly end an interrupt. To avoid false
interrupts, issue the EOI request to the adapter before
issuing the EOQI to the system interrupt controller. The
adapter requires 250 nanosaconds to clear the interrupt
request after issuing the EOI request.

F Same as 4.

The tollowing information refers to Figure 13 on page 14.

Bits 3-0 These bits specify the number of the logical device that
will perform the operation. The value of hex F specifies
the adapter and is used for global commands. The system
can change the number assigned to a SCS1 device through
the Assign command. When the adapter is reset, the
device assignments are set to their default values. For
further information, refer to Figure 18 on page 18.

Micro Channe! SCSI Adapter 15
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Basic Control Register (Hex 05)

This 8-bit read/write register controls various adapter functions.

Bit Symbol

7 Hardware Reset
6-2 Reserved

1 DMA, Enabie

0 Interrupt Enable

Figure 15. Basic Control Register

Bit7 When this bit is set to 1, the adapter hardware is reset.
The adapter stays in the reset mode until this bit is reset
to 0. This reset does not affect other devices on the SCSI
bus. POS information is not affected. When this bit is set
to 1, the system should not set this bit to 0 for at least 50
us. This bit must be set to 0 before setting either bit 0 or
bit 1 in this register to 1.

Bits 6 -2 These bits are reserved.
Bit1 When set to 1, this bit enables the adapter DMA controller.

Bit0 When set to 1, this bit enables interrupts to the system.

16 Micro Channel SCSI Adapter



Interrupt Status Register (Hex 06)

The adapter uses this 8-bit read-only register to return command
compietion information to the system. If the adapter interrupt is
enabled, a system interrupt (IRQ14) is generated when the adapter
updates the Interrupt Status register.

After receiving an interrupt, the system may read the Interrupt Status
register to determine the device and ID of the interrupt. The system
may clear the interrupt by issuing an EQl request. This register is
also updated after the adapter is reset. For more information see
“Resetting the Adapter” on page 20.

The adapter clears the Interrupt Status register only after an
end-of-interrupt request. This allows the program to read the
Interrupt Status register as many times as necessary to determine the
routine that will process the interrupt.

Bit Symbol
7-4 interrupt 1D
3-0 Device |D Number

Figure 16. Interrupt Status Register
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Bits 7 -4 These bits identify the type of interrupt, as shown in the
following table.

More information about interrupt status is available in the
command status block (see “Get Command Complete
Status” on page 36).

Hex Interrupt

SCB Command Completed with Success

SCB Command Completed with Success after Retries
Adapter Hardware Failure

Immediate Command Completed

Command Completed with Failure

Command Error (Invalid Command or Parameter}
Software Sequencing Error

TMmO»~NO

Note: All values not shown are reserved.

Figure 17. Interrupt ID Table

Blts 3-0 These bits identify the device reporting the interrupt.

§CSI 8CSi
Hex Physical Unit Logical Unit
Value Device Selected Numbar Number
[} Logical Device ¢ 0 0
1 Logical Device 1 1 0
2 togical Device 2 2 [+
3 Logical Device 3 3 [}
4 Logical Device 4 4 [
5 Logical Device 5 5 [+
] Logical Device € 6 0
7 Logical Device 7* Not Assigned Not Assigned
8 Logical Device 8 Not Assigned Not Assigned
9 Logical Device 9 Not Assigned Not Assigned
A Logical Device 10 Not Assigned Not Assigned
B Logical Device 11 Not Assigned Not Assigned
C Logical Device 12 Not Assigned Not Assigned
D Logical Device 13 Not Assigned Not Assigned
E Logical Device 14 Not Assigned Not Assigned
F Adapter . -
* The device number that is equal to the SCSI ID of the adapter is not assigned
after Reset. The default value for this SCSI1Dis 7.
** Logical Device 15 is reserved for the adapter.
Note: These assignments may be changed by POST.

Figure 18. Adapter Device Selection Defaults
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Basic Status Reglster (Hex 07)

This 8-bit read-only register returns adapter status information to the

system.
Bit Symbol
7-4 Reserved
3 Command Interface Register Full
2 Command Interface Register Empty
1 Interrupt Request
0 Busy

Figure 19. Basic Status Register

Bitse 7 - 4
BR3

Bt 2

Bit1

These bits are reserved.

This bit is set to 1 after all command interface registers
are loaded. It is reset to 0 when any one of these
registers is read by the adapter.

This bit is set to 1 after all command interface registers
are read by the adapter. It is reset by the adapter when
any one of the command interface registers is loaded.

This bit is set to 1 when the adapter is presenting an
interrupt to the system. This bit is cleared to 0 when an
EOI request code is written to the Attention register. This
bit will be set If an interrupt request is active, even if the
Basic Control register interrupt enable bit is set to 0. This
allows the adapter to operate without presenting hardware
interrupts to the system.

This bit is set to 1 when the Attention register is loaded or
when a hardware reset occurs. It is reset by the adapter
after the Attention register and command interface
registers have been read or the hardware reset is
completed. If a Reset command is issued to the adapter,
this bit is reset after completing the reset function and
before setting the command complete interrupt.
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Resetting the Adapter

When the adapter is reset, diagnostic routines are run to determine if
the adapter is functioning properly. The adapter can be reset by:

* CHRESET on the system channel going active.

+ Setting bit 7 (hardware reset) in the Basic Control register to 1.

+ [ssuing the Immediate Reset command to the adapter (device 15).
This command performs a soft reset of the adapter.

A soft reset occurs when the Reset command is issued to a SCSI
device or to the adapter (device 15). When the command is issued to
the adapter, the adapter activates the ‘reset’ signal on the SCSI bus,
which resets all devices on the bus and clears all pending
commands. When the command is issued to any other SCSI device,
only that device is reset.

A hard reset occurs when the system ‘reset’ signal (+ CHRESET) is
pulsed active, or when bit 7 in the Basic Control register is setto 1. A
hard reset does not reset the SCS| bus or any attached devices; it
does however reset the adapter.

Once the reset sequence is completed, results are posted in the
Interrupt Status register. After a hardware reset, bits 7 - 4 are set as
shown in the following table; bits 3 - 0 are always set to hex F.

Note: After a soft reset, hex AF indicates a successful reset; hex 7F
indicates a hardware failure.
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Hex Interrupt

No Error - Reset Completed

Microprocessor ROM Test Failed

Local RAM Test Failed

Power Protection Device Error

Microprocessor Internal Peripheral Test Failed
Buffer Control Chip Test Failed

Reserved

System Interface Control Chip Test Failed
SCS! Inlerface Test Failed

NGO N=O

Note: All values not shown are reserved.

Figure 20. Adapter Reset Status

If a failure occurs during the reset sequence, the adapter will accept
only a hard reset. This prevents accidental loss of data.

Command Processing

Four 8-bit command interface registers are used in conjunction with
the Attention register to issue commands to the adapter. The data
written to the command interface registers consists of either a 32-bit
immediate command, or a 32-bit address that points to a subsystem
control block stored in system memory. The data written to the
Attention register specifies the device select code and a request
code. The request code indicates if the command interface registers
contain an immediate command or a pointer to a subsystem control
block. See “System Interface” on page 27 for more information
about supported commands.

One command can be specified for each of 15 SCSI logical devices,
plus one global adapter command, tor a maximum of 16 overlapped
commands in progress. New commands can be issued even while a
data transfer is in progress for a previous command. If a command is
directed to a device with a command already in progress, the
command in progress is ended with a command sequence error, and
the new command is ignored. Before starting a command, make sure
bit 0 in the Basic Status register is set to 0, and the system interrupts
are disabled.
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The following flowchart shows the sequence for issuing a command.

System
Entry

> Disable System
Interrupts

Read Basic
Status Register

Enable System
Interrupits Yes

(To allow pending

interrupts to be
servicad)

No

Load Command
Interface Registers

Load Request Code
and Device Select
Code to Attention

Register

Enable System
Interrupts

Command
Issued

Figure 21. Issuing a Command
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The following flowchart shows the sequence for processing an interrupt.

Interrupt Received
from Adapter

Read Interrupt Status
Register to Determine Interrupting
Device and Status

Disable System
Interrupts

Read Basic
Status Register

Enable System
Interrupts

(To allow pending

interrupts to be
serviced)

Load EQOI Request Code and
Device Select Code to
Attention Register

Enable System
Interrupts

1

Interrupt Processing
Complete

Figure 22. Processing an Interrupt

Micro Channel SCSI Adapter 23



Note: If the busy bit has not cleared within 400 microseconds, the
application should perform time-out procedures. When an
adapter Reset command is in progress, allow up to 30 seconds
for the busy bit to clear.

Once a command is completed, the adapter interrupts the system by
loading the Interrupt Status register with summary status (the
completing device number and an interrupt ID). The adapter waits for
the EOI request before it issues another interrupt or changes the
contents of the Interrupt Status register.

When the system reads the Interrupt Status register, the interrupting
device number and status may be obtained. The Command Complete
status block contains more status information about the completed
command.

Note: To get the status block, use the Get Command Complete
Status command, or inspect the termination status block, if
available.

The system then loads the interrupting device number and the EQI
request to the Attention register. This tells the adapter that the
system has finished processing that interrupt.

Subsystem Control Blocks

The SCB commands relieve the system of transferring command
blocks to the adapter through programmed input and output. The
SCB specifies the desired command and associated parameters. An
SCB must begin on a doubleword boundary, and any address
translations, from virtual to physical, must be performed by system
software betore the SCB pointer is loaded into the command interface
registers. It 80386 virtual page mode is being used, system software
must also ensure that the SCB, data buffers, and termination status
block (TSB) areas are locked into memory. The SCB specifies the
desired command and associated parameters. When the SCB (or
chain of SCBs) has been performed by the adapter, an interrupt
request is issued to the system, The adapter presents only one
interrupt request at a time to the system.
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The foliowing figure shows the format of the subsystem control block

as it applies to device-related commands.

15 14 13 12 11 19 9 8 7 6 5 4 3 2 1 9
<---- Comnand Dependent ---> ND NS C5 C4 C3 C2 C1 CO
RD ES RE PT 0 S5 BBO 0 © 0 @ @ 0 OCH
L Least Significant Word ----===v------ >
Comrmmmmmeeee Most Significant Word ----------=---- >
Comammm Least Significant Word ==--—-------—-- >
Commcomomumas Most Significant Word -----====-r---- >
L Least Significant Word -------------- >
Qummmmrro—ae Most Significant Word --------------- >
L i Least Significant Word ---====------- >
L Most Significant Word ---------u----- >
Cammmcmmmm e Least Significant Word ---------v-—-- >
Cmrmmmmmee - Most Significant Word ---------=w--o- >
Cmmmmmm e Number of Blocks ---wsmewr----memom-—m >
L Block Size ===r--------m-ommmerooaoe- >

Remarks

Command Word
Enable Word

Logical Block
Address

System Buffer
Address

System Buffer
Byte Count

Termination Status
Block Address

Optional SCB Chain
Address

Block Count

Block tength

Figure 23. Subsystem Control Block Structure

A command is encoded in the first word of the SCB. The setting of
bits 15 - 8 of the first word depends on the specific command
identified in bits 5 - 0. If bit 7 (ND) of this word is set to 1, the adapter
will not disconnect the target device during command execution. If
bit 6 (NS) of this word is set to 1, the adapter will not send any

Synchronous Data Transfer Request messages to the target device.

The second word of the SCB is used to enable options that are used

to modify a specified command, as shown in the following table.

Bit Symbol Function

15 RD Input/Qutput Control

14 ES Report TSB Status Only on Error
13 RE Retry Enable

12 PT Peinter to List

10 88 Suppress Exception Short

9 BB Bypass Buffer

8-1 Reserved

0 CH Chain on No Error

Figure 24. Enable Options
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Bit 15 (RD) When this bit is set to 1, the adapter transfers data from
the SCSI device or adapter into system memory (read).
When this bit is set to 0, the adapter transfers data from
system memory to the SCSI device or adapter (write).

Bit 14 (ES) When this bit is set to 1, the TSB is transferred to
memory only if an error (Interrupt ID = C) is detected.
When this bit is set to 0, the TSB is always transferred.

Note: This bit should always be set to 1, unless the
command requires the TSB when no error
occurs; command performance is degraded by
unnecessarily writing to memory.

Bit 13 (RE) This bit is included for reference only. This bit is not
used nor checked by the adapter.

Bit 12 (PT) When this bit is set to 1, it allows a single command to
write data to or read data from several different areas in
memory {buffers) as specified in a list. This list
contains up to 16 pairs of values, each pair being a
32-bit address and its related 32-bit count. In the SCB,
the system buffer address field contains the address of
the list, and the system buffer byte count field contains
the length of the list in bytes.

BIt 10 (SS) When this bit is set to 1, it allows the amount of data
transferred on a read operation to be shorter than the
system buffer byte count, specified in the SCB, without
generating an error.

Bit 9 (BB) This bit is included for reference only. This bit is not
used nor checked by the adapter.

Bits 8 - 1 These bits are reserved.

Bit 0 (CH) This bit selects the type of chaining condition used in
command block transfers. When it is set to 0, chaining
is disabled. When command blocks are chained, the
SCB must contain the 32-bit address of the next SCB.
When this bit is set to 1, chaining will occur if the SCB
ends with no error.
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System Interface

The following is a list of supported commands.

Supported

. Device

- Command Hex Numbers Page
Type Command Code (Hex) Relerence
Immediate Abort OF 0—-F 28
Immediate Assign 0E F 29
8CB Device Inquiry 0B D—E 30
Immediate DMA Pacing Control oD F an
Immediate Feature Controf oc 0—-F 32
tmmediate Format Prepare 17 0—E 33
SCB Format Unit 16 0—E 33
SCB Get Command 07 0—-F 36

Comptete Status

SCB Get POS Information OA F 42
SCB Read Data 01 0-E 45
sCB Read Device Capacity 09 0—E 46
sCB Read Verify 03 0—E 47
5CB Reassign Block 18 0-E 48
SCB Request Sense 08 0—-E 49
Immediate Reset 00 0—F 53
SCB Send Other SCSI 1F 0~E 54

— SCB Write Data 02 0-E 55
SCB Write with Verify 04 0-E 56

Figure 25. Adapter Command List

Note: The hex code above represents bits 5 - 0 of the first command
word,
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The adapter maintains a Command Complete status block for each of
the command blocks. The command blocks are updated at the
completion of each command. This command status block can be
obtained by using the Get Command Complete Status Block
command. See “Command Complete Status Block” on page 36.

The format for each command is given following the associated
command.

Abort

This immediate command causes the logical device to immediately
end the command in progress and go to the bus-free state. This
command sends an identify message followed by an Abort message
to the device. An Abort command to the adapter clears an active
global command.

After the command is completed the system can request the status
block of the cancelled command. The status block shows the state of
the operation at the time it was ended.

The Abort command is issued only when the system has timed out
while waiting for the adapter to complete a command. In response to
this command, the adapter stops the current command and maintains
command status information. This information may be used to
determine where the command problem occurred. The adapter
interrupts the system when it has completed the Abort command.

Command Interface Register Bits
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 @ Remarks

0 0 @ 0 06 loooeoso01l111l1l Abort
€ s s m———— Reserved --------------ommoeee >

Figure 26. Abort Command
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Assign

This immediate command assigns a device number (0 to 14) to a
particular SCSI device. This allows any 15 SCSI devices to have

command processing active at one time. The Assign command must

be directed to the adapter (device 15).

When the SCSI device is assigned a device number, adapter retries
are enabled for that device number.

Notes:

1. A device cannot be assigned the same SCSI physical unit number

(PUN) as the adapter SCSI 1D set in POS Register 3.

2. A hardware reset sets all device number assignments to the
default value. See Figure 18 on page 18.

3. Device number assignments may be removed (devices 0 to 14 not

assigned) by issuing the Assign command, with bit 7 (R) of the
second word of the command biock set to 1.

4. If the device number being assigned to a SCSI logical unit (LUN)

has a command in progress when the Assign command is

received, the attachment will end the command with an error, and

the assignment will not be changed.

5. Only one device number can be assigned to a particular SCSI
device. If an attempt is made to assign more than one device

number to the same SCSI1 device, the command will end with an

error {Interrupt ID = C).

Command Interface Register Bits
15 14 13 12 11 18 ¢ 8 7 6 5 4 3 2 1 @ Remarks

@ 0 0 0 0 1 90 0 p OO 81110 Assign
Logical Physical  Adapter
<--- Reserved ---> <SCSI #> R <SCS] #> <Device #> LUN/PUN/DEV

Figure 27. Assign Command
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Device Inquiry

Through the SCB Device Inquiry command, the system determines
which SCSI devices are attached to the adapter, and specific
information about those devices. When the Device Inquiry data block
has been transferred, the adapter interrupts the system. Because the
iength of the returned data block is device-dependent, the system
should specify the amount of data to be returned. If this is not known,
then the system should specify the maximum value {255) and set the
suppress short exception (S8) bit to 1. After the Device Inquiry data
block is transferred to the specific address, the adapter interrupts the
system to indicate that the command is complete.

If 2 SCSI device is not attached at the assigned physical SCSI
address, the command-completed-with-failure interrupt will be
returned in the Interrupt Status register. The Command Complete
status will indicate selection time-out. If the SCSI logical unit number
is not supported by an attached SCSI physical unit, the device type in
the Device Inquiry data block is set to hex 7F by the SCSI physical
device.

151413121110 9 8 7 6 5 4 3 2 1 @ Remarks

9 00 1 1 1 0 DNDNS O 0 1 0 1 1 Device Inquiry
1ESRE @ 0S5 1 0 0 B 0 @ @ O OCH Enable Word
e Reserved -------mmmemmcmmmeeo >

e e Reserved ---re-re-cemccmammacaas >

Cmmemanman Least Significant Word —--——----- > System Buffer

L Most Significant Word ----------- > Address

R b Least Significant Word ---------- > System Buffer
ammmmmmana Most Significant Word —---——----- > Byte Count

B Least Significant Word ---------- > Termination Status Block
oo Most Significant Word ----------- > Address
Cmmmmmm e Least Significant Word ---——----- > Optional SCB Chain
Cmemmmam——— Most Significant Word ----------- > Address
e Reserved -----——-——---mmomeeeoeo >

L Reserved -------c-mccmcccmmaaeoo >

Figure 28. Device Inquiry Command
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Device Inquiry Data Block

Byte
0
1
2
3
4

5

15¢

7 65 4321898

<Peripheral Device Type>
RMB <- Type Qualifier ->
<]S0> <-ECMA-> <-ANSI->
€ Reserved ------ >
<= Additional Length -->

<-- Additional Data --->

<-- Additional Data --->

Remarks

Major Type

Removable Media Bit
Standards Compliance

# Of Bytes (N-4)

Additional
Inquiry

Data

ECMA - European Computer Manufacturer's Association
- International Standards Qrganization

Figure 29. Device Inquiry Data Block

For more information about the Device Inquiry data block, refer to the

American National Standards Institute SCS| Standard X3.131-1986.

DMA Pacing Control

This immediate command is issued to the adapter (device 15), and it
controls the pacing of DMA transfers by the adapter. The pacing
factor is specified as a percentage of the total bandwidth the adapter
is allowed to use. The acceptable range is 25 to 100 percent.

The pacing value is used until a new value is specitied, or until an

adapter power-on or Micro Channel reset occurs. A power-on or
Micro Channel reset will set pacing to 100% (no pacing).

Command Interface Register Bits

15 14 13 12 11 18 9 8 7 6 5 4 3 2 1 @ Remarks

P & 6 6 1 o0 e 0600021181 Pacing
--- Reserved --------—- > <---Pacing Factor --> Contregl

Figure 30. DMA Pacing Control Command
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Feature Control

This immediate command controls various features of the SCSI
adapter. The command time-out limit {in seconds} can be specified
through bits 12 - 0 of the second word of the command block. A value
of 0 prevents the adapter from timing out. The time-out for a
command defaults to 45 seconds upon an adapter hardware reset.
When this command is issued to the adapter (device 15), the
maximum SCSI bus synchronous-data-transfer rate allowed by the
adapter can be specified through bits 15 - 13 of the second word of
the command block. The following table describes the relationship
between the setting of bits 15 - 13 and the maximum data-transter
rate.

Bits Rate Specitied
15 14 13 (Mlillons of Byles per Secend)

00 5.00 (power-on default)
1 4.00
0 3.33
1 2.86
0 2.50
1
]
1

2.22
2.00
1.82

I - E=-X=]
B = I = I = ]

Figure 31. Device Data-Transfer Rate

When this command is issued to the adapter (device 15), the data rate
and time-out value applies to all devices. When this command is
issued to a device (device 0 - 14), the data rate control bits are
ignored and the time-out value applies only to the device to which the
command was issued.

Cosmand Interface Register Bits
15 14 13 12 11 18 9 8 7 6 5 4 3 2 1 @ Remarks

B 8 68 0 8 10 006 2 @ @ 11 908 Feature
Max SCS1 Control
< D-Rate » <--—— Command Global Time-out Value ---->

D-Rate - Transfer Rate

Figure 32. Feature Conirol Command
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Format Prepare

This immediate command acts as a format interlock to prevent
inadvertent data destruction. The Format Prepare command must be
issued immediately prior to the Format Unit command. If ancther
command is issued between the Format Prepare command and the
Format Unit command, the format is not performed and ends in an
error.

Command Interface Register Bits
15 14 13 12 11 18 9 8 7 &6 5 4 3 2 1 @ Remarks

e 0 @0 © 1 60 Q06810 111L Format Prepare
0 1 9118198610610 55AA

[N <]
—
(=)
—_

Figure 33. Format Prepare Command

Format Unit

This SCB command is used to format a storage device. Formatting
the storage device destroys all data. The device performs defect
management as specified in the command. Bits within the command
specify the source of the defect list and the use and disposition of any
defect list on the device.

151413121118 9 8 7 6 5 4 3 2 1 @ Remarks

0 0 0 1 11 @ OGNDNS © 1 6 1 1 @ Format Unit
GESRE D O 6 1 6 0 0 0 0 @ & OCH Enable Word

B Reserved ----> @ 0 OFDCL © 0 © Modifier Bits
. Interleave Factor -------—-we---mo > Interleave
S, Least Significant Word -=-=---—---- >  System Buffer
Comsmmmmman Most Significant Word ------s----- > Address
[, Least Significant Word ----------- > Defect List
. Most Significant Word -=---------- >  Byte Count
I Least Significant Word ----w-e---- > Termination Status
SR Most Significant Word -----------= >  Block Address
P Least Significant Word -~--------- » Optional SCB Chain
Cmmmmrm e Most Significant Word --w-=-cer-=x > Address
€ Mumber of Blocks =-----------—==== > Block Count
R Block $ize ——--—--===mmrm——m————n > Block Length

Figure 34. Format Unit Command
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The interleave factor used during the format operation is specified in

the control block. An interleave factor of 0 selects the device default.
A factor of 1 selects sequential numbering of logical blocks. All other
factor values are device dependent.

Modifier bits select options to be used during formatting and are
defined as follows:

FD

CL

Format Data: When this modifier bit is set to 1, the system
supplies a defect list for the format operation. The
structure of the list depends on the device being
formatted. The system buffer address points to the defect
list; the length is specified in the byte count. If this bitis
set to 0, no defect list is transferred to the device.

Note: Not all SCSI devices support the transter of a defect
list.

Complete List: |f the defect list is supplied, this bit
determines whether the supplied defect list is in addition
to, or replaces, the defect list already in the device. If the
bit is set to 1, any previous defect list is replaced.

Note: Only a defect list in the following block format is supported by

the adapter. See the ANSI SCSI Standard or specific device
specification for more information.
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~ Gh th b

Defect List Header
7 65 4 3 2108 Remarks

[ J— Reserved =---- >
P I—. Reserved -BF-->
Commne High Byte ---->
Ceomm Low Byte ----- >
Defect Descriptors
P High Byte ----> First
Cmmmmm—mmm—— e mmm——— > Defective Block
€ —ammm——— > Address
R Low Byte -~--- >
Cmmmm High Byte ----» Last
e cmmmmrm———mm———ram= » Defective Block
€ mmmm————m— > Address
Cmrm e Low Byte ----- >

Figure 35. Defect List Block Format

BF

Background Format: When this bit is set to 1, the device
performs a background format. If the device supports this
option, it checks the format of the command, then returns
a command status indicating good status, and starts the
format operation. If the device does not support the
option, it may return a command status block indicating a
check condition.

Commands received before completing the background
format are returned with a command status block
indicating a check condition. The Request Sense
command returns a sense key indicating that the device is
not ready and returns an additional sense code indicating
that a Format operation is in progress. The Request
Sense data block also shows the percentage of the format
completed.
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Get Command Compilete Status

This SCB command requests the Command Complete status block for
the last command executed on a specified device. When the status
block is transferred to the system, the adapter generates an interrupt
and updates the Interrupt Status register.

151413 12111¢ 9 8 7 6 5 4 3 2 1 @ Remarks
6 0@ 11106e 06000001171 Get Command Status
1ESRE 6 0 0 1 0 ¢ 0 68 0 @ @ OCH Enable Word
R Reserved -------c--cemmmmmmcao >
R ik Reserved -=---vmomomo oo >
G Least Significant Word ---------- > System Buffer
B Most Significant Word ------=---- > Address
6 ¢ 6000006606081 10610 System Buffer
¢ 6 00 00 06 00006000 Byte Count
B Least Significant Word ---=------ > Termination Status Block
R Most Significant Word --«-c-awe-- > Address
P Least Significant Word ---------- > Optional SCB Chain
L it Most Significant Werd ----------- > Address
L Reserved —-—ec-—w-mmanomaicmaaoo >
R Reserved ------=---commemmmeen >

Figure 36. Get Command Complete Status Command
Command Complete Status Block

The command complete status block is returned to the location
specified in the system buffer address field of the Get Command
Complete Status command. It contains the status of the last
command to a device. It is unchanged until another command is
issued to that device or until a reset occurs.

An optional termination status block is returned automatically
whenever an error (Interrupt ID = C) occurs. This allows command
complete status to be returned for error recovery. See Figure 24 on
page 25 for more information.

The command complete status block and termination status block
contain the same information.

Note: A Get Command Complete Status command returns valid
status information following a hardware error interrupt. For
errors (Interrupt ID = 7, E, and F) caused by hardware
problems do not use the termination status block; the adapter
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internally cancels a command at the point of the hardware
arror.

E NPV N o ]

ot

O o3 0 o

151413121118 9 8 7 6 5 4 3 2 1 @

Crmmmmeemme SCB End Status Word -----=s==c---- >
e Reserveg---==eev-—--mmmmemano oo caa >
B Least Significant Word ----------- >
Cmmmmmm e Most Significant Word —-—-e-ceeaen- >
R Least Significant Word---------—-- >
R et Mest Significant Word ---=seew=a-- >
0 0 60600 BO OO O O®OG6O60 1100

<-- Command Status --»<---- Device Status ---->
<-- Command Error ---»<---- Device Error ----- >
O Reserved --asm=e---o-e—mmmeeno—o-a >
L Reserveqd --------mamerm—moommooom- >
O Least Significant Word --=ae==---- >
O Most Significant Word --------«-== >

Remarks
SCB Status

Residual Byte
Count
Scatter/Gather
List

Element Address

Qevice Dependent
Status Length
Command Device
Status

Error Codes

Last SCB Address
Processed

Figure 37. Command Compiete Status Block

Word 0 - Subsystem Control Block End Status

Bit Function
15-13 Reserved
12 Major Exception Occurred
11 Device Not Initialized
10 Reserved
] Device Dependent Status Available
8 Additional Status Available
7 SCB Interrupt Queued
6 SCB Halted (Error/End Chain)
5 Long Record Exception
4 SCB Specification Check
3 SCB Rejected
2 Invalid Command Rejected
1 Short Record Exception
0 SCB Ended (No Error)
Note: The function indicated is true when the value of the bit is one. Reserved
bits are undefined.

Figure 38.

SCB End Status
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Word 1 - Reserved

Words 2 and 3 - Residual Byte Count: These words contain the
number of bytes that were not transferred.

Words 4 and § - Scatter/Gather List Element Address: These words
contain the address of the scatter/gather list element being used
when the command was ended.

Word 6 - Device Dependent Status Length: This word contains the

number of bytes of device status information that follow. This word is
set to hex 0C to indicate 12 bytes.
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