






















































































































































































































































































































































































































































































































































































































































































4.9.1 SELF-DIAGNOSTIC STATUS CODE SUMMARY

000 - Successful Completion. The chip executed all self-diagnostics following a reset and detected
no errors.
001 - Unconditional Branch Failed. The chip’s internal sequencer attempted an unconditional

branch and failed to reach the desired location.

010 - Data Register Full Failed. The chip attempted to set and reset the Data Register Full status bit
in the Interrupt Register and failed.

011 - Initial Conditions Incorrect. The chip detected one of its internal initial conditions in the
wrong state.

100 - Initial Command Bits Incorrect. The chip tested bits 6,4,2,1 and 0 of the Command Register
and found at least one was not zero.

101 - Diagnostic Flag Failed. The chip failed in its attempt to set and reset its internal diagnostic flag.

110 - Data Turnaround Failed. During self-diagnostics the chip attempts to flush several bytes of

data through its internal data paths. it also attempts to set and reset the Parity Error bit in the
Interrupt Status Register. This status indicates that one of these operations failed.

4.10 TRANSFER COUNTER (THREE EIGHT-BIT COUNTERS)

The Transfer Counter is comprised of three, eight-bit register/counters. It is used by the chip for Send,
Receive and Transfer commands that require more than a single byte of data to be transferred. It may
also be used with Select and Reselect commands to set a timeout for no response. To write to (read from)
the Transfer Counter, CS is activated with A3-A0 selecting a byte and then pulsing WR (RD). The
Transfer Counter is addressed as shown below.

A3 A2 A1 A0 SELECTED BYTE
1 1 0 0 Most Significant Byte
1 1 0 1 Middle Byte
1 1 1 0 Least Significant Byte

For Send, Receive and Transfer commands with single-byte not specified, the Transfer Counter specifies
to the chip the maximum number of bytes to be sent or received before interrupting. The Transfer
Counter must be loaded prior to issuing the command. When single-byte is specified, the chip neither
uses nor alters the Transfer Counter. To facilitate servicing interrupts for commands that use the
Transfer Counter, a bit is provided in the Auxiliary Status Register to indicate when the Transfer Counter
is zero.

For Select and Reselect commands, the Transfer Counter specifies the number of time intervals (1024
CLK periods) that the chip will wait before automatically aborting the command due to no response
(BSY) from the destination device. The Transfer Counter must be loaded prior to issuing the command.
If the Transfer Counter is loaded with all zeroes, the timeout logic in the chip will be disabled, and the
chip will not automatically abort the command due to no response.
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SECTION 5
COMMANDS

This section defines command format, types, codes and operation. Comménds are given to the chip by

loading the Command Register.

5.1 COMMAND FORMAT

The bits in the Command Register are defined as follows.

7 6 5 4 3 2 10

00000
00001
00010
00011
00100
00101

01000
01001
01010
01011
01100
01101
01110
01111
10000
10001

10011
10100
10101

10010~

L1 T [ | Command Code

Chip Reset
Disconnect

Pause

Set ATN

Message Accepted
Chip Disabled

Select w/ATN

Select w/o ATN

Reselect

Diagnostic Data Turnaround
Receive Command

Receive Data

Receive Message Out
Received Unspecified Info Out
Send Status

Send Data

Send Message In

Send Unspecified Info In
Transfer Info

Transfer Pad

Reserved (MUST BE A ZERO)
Single Byte Transfer

DMA Mode
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_BIT 7 DMA Mode This bit is applicable only for commands that use the Data
Register. When this bit is on (1), it indicates that data will be
transferred to (from) the Data Register using the DMA signals
DREQ and DACK. When it is off (0), the microprocessor must
monitor the state of the Data Register Full flag in the Auxiliary
Status Register. Data is then transferred by using the appropriate
input/output command.

BIT 6 Single Byte Transfer When on (1), this bit indicates that only one byte of data is to be
transferred for this command. The Transfer Counter will not be
used or altered by the chip. Therefore, for common single byte
message and status transfers, the Transfer Counter does not
need to be loaded prior to issuing a command with this bit set.
When this bit is off (0). the Transfer Counter is used by the chip
to determine the length of the transfer for the command.

BIT 5 Reserved This bit is not used and should always be programmed off (0).

BIT 4-0 Command Code These bits are used to specify the command to be executed.

5.2 COMMAND TYPES

There are two types of commands; Immediate and Interrupting. All of the Immediate commands, except
for Pause, cause immediate results within three clock cycles from the time the Command Register is
loaded. The Pause command is explained in a later section (See page 22, PAUSE). Interrupting commands
do not result in immediate action. Their completion is always flagged by an interrupt.

Command codes 00000-00111 specify Immediate commands. Immediate commands that are listed as
reserved, will be ignored if issued to the SPC chip. Command codes 01000-10101 specify Interrupting
commands. When one of these codes is loaded into the Command Register, a second Interrupting com-
mand code should not be loaded until after the interrupt has occurred for the first command. However,
an Immediate type command may be loaded before the interrupt for an Interrupting command occurs.
If a reserved Interrupting command code is issued, the chip will respond with an Invalid Command
interrupt.

20

1

F R F B &% KN

¥R

[ ]

| ]

e | .

L ] ¥ R =»

F£% s

B2 KR



|

-

& &

5.3 INVALID COMMANDS

The user of the chip can be in one of three states at any particular time: Disconnected, connected as an
Initiator, or connected as a Target. Commands are valid only in specified states. If an invalid Immediate
command is issued, the chip will ignore the command. If an Interrupting command is issued in an invalid
state, or a reserved Interrupting command code is issued, an invalid Command interrupt will result. The
exceptions are described below:

The microprocessor must never issue any interrupting type command when the chip is not expecting
such a command. Unpredictable results will occur in this case. The following is a list of user states in
which the chip is not expecting an interrupting command:

1. The chip is currently processing an Iinterrupting type command and has not yet set the interrupt to
signal the completion.

2. The chip is currently processing an Interrupting type command, a Pause command has been issued
but the Paused bit in the Auxiliary Status Register has not been set.

3. Thechip is connected as an Initiator, but the Target has not yet requested an Information Transfer.

4. The chip has completed a Transfer Info or Transfer Pad command and the Target has not requested
additional information or has not changed the information Phase.

In user states three and four, described above, the microprocessor must wait for a Bus Service, Dis-
connected, or Function Complete interrupt.

I an interrupting command is illegitimately issued in these states, no interrupt will occur forit,and it is
likely that the current function will be altered.

5.4 COMMAND SUMMARY

Below is a summary that lists all commands. In the table the following abbreviations are used.

INT = INTERRUPTING D = DISCONNECTED | = CONNECTED AS AN INITIATOR
IMM = IMMEDIATE T = CONNECTED AS ATARGET

COMMAND CODE COMMAND TYPE VALID STATES
00000 Chip Reset IMM DT
00001 Disconnect IMM LT
00010 Paused IMM D,T
00011 Set ATN IMM |
00100 Message Accepted IMM |
00101 Chip Disable IMM DIT

00110-00111 Reserved IMM
01000 Select w/ATN INT D
01001 Select w/o ATN ) INT D
01010 Reselect INT D
01011 : Diagnostic INT D
01100 Receive Command INT T
01101 Receive Data INT T
01110 Receive Message Out INT T
01111 Receive Unspecified Info Out INT T
10000 Send Status INT T
10001 Send Data INT T
10010 Send Message In INT T
10011 Send Unspecified Info In INT T
10100 Transfer info INT |
10101 Transfer Pad INT [

10110-11111 Reserved INT
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5.5 COMMAND DEFINITIONS
5.5.1 CHIP RESET

Chip Reset immediately stops any chip operation and resets all registers, counters, etc. on the chip.
It performs the same operation as the hardware “reset” input.

5.5.2 DISCONNECT

Upon receipt of this command, the chip immediately releases all SCSI bus signals and returns to a
Disconnected idle state. For the Target role, this is the normal method of disconnecting from the bus
when a transfer is complete. For the Initiator role, Disconnect may be used to release the bus signals
as a result of a timeout condition. in this case, the chip ignores the Target and is left in the Disconnected
state. For the Disconnected state, it is not valid to issue a Disconnect command. If issued, the chip will
ignore this command.

5.5.3 PAUSE

Pause is an Immediate command that is valid in the Disconnected state or when logically connected to
the bus as a Target device. Pause is not valid when connected as an Initiator.

When connected as a Target, the Pause command provides a means of halting a Send or Receive com-
mand without having to wait for the transfer to complete. When Pause is issued, it immediately sets a
flag in the chip. Within one byte transfer cycle, the chip recognizes the flag, aborts the Send or Receive
operation, and then sets the Paused status bit in the Auxiliary Status Register. At this time, the chip is
still connected to the bus in the Target role, and it is waiting for another command.

The Pause command stops the Send or Receive command in an orderly manner leaving the Transfer
Counter in a valid state that indicates the remaining number of bytes to be transferred. Also no REQ or
ACK is asserted on the bus and no data is left in the chip waiting to be transferred. An operation that is
paused may be resumed, if desired, simply by reloading the original command into the Command
Register. (Note: after issuing the Pause while executing Send or Receive, it is necessary to continue
transferring data with the chip (due to double-buffering) until the Paused status bit is set or an interrupt
occurs.)

When in the disconnected state, Pause may be issued to abort a Select or Reselect command. After a
Select or Reselect command is issued and before an interrupt occurs, a Pause command may be issued
to abort the operation. The Pause command immediately sets an internal flag. If the chip has not yet won
arbitration, it sets the Paused bit in the Auxiliary Status Register and waits in the disconnected state for
another command. If the chip has won arbitration, it releases the bus by dropping the two ID bits with
SELOUT on for a minimum of 100 us, checks for no BSYIN, and then releases the bus. After this pro-
cedure, it sets the Paused bit in the Auxiliary Status Register and waits for another command in the
Disconnected state.

Since Pause is an Immediate command, it does not cause an interrupt. As previously noted, the chip
sets the Paused status bit to indicate that is has been executed. If an interrupt-causing event occurs
before the chip sees the pause flag set, the chip will set the interrupt. In this case, the Paused status bit
is not set by the chip either before or after the interrupt. In all cases, an interrupt-causing event will
take precedence over Pause. For example, in the Target role if ATN is on when Pause is issued, a Bus
Service interrupt will occur and the Paused status bit will not be set.

If the Pause command is issued when the chip is Disconnected, the Paused status bit will be set by the
chip, provided it has not already detected a Selection or Reselection.
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5.5.4 SETATN

The Set ATN command causes ATN to be asserted immediately if the chip is connected as an Initiator.
This command is invalid and ignored if issued when the chip is Disconnected or is operating in a Target
role. The ATN signal is de-asserted in a Message Out phase when the transfer count becomes zero or
one byte has been transferred (in a one-byte transfer command) during the execution of a Transfer Info
command.

The chip automatically sets ATN in two cases:
1. lfaSelect wW/ATN command is issued and arbitration is won.

2. Ifaparity erroris detected on an input byte during execution of a Transfer info command.

5.5.5 MESSAGE ACCEPTED

The Message Accepted command is an Immediate command that is valid only when connected as an
Initiator. It is used after a Transfer Info or Pad command (See pages 29,30 TRANSFER INFO and
TRANSFER PAD) to indicate to the chip that ACK can be de-asserted for the last byte.

When an Initiator receives a message, a Transfer command is used. If the transfer is an input (/O = 1) and
the information is a message (MSG = 1, C/D = 1), the chip interrupts after receiving the last byte with
a Function Complete interrupt. For this one special case, the chip also leaves ACK asserted on the bus.
By interrupting and leaving ACK asserted, the chip gives the microprocessor a chance to interpret the
message and set ATN, prior to ACK being de-asserted. This allows the chip to properly request a Message
Out phase if the Initiator wants to send a “‘Reject Message’ to the Target.

Message Accepted must always be issued after a Transfer Info for a Message In phase, whether or not
Set ATN is issued, in order to have the chip de-assert ACK. If the Initiator wants to reject the message,
Set ATN would be issued first followed by Message Accepted. If the message is not to be rejected, only
Message Accepted is issued. (Note: until Message Accepted is issued, the Target will not send
another REQ since ACK is still asserted.)

5.5.6 CHIP DISABLE

Chip Disable immediately stops all chip operations and logically disconnects it from the circuit. All out-
puts will be placed in a high impedance state and the chip will not respond to any commands (other than
chip reset). The chip will also not respond to any activity on the SCSI bus. The only way to exit this
condition is to activate the “‘reset” input or issue a Reset command.
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5.5.7 SELECT w/ATN

This command causes the chip to attempt to select a Target. it may only be used if the microprocessor
is in the Disconnected state. Any attempt to issue this command in another state will result in an Invalid
Command interrupt. Before issuing this command, the microprocessor must load the Transfer Counter
for a timeout on the Target's response. This value is computed according to the following formula:

Transfer Counter = Desired Timeout/ (1024 x Clock Period)

If the Transfer Counter is loaded with the value zero, the chip will wait indefinitely for a response from the
Target being selected. :

The microprocessor must also load the Destination ID Register with the three-bit code of the Target to be
selected before issuing the Select w/ATN command.

When the chip detects the Select w/ATN command, it begins by attempting to arbitrate for control of the
SCSI bus. If, at any time during arbitration the chip becomes selected or reselected, the Select w/ATN
is aborted and forgotten and the chip will interrupt with one of the following conditions:

1. Selected
2. Selected and Bus Service
3. Reselected

If arbitration is won, the chip places the SCSI bus in the Selection phase with ATN asserted, and uses
the Destination ID Register to identify the desired Target. At the same time, the chip begins a timer based
on the value computed above. If the Target does not respond within the timeout period, the chip will
disconnect from the bus and interrupt with the Disconnected flag set in the Interrupt Register. (Note:
The microprocessor should never monitor the Transfer Counter Zero flag in the Auxiliary Status Register
to determine when a timeout has occurred.) If the Target responds within the allotted time, the chip will
interrupt with a Function Complete status. Control of the SCSI bus then belongs to the selected Target
and after the interrupt status has been read, another interrupt may occur indicating either that the Target
has disconnected or is requesting a transfer.

If the timeout is disabled and the Target does not respond, or if arbitration is not won, the only way to
abort the Select w/ATN command is to issue the Pause command. After the Pause comrnand is issued,
it is still possible that the Function Complete or Disconnect interrupts may occur. This happens if one
of the interrupts get set before the chip detects the Pause command, or if the Target responds while the
chip is sequencing off the SCSI bus in a timeout condition. If the chip does not set either interrupt, it will
set the Paused bit in the Auxiliary Status Register. If the microprocessor detects this bit after issuing the
Pause command, then it is assured that the chip aborted the Select w/ATN command and no connection
exists.

5.5.8 SELECT w/0 ATN

The Select w/o ATN is identical to the Select w/ATN command except that the ATN signal is not asserted
during the Selection phase.
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5.5.9 RESELECT

~This command causes the chip to attempt to reselect an Initiator. It may only be used if the micro-

processor is in the Disconnected state. Any attempt to issue this command in another state will result
in an Invalid Command interrupt. Before issuing this command, the microprocessor must load the
Transfer Counter for a timeout on the Initiator’s response. This value is computed according to the fol-
lowing formula:

Transfer Counter = Desired Timeout/ (1024 x Clock Period)

If the Transfer Counter is loaded with the value zero, the chip will wait indefinitely for a response from the
Initiator being reselected.

The microprocessor must also load the Destination ID Register with the three-bit code of the Initiator to
be reselected before issuing the Reselect command.

When the chip detects the Reselect command, it begins by attempting to arbitrate for control of the
SCSI bus. If, at any time during arbitration, the chip becomes selected or reselected, the Reselect is
aborted and forgotten and the chip will interrupt with one of the following conditions:

1. Selected
2. Selected and Bus Service
3. Reselected

If arbitration is won, the chip places the SCSI bus in the Reselection phase using the Destination ID
Register to identify the desired Initiator. At the same time, the chip begins a timer based on the value
computed above. If the Initiator does not respond within the timeout period, the chip will disconnect
from the bus and interrupt with the Disconnected flag set in the Interrupt Register. (Note: The micro-
processor should never monitor the Transfer Counter Zero flag in the Auxiliary Status Register to
determine when a timeout has occurred.) If the Initiator responds within the allotted time, the chip will
interrupt with a Function Complete status. The chip (acting as the Target) is then in control of the SCSI
bus, and waits for the Interrupt Register to be read by the microprocessor. After it has been read, the chip
waits for a command from the microprocessor or ATN from the Initiator. If the ATN occurs, the chip
will set the Bus Service interrupt. This interrupt may happen immediately after a command has been
issued due to internal timing. In this case, the chip waits for the Interrupt Register to be read and the
command is ignored. The chip then waits for a new command.

If the timeout is disabled and the Initiator does not respond, or if arbitration is not won, the only way to
abort the Reselect command is to issue the Pause command. After the Pause command is issued, it is
still possible that the Function Complete or Disconnected interrupts may occur. This happens if one
of the interrupts get set before the chip detects the Pause command, or if the Initiator responds while
the chip is sequencing off the SCSI bus in a timeout condition. If the chip does not set either interrupt,
it will set the Paused bit in the Auxiliary Status Register. |f the microprocessor detects this bit after
issuing the Pause command, then it is assured that the chip aborted the Reselect command and no
connection exists.
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5.5.10 DIAGNOSTIC (DATA TURNAROUND)

This Interrupting command causes the chip to attempt to turn a data byte around through its internal
data paths. When the command is loaded into the Command Register the Data Register IFull bit is reset.
The microprocessor then writes one byte into the Data Register. The chip moves the byte to another
register and compares the contents of the Data Register. The byte is then moved to a third register (the
SCSI output register) and good parity is generated if bit 6 of the command is off (0); bad parity is generated
if bit 6 is on (1). Finally, the chip moves the byte back to the Data Register and compares it with the con-
tents of the second register. Based on these comparisons and parity checking, the chip stores a result
into the Diagnostic Status Register and sets the Function Complete interrupt. After reading the Interrupt
Register, the microprocessor should make sure the Data Register Full bit is on (1) and read the contents
of the Data Register. If the Data Register Full bit is not on (0), then an error has occurred. The following

is a list of codes which are loaded into bits 6-3 of the Diagnostic Status Register as a result of this
command.

BIT 6543 RESULT
0001 Data Miscompare (INITIAL)
0010 Data Miscompare (FINAL)
0011 Good Parity Detected
0100 Bad Parity Detected
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5.5.11 RECEIVE COMMANDS

The Receive commands are Interrupting commands that are valid only when connected as a Target device.
They are used by the Target to receive commands, data, and message information from an Initiator.

The Receive commands transfer data; therefore, the Single Byte Transfer and DMA mode bits in the
Command Register are valid for these commands. If the Single Byte Transfer bit is off (0), the Transfer
Counter must be loaded before a Receive command is issued to the chip. In this case, the chip uses
the Transfer Counter to determine the number of bytes to receive.

When a Receive command is issued, the chip immediately resets the Data Register Full bit in the
Auxiliary Status Register. The chip then drives the /O, C/D, and MSG outputs for the proper information
phase as follows.

COMMAND NAME 110 C/D MSG

Receive Command

Receive Data

Receive Message Out
Receive Unspecified Info Out

[eNeNole
O = O =
- 4+ OO0

The chip then proceeds to request and receive the specified number of information byies. The DMA
mode bit in the Command Register determines how the chip transfers these bytes from its Data Register
to the microprocessor.

When a Receive command is terminated, the chip generates an interrupt. The following two events
can cause termination:

1. The operation completes successfully; the Transfer Counter is zero. This event results in é Function
Complete interrupt with the Parity Error bit in the Auxiliary Status Register off (0). If the initiator
activated ATN during the operation, the Bus Service bit will also be on.

2. A Parity Error occurs. The last byte transferred is the byte that caused the error. This event causes
a Function Complete interrupt with the Parity Error bit in the Auxiliary Status Register on (1). If the
Initiator activated ATN during the operation, the Bus Service bit will also be on.

After any of the interrupts, the chip is always left in the connected Target state. The Transfer Counter
indicates the number of bytes remaining to be transferred (zero if completed successfully, and the Data
Register is empty (the last byte received is sent to the microprocessor). Also, ACK and REQ are inactive
on the bus.

(Note: if a Bus Service interrupt alone occurs after issuing a Receive command, the Initiator activated
ATN before the chip began executing the command. In this case, the command is ignored by the chip.)

A Receive command may be stopped prior to an interrupt causing event by issuing a Pause command.
Operation of the Pause command is explained in an earlier section (See page 22, PAUSE). In the event
the Initiator does not respond, or stops responding, the chip is left in a state where it cannot respond
to a Pause command. For this case, a Disconnect command can be used to abort the command and
the connection. The Disconnect command is explained in an earlier section (See page 22, DISCONNECT).
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5.5.12 SEND COMMANDS

The Send commands are Interrupting commands that are valid only when connected to the bus in the
Target role. They are used by a Target to send status, data, and message information to an Initiator.

The Send commands transfer data, and therefore, the Single Byte Transfer and DMA mode bits in the
Command Register are valid for these commands. If the Single Byte Transfer bit is off (0), the Transfer
Counter-must be loaded before a Send command is issued to the chip. In this case, the chip uses the
Transfer Counter to determine the number of bytes to send.

When a Send command is issued, the chip immediately resets the Data Register Full bit in the Auxiliary
Status Register. Therefore, the first byte of data for the transfer cannot be put into the Data Register until
after a Send command is loaded into the Command Register.

in executing a Send command, the chip drives the /0O, C/D, and MSG outputs for the proper information
phase. These lines are logically driven for each Send command as shown below.

COMMAND NAME ]e) C/D MSG
Send Status 1 1 0
Send Data 1 0 0
Send Message In 1 1 1
Send Unspecified Info In 1 0 1

After resetting Data Register Full and driving /O, C/D, and MSG, the chip then proceeds to monitor
Data Register Full, take the data from the Data Register, and send it to the Initiator. The DMA mode bit
in the Command Register specifies how the data is loaded into the chip.

After interrupting, the chip is left in the connected Target state, and ACK and REQ are inactive on the
bus. When the transfer is complete, the chip interrupts with a Function Complete Interrupt. If the
Initiator activated ATN during the transfer, a Bus Service bit will also be set by the chip.

(Note: if a Bus Service interrupt alone occurs after issuing a Send command, the Initiator activated ATN
before the chip began executing the command. In this case, the command is ignored by the chip.)

A Send command may be stopped prior to an interrupt causing event by issuing a Pause command.
Operation of the Pause command is explained in an earlier section (See page 22, PAUSE). In the event the
Initiator does not, or stops responding, the chip is left in a state where it cannot respond to a Pause
command. For this case, a Disconnect command can be used to abort the command and the connection.
The Disconnect command is explained in an earlier section (See page 22, DISCONNECT).
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5.5.13 TRANSFERINFO

The Transfer Info command is an Interrupting command that is valid only when connected to the bus
in the Initiator role. It is used by the Initiator for all information transfers across the SCSI bus.

A Transfer Info command is issued by an Initiator in response to a Bus Service interrupt. The Bus Service
interrupt, as explained in a previous section (See page 14, INTERRUPT REGISTER), is received by the
connected Initiator upon the following conditions: receiving the first REQ from a Target, a previous
command has completed and the Target changes phases, the Target changes phases before termination,
or when a previous command has completed and the Target is requesting more information. It is not
valid to issue a Transfer Info command without having a Bus Service interrupt, because the Target re-
quests and controls all transfers. The chip will only permit one Transfer Info or Transfer Pad per Bus
Service interrupt.

After an Initiator receives a Bus Service interrupt, and prior to issuing a Transfer Info command, the 1/O,
C/D, and MSG bits from the Auxiliary Status Register (read prior to reading the Interrupt) should be ex-
amined to determine the type of information phase and the direction of transfer requested by the
Target. The Initiator then prepares for the transfer. if the Single Byte Transfer bit is not going to be set
in the Command Register, the Transfer Counter must be loaded prior to issuing the Transfer Info com-
mand. This is done in order to specify to the chip the maximum number of bytes to be transferred.

When a Transfer Info is issued, the chip immediately resets the Data Register Full bit in the Auxiliary
Status Register. For this reason, the first byte of data for an output operation cannot be loaded into the
Data Register until after the command is loaded into the Command Register. The chip then proceeds
with the transfer, expecting data to be read from (input), or written to (output), its Data Register as in-
dicated by the DMA Mode bit in the Command Register. The chip automatically detects the direction of
the transfer from the 1/O bit which is stored in the Auxiliary Status Register.

The chip continues a transfer until an interrupt causing event occurs. The following four events will
cause the chip to terminate and interrupt.

1. The maximum number of bytes specified have been transferred and the Target activated REQ or
the Information Phase changed. This event results in a Bus Service Interrupt. Either single byte
transfer was specified or the Transfer Counter is zero as indicated by a bit in the Auxiliary Status
Register. The Target may or may not have changed the information phase type. The 1/O, C/D, and
MSG bits in the Auxiliary Status Register need to be examined at the time of the interrupt to determine
what phase the Target is requesting.

(Note: due to early notification of the phase change, a phase may be selected spuriously and not
transfer any data. The microprocessor should not consider this an error condition.)

2. The Target changes the information phase type before the maximum number of bytes are transferred.
This event also causes a Bus Service interrupt. The new information phase may be determined by
examining the /O, C/D, and MSG bits in the Auxiliary Status Register. The Transfer Counter may be
read at the time of the interrupt to determine the number of bytes remaining to be transferred. When
this interrupt occurs for an output transfer, the chip may take one more byte from the microprocessor
than it transfers, because of pre-fetching. However, the Transfer Counter still reflects the number
of bytes remaining to be transferred. '

3. The Target releases the bus by dropping BSY. This event results in a Disconnected interrupt.
Following this interrupt, the chip is no longer in the Initiator role. It now remains in the Disconnected
state.

4. The last byte of a Message Input phase has been received. This event results in a Function Complete
interrupt. For this case, ACK is left active on the bus to allow the microprocessor to Set ATN for the
purpose of rejecting the message. After this interrupt is received and a Set ATN is issued (if desired),
a Message Accepted must be issued to turn off ACK for the last byte of the Message In phase.
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For input transfers (I/0 = 1), the chip checks parity for each byte received if the Parity Einable bit in the
Control Register is on. When checking parity and the parity error occurs, the chip activates ATN prior to
deactivating ACK for the byte that causes the error. It also turns on the Parity Error bit in the Auxiliary
Status Register. The parity error, however, does not result in an interrupt. The chip waits for one of the
four events listed above before interrupting. Therefore, the Parity Error bit should be examined-when
servicing any interrupt after issuing Transfer Info command for an input transfer.

If ATN is asserted by the chip, either because of a parity error or because a SET ATN command is issued,
the ATN will remain asserted until the end of the connection, or until a Message Out is transferred.
Therefore, during each cycle of a Transfer Info operation for output, the chip checks for a message phase
(C/ID = 1, MSG = 1) and also either a single byte transfer or the Transfer Counter set at zero. If these
conditions exist, the chip turns off ATN prior to activating ACK for the last byte of the message.

As previously stated, a Transfer Info normally terminates with an interrupt. If a Transfer Info command
must be aborted, possibly because of a timeout violation, either a Chip Reset or a Disconnect command
can be used. It is noted, however, that although these commands will force the chip into a disconnected
state, the Target device is left on the bus. A SCSI bus reset, which is not a chip function, is the only way
an Initiator can force a Target to disconnect.

5.5.14 TRANSFERPAD

The Transfer Pad command is an Interrupting command that is valid only when connected to the bus as
an Initiator. It is similiar to the Transfer Info command except that the data transfer between the chip
and the microprocessor bus will be different.

Transfer Pad can be used by an Initiator to continue handshaking with a Target without giving data to,
or taking data from, the chip. This may be useful if the Target requests an invalid Information Transfer
Phase. The chip operates in the same manner as it does for a Transfer Info command, except that for
output transfers it takes only one byte of data from the microprocessor and sends the same byte repeat-
edly until the transfer terminates. For input transfers, it accepts data from the SCSI bus but does not
check parity or send it to the microprocessor. Though data is not exchanged with the microprocessor
bus, the Transfer Counter is still used by the chip so that a maximum number of pad bytes c¢an be specified.

Protocol for using a Transfer Pad command is the same as the Transfer Info except that the DMA Mode
bit has significance only for output transfers. The Transfer Pad terminates because of the same four
events that cause a Transfer Info command to terminate. Also, similar to the Transfer Info command,
Chip Reset and Disconnect can be used to abort the command.
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SECTION 6
BUS INITIATED FUNCTIONS

6.1 SELECTION

If the Select Enable bit in the Control Register is on, the chip may be selected by another SCSI device to
be a TARGET for an I/O operation. Selection occurs in the chip only if all the following conditions exist:
SELOUT = 0,BSYIN = 0,SELIN = 1,1/0 = 0, the chip’s ID bit is asserted by the selecting device on the
data bus, no more than one other ID bit (the Initiator’s) is asserted on the data bus and data bus parity
is good. ’

When all of these conditions exist, the chip is selected. It then encodes the Initiator’s ID and loads it
into bits 2-0 of the Source ID Register. The chip also detects whether or not the Initiator asserted its ID
during selection, and either sets or resets the ID Valid bit in the Source ID Register.

The chip then asserts BSYOUT, waits for SELIN to turn off, and proceeds to take one of the following
actions as a result of being selected:

1. If ATN is not asserted by the Initiator during selection, the chip generates a Selected interrupt
indicating that the chip is connected as a Target.

2. If ATN is asserted, the chip simultaneously generates Selected, and Bus Service interrupts, indicating
that the chip is connected as a Target and ATN is asserted.

6.2 RESELECTION

If the Reselect Enable bit in the Control Register is on, the chip may be reselected by a SCSI Target
device. Reselection occurs only if SELOUT = 0, SELIN = 1,BSYIN = 0,1/0 = 1, the chip’s ID bit and the
Target’s ID bit are asserted on the data bus, no other ID bits are asserted, and data bus parity is good.

When all of these conditions exist, the chip is reselected. It then encodes the Target’s ID and loads it into
the Source ID Register. The chip also sets the ID Valid bit in the Source ID Register.

The chip then asserts BSYOUT and waits for SELIN to be released by the Target. When the chip
detects SELIN = 0, it de-asserts BSYOUT and then generates a Reselected interrupt.

Reselection is now complete and the chip is in the connected Initiator state.
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SECTION 7 e
INITIALIZATION .
"
. N
The SCSI device may be initialized by asserting RST for a period of at least 100ns, or by issuing a Chip .
Reset command to the device. The NCR 5385E will respond to the RST puise or the Chip Reset h
command, by immediately disconnecting from the SCSI bus, initializing all storage elements and exe-
cuting an internal self-diagnostic program. The self-diagnostic is explained in a previous section (See
page 17, Diagnostic Status Register). The following table lists the status of all registers after the E
initialization procedure.
76543210 E
DataRegister .......... ...t X X X X X X X X
CommandRegister................c ... 0000O0O0O0O .
ControlRegister..............oiiiiiiiiinan... 000000O00O0
Destination IDRegister ......................... 000000O0OO .
Auxiliary Status Register........................ 00xxx010
IDREGISter. .. .\t .00 000 x x X s
Interrupt Register. .............cooiiiiniinnann. 00000000 -
SourceRegister............. ..t 00000111
Diagnostic Status Register...................... 1 XX X X X X X .
Transfer Counter (MSB).......... e 00000000O -
TransferCounter{2nd) .................cooa... 00000O0O00O0 ,
TransferCounter (LSB). . ..o ovoeeie .. 00000000 " -
x = Unknown -

TABLE7.1 REGISTER INITIALIZATION

E R [ B

The controlling processor should loop on reading the Diagnostic Status Register until the Self-Diagnostic

Complete bit (bit 7) is on (1). This should take approximately 5350 clock cycles after reset occurs. The pro- f

cessor should then check the remaining bits in this register for all zeroes (no errors), ard then load the -

Control Register enabling the proper bits to begin operation. The SCSI Protocol Controller is now

connected to the SCSI bus in a disconnected state. It is ready to receive commands from the controlling -

processor or respond to (re) selection attempts. .
.
-
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SECTION 8
EXTERNAL CHIP TIMING

Timing requirements must be over the operating temperature (0-70°C) and voltage (4.75 to 5.25V) ranges.
Loading for all output signals, except SBEN, is assumed to be four low-power Schottky inputs, including
50 pF capacitance. Loading for SBEN is assumed to be ten low-power Schottky inputs, including
100 pF capacitance.

8.1 MICROPROCESSOR INTERFACE

8.11 CLK
NAME DESCRIPTION MIN MAX UNITS
tcp Clock Period 100 200 ns
tcH Clock High .45 tcp .55 tcp
tcL Clock Low A5tcp .55 tcp
ec- tce
CLK /|
< — t CH tcu

8.1.2 RESET
NAME DESCRIPTION MIN TYP MAX UNITS

tRST Reset Pulse Width 100 ns

r URST

RST 7
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8.1.3 MPUWRITE

NAME DESCRIPTION MIN TYP MAX UNITS
tASW Address Set-up Time 0 ns
twR WR Puise Width 95 ns
tow Data-to WR High 50 ns
tAHW Address Hold Time 0 ns
tDHW DataHoild Time 20 ns
twey WR Off to WR or RD On 125 ns

DACK

CS, A0-A3 _%X' K

— tASW‘? t WR AHW; 1

WR L = twcveTﬁ—

D0-D7

X
k——— 1DW ———— j&——— t DHW
8.1.4 MPUREAD

NAME DESCRIPTION MIN TYP MAX UNITS
tASR Address Set-up Time to RD 0 ns
tRD RD Pulse Width 125 ns
tDR RD to Data 90 ns
tAHR Address Hold Time 0 ns
tDHR DataHold Time - 10 ns
tRCY RD Off to WR or RD On 125 ns

DACK

CS, AG-A3 | &

L —> tASRféé— - t anRD

RD

N wé— t RCY —J\—-
DO-D7 X 'L
et on——al —3 t DHRIE———
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8.1.5 DMA WRITE

NAME ~ DESCRIPTION MIN TYP MAX UNITS
tocRQL | DACK to DREQLow 0 40 | ns
tocw DACK to WR 0 ns
twR WR Pulse Width 95 ns
twDC WR High to DACK High 0 ns
tDHW Data Hold Time 20 ns
tpw Data to WR High . 50 ns
cs
prea —/ Y
lDCHQL—'—-Bl
DACK \j /[
be— tocw— —>{ 1WOC he—
WR x{e twr ﬁ;?_——"-
DO-D7 D& I
ln&-tow——) j<—l  torw

8.1.6 DMAREAD

NAME DESCRIPTION MIN TYP MAX UNITS
tDCRQL DACK to DREQ Low 0 40 ns
tDCR DACKtoRD 0 ns
tRD RD Pulse Width 95 ns
tRDC RD High to DACK High 0 ns
tDHR Data Hold Time 10 ns
tDR . RD to Data | 80 ns

DREQ / \

<— t DCRQL —>>{

DACK \ 4

_ f<— tDCR—3 —> tROC ke

RD \ﬁ trRD

DO-D7 X D

p=—— ton——)’ —3>{ tDHR LE—
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8.1.7 INTERRUPT
NAME ~ DESCRIPTION MIN TYP MAX UNITS
tiR INT to RD 0 ns
tRD RD Pulse Width 95 ns
tRi RD High to INT Low 125 ns
ticy INT Off to INT On 125 ns

INT 4
tiR

J— t RO

t_\;r:tc—_;]/

V
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8.2 SCSIINTERFACE

8.2.1 SELECTION (INITIATOR)

" NAME DESCRIPTION MIN TYP MAX UNITS
tBF Bus Free 385 ns
tBIA(5) BSYIN low to ARB high 1.2 2.6 us
tsLA SELOUT high to ARB low & ID bit Disabled 3.2 us
tBIBO (5) BSYIN low to BSYOUT high 1.2 2.8 us
tBCD Bus Clear Delay 225 ns
taAD Arbitration Delay 3.0 us
tpc Priority check to SELOUT 0 ns
tBID (5) BSYIN low to ID bit high 1.2 2.9 us
tapv Arbitration Data Valid to Priority Check 0 ns
tsi SELOUT to IGS 2.0 us
tipBL Target ID high to BSYOUT low 1.1 us
tBOBI BSYOUT low to BSYIN low 0 400 ns
tBsSL BSYIN high to SELOUT low 800 ns
tpiD SBEN active to Bus enabled 150 ns

NOTES:

1. The chip ensures that the bus remains free (BSYIN and SELIN inactive) for tBF before
attempting arbitration.

2. If SELIN becomes active at any time during arbitration, the chip must deassert BSYOUT
within tBCD. '

3. The chip waits (tAD), and then checks to see if arbitration is won (tPC). The chip then
asserts SELOUT if arbitration is won.

4. One of the data bits is assigned as an 1D bit by the IDO-ID2 signals. During Bus Free,
the chip places all of the data bits, including ID, in a high impedance state. During
arbitration the chip enables its ID bit and drives it high, but the remainder of the data
bits remain in the high impedance state for reading.

5. To verify these timings in a test environment, the user must allow a minimum of 45

clock cycles after the select command has been issued before the device begins to
check for BSYIN low.
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8.2.1 SELECTION (INITIATOR)

[ g |

-

T m

R F R ¥wm

Fa

= sn#’] —> [E— tSLA

ARB /4
' > -2 r‘ tsosi

BSYIN N\ 7 \/

k< t8FBO .
BSYOUT  \\ A ]

ag!} taco}<— > je=tisL
f LA 4
SELIN \| ¥ L
-t ADS™ tpCjE— tasL->m =
SELOUT ®
t BID -5n
SBUD)  Z///, e 1l N/
@ [=—
SB0-7,SBP”////, weun  //////Xvauoaneun W'TARGEHD(OUTPUD 42222
(Except ID) t ADV S b b=t 51 S =~ t 1AH
IGS
—> € towo
TGS
ACK (NPUT) '\ {OUTPUT)
ATN (INPUT) I( (OUTPUT)
SBEN
- € to
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# 8.22 SELECTION (TARGET)

&

NAME DESCRIPTION MIN TYP MAX UNITS
TsBI SELIN high to BSYIN low 50 ns
1{[s]:]} ID’s valid to BSYIN low 0 ns
tiosl 1/0 low to BSYIN low 0 ns
tBIBO BSYIN low to BSYOUT high 0 2.0 us
tBODH BSYOUT high Data Hold 0 ns
tBOSH BSYOUT high SELIN Hold 0 ns
tASI ATN high to SELIN low 0 ns
tsio SELIN low to Phase signals Enabled 150 ns
toT Phase signals enabled to TGS High 150 ns
tpBD SBEN low to Data Bus Enabled 150 ns
ARB
BSYIN \___/
j<— t Si—=x 1t BIBO jp=—
BSYOUT
= t BOSH —2>»
SELIN
e{ tioBl p=— t BODH f=—

sB0-7, SBP™////////X BatteRs e X7/ wet 777X
=N tsig |je

TGS /

as > e,

t 081 p=—
110 §SS§§§§E§§| (INPUT) K  outpur

<t s
ATN |
CID, MSG weun ///////7///P—<  outeur
SBEN —=] toso F_'
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8.2.3 RESELECTION (INITIATOR)

NAME DESCRIPTION MIN TYP MAX UNITS
tsBl SELIN high to BSYIN low 50 ns
tipsli ID's valid to BSYIN low 0 ns
tios! I/0 high to BSYIN low 0 ns
tBIBO BSYIN low to BSYOUT high 0 2.0 us
tBODH BSYOUT high Data Hold 0 ns
tBOSH BSYOUT high SELIN Hold 0 ns
tBOIH BSYOUT high 1/0 hold 0 ns
tsiBO SELIN low to BSYOUT low 0 ns
tsaA SELIN low to ACK & ATN enabled 750 ns
tAAIl ACK & ATN enabled to IGS high 150 ns
tipB 1/0 low to SBEN low 0 ns
tpDBD SBEN low to Data Bus Enabled 150 ns

ARB

BSYIN \ /

= tSBI->» t BIBO je=-
BSYOUT &
=—t BOSH—2x{t SIBO <
SELIN.
t 1081 > - -S4t BODH}=—
sB0-7, SBP///// /X Wacti st o XA/ /1K .
<~ t DBD
TGS
=™ |etsaa
IGS
=3 tiosijE -39 tBoH p&-
110
-

ATN (INPUT) -; s {ouTPUT)

ACK (INPUT) ,-P (OUTPUT)

SBEN N

¢ tioB >
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8.2.4 RESELECTION (TARGET)
NAME DESCRIPTION MIN TYP MAX UNITS
tBF Bus Free 1 385 ns
tBIA (5) BSYIN low to ARB high 1.2 2.6 us
tsLA SELOUT high to ARB low & ID bit Disabled 3.2 us
tBIBO (5) | BSYIN low to BSYOUT high 1.2 2.8 us
tecD Bus Clear Delay 225 ns
taD Arbitration Delay 3.0 us
tpC Priority check to SELOUT 0 ns
tBID (5) BSYIN low to ID bit high 1.2 29 us
taDv Arbitration Data Valid to Priority Check 0 ns
tso SELOUT Phase signals Enabled & SBEN Low 2.4 us
toT Phase Signals Enabled to TGS High 150 ns
tpip SBEN low to Bus Enabled 150 ns
tipBL INITIATOR ID high to BSYOUT low 2.7 us
teoB!I BSYOUT low to BSYIN 0 400 ns
tBIBO BSYIN high to BSYOUT high 0.7 2.0 us
tBSL BSYOUT high to SELOUT low 450 ns

NOTES:

1. The chip ensures that the bus remains free (BSYIN and SELIN inactive) for TBF before
attempting arbitration.

2. If SELIN becomes active at any time during arbitration, the chip must deassert BSYOUT
within tBCD.

3. The chip waits (tAD), and then checks to see if arbitration is won ({PC). The chip then
asserts SELOUT if arbitration is won.

4. One of the data bits is assigned as an ID bit by the IDO-ID2 signals. During Bus Free,
the chip places all of the data bits, including ID, in a high impedance state. During
arbitration the chip enables its ID bit and drives it high, but the remainder of the data
bits remain in the high impedance state for reading.

5. To verify these timings in a test environment. the user must allow a minimum of 45

clock cycles after the select command has been issued before the device begins to
check for BSYIN low.
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8.24 RESELECTION (TARGET)

j=— tBIA —_
ARB |/
®

=— tSLA

—>> I€-— t BoB!

>{ teF
BSYIN w IE-W

< {BIBO ->»

\—L tBIBO

BSYOUT OB \
) > t BCBF—— HIDBL S—b
SELIN i L
SELOUT = té tPT t BSL j)é—
SB(ID) 7//// (uneum Y/ - (!)UTPUTl) w@Z
et/ S/ ), Gk ("o X7
TGS
-3 tso —™ — tgr
C/D, MSG, (INPUT) OUTPUT
REQ |
1o A R A AN
§§Eﬁ toi
||
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8.2.5 INFORMATION TRANSFER PHASE INPUT (INITIATOR)
NAME DESCRIPTION MIN TYP MAX UNITS
tDVRH Data Valid to REQ high 0 ns
tgRI Phase Valid to REQ high 100 ns
tRAH REQ high to ACK high 0 ns
tRAL REQ low to ACK low 0 ns
tAA ATN high to ACK low 100 ns
tsg SELIN low to Phase change 0 ns
tgH Phase hold from ACK low 20 ns
tADH Data hold from ACK high 0 ns
tARL ACK high to REQ low 35 ns
tiops I/0 high to SBEN high 50 ns
tDZDB Data Bus disable from SBEN high 10 ns
tARH ACK Low to REQ High 35 ns
NOTE 1: If the chip detects a parity error it must assert ATN at least toapbefore it de-asserts ACK.
4 \ r -
REQ J,‘<———— t Ran ———— L——J
tRaL—> &=
—>¢ be— tovan ® € tar SYtgn <
ATN £
€t ADHA
ACK j - t ARH—
js—— t AA
SBO-7, SBPIIIIIIII— VALID DATA (INPUT) XU
SELIN ) m o
BSYIN
IGS
TGS
- tse
<< 1t @RI
110 L
c/D XXX
|
MSG NN AN
-] j=—t 1008
SBEN \
ARB
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8.2.6 INFORMATION TRANSFER PHASE INPUT (TARGET)

MIN TYP MAX UNITS

NAME DESCRIPTION

tsg SELIN low to Phase Change 0 ‘ ns
tgrRO Phase Change to REQ out 500 ns
tRAH REQ high to ACK high 35 ns
tARL ACK high to REQ low 0 ns
tDVA Data Valid to ACK high 0 ns
tRAL REQ Iow to ACK low 35 ns
tARH ACK low to REQ high 0 ns
tRLDH REQ low Data Hold 0 ns
tgHA Phase Hold from ACK low 0 ns
tpBIO SBEN high to 1/0 low 0 ns
tpzDB Data Bus disable to SBEN high 0 ns

REQ | | E /[
t gro —> tRAH=2eS— t ARL tRAL=3 tARH he—

ACK \
ATN [/////'/7/4{1/{4/;‘/////////4/#&/é{D/H///ﬂ
SBO0-7, SBP { vaio XN 77777777
SELIN ]

BSYOUT

TGS

1o \;91\ \j&—-lsﬂ‘ > - t ZHA /
o) W\

MSG NN

SBEN >{| = toso

ARB e tome
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8.2.7 INFORMATION TRANSFER PHASE OUTPUT (INITIATOR)
NAME DESCRIPTION MIN TYP MAX UNITS
toRI Phase Valid to REQ high 100 ns
tRAH REQ high to ACK high 35 ns
tRAL REQ low to ACK low 0 ns
tpva Data Valid to ACK high 100 ns
tRLDH REQ low Data hold 0 ns
toH Phase hold from ACK low 20 ns
tARL ACK high to REQ low 0 ns
tioDB 110 low to SBEN low 0 ns
tDBE SBEN low to Data Bus Enable 85 ns
tDBA SBEN low to ACK high 185 ns
tRATL REQ High to ATN low 0 ns
tATLA ATN Low to ACK High 25 ns
tARH ACK Low to REQ High 35 ns

NOTE 1: ATN is only de-asserted in this manner during the last byte of a Message Out Phase.

—

)<— tRATL

REQ

ATN

tRAH —>

S tARL

-\

—

t RAL

t ARH —2

tova ﬂ

¥ tATLA T

=—

—3» t gH

=

/

ACK

sB0-7, sep 21D

—>

tRLDH =

-\

VALID DATA

XUTTIK

BSYIN <— t DB ——>

IGS é———— toBA

TGS

—_—

—>

t @RI
110

724

N

C/D

MSG

'€t 10D8B

SBEN

ARB

4

5



8.2.8 INFORMATION TRANSFER PHASE OUTPUT (TARGET)

NAME DESCRIPTION MIN TYP MAX UNITS
tsg SELIN low to Phase Change 0 ns
tiopB I/0 high to SBEN low 500 ns
tDBR SBEN low to REQ out 185 ns
tDvA Data Valid to REQ high 100 ns
tRAH REQ high to ACK high 0 ns
tARL ACK high to REQ low 0 ns
tRAL REQ low to ACK low 0 ns
tARH ACK low to REQ high 0 ns
tgHA Phase hold from ACK low 0 ns
tADH Data hold from ACK low 0 ns
tDBE SBEN low to Data Bus Enabled 85 ns

REQ" y<— toeR

ACK

-jtovnk tRAH] tmm.h t RAL 34
/ \

|

t ARH

ATN AN

507, 557 ITINRR N —

SELIN 7\ —>] toee

—>| e-tapn

-

BSYOUT

TGS

< t PHA

110

C/iD

MSG

I \\\\\\\

SBEN

ARB
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# 8.2.9 BUSRELEASE FROM SELECTION (INITIATOR)

4
. NAME -DESCRIPTION MIN TYP MAX UNITS

¥

H tTOD Bus Release Timeout Delay 100 us
tiDpOD IGS & SBEN Turn-off Delay 0 ns

| tsoD SELOUT Turn-off Delay 0 ns

j tpos Driver Turn-off set-up to IGS & SBEN oft . 0 ns

3

]

NOTE 1: If the chip detects BSYIN active by the end of the timeout delay, the bus release sequence
shall be aborted since selection has been successful.

-
E
- BSYIN 0) /77777777777 777777777777 77,
* BSYOUT
]
SELIN —\
SELOUT '
- b= 11000 — 1 soD %
A IGS le———1tt00 — 5 —=utoosies
- SBO'7 SBP (21D's) \ ouT —( IN
= ATN ouT _L IN
- ACK —___W
h SBEN
[ ]
ARB
3
-
:i
-
|
-
|
-
|
-
.
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8.2.10 BUS RELEASE FROM RESELECTION (TARGET)

NAME - DESCRIPTION MIN TYP MAX UNITS
tToD Bus Release Timeout Delay 100 us
tpoD TGS & SBEN Turn-off Delay 0 ns
tsoD SELOUT Turn-off Delay 0 ns
tpos Driver Turn-off set-up to TGS & SBEN off - 0 ns

NOTE 1: If the chip detects BSYIN active by the end of the timeout delay, the bus release sequence

shall be aborted since reselection has been successful.

BSYIN ® (7777777777 77777777 777777
BSYOUT

SELIN

SELOUT b= t TDOD ..9‘ t sop

TGS le— ttop —>> > t posle——

SB0-7, 58P OUT(DS) out N
110 out ~ S
MSG, C/D ool ~ -
REQ out gl IN
SBEN

ARB
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8.2.11 BUS RELEASE FROM INFORMATION PHASE (INITIATOR)
i
[

- NAME DESCRIPTION MIN TYP MAX UNITS
" tiDB IGS & SBEN Turn-off Delay from BSYIN off 225 ns
a‘ tDOS Driver Turn-off set-up to IGS off 0 ns
[ 4 _

h
-
1
-
1 _—
-1 BSYIN N\
3 BSYOUT
-
SELIN
3
= SELOUT
je=——— t 1DB —1
i IGS }
-
SBO0-7,SBP___OUTORIN —1——< N
3 -e.l toos pe—
- ATN out D s N IN
—>ltDOS o

3 ACK out 3———\ IN
- t DOS pes—
1 SBEN

|
- ARB

1
[

1
.
b
.

q
-

49




8.2.12 BUS RELEASE FROM INFORMATION PHASE (TARGET)

NAME " DESCRIPTION MIN TYP MAX UNITS
tTDB TGS & SBEN Turn-off from BSYOUT off 225 ns
tDOS Driver Turn-off set-up to TGS off 0 ns
BSYIN \
BSYOUT ’\
SELIN
SELOUT
p=— t ToB =
TGS \
$B0-7,SBP OUT oRIN o< IN
—34 t DOS pe—
REQ ouT — IN
—91 t DOS pe=—
110, CID
MSG out 21——-——-\ IN
_ =»{ t DOS je=—
SBEN
ARB
50
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SECTION 1
GENERAL INFORMATION

The NCR SCSI Protocol Controller is capable of operating as either an Initiator or a Target, and can therefore
be used in host adapter and control unit designs. The purpose of this manual is to-assist the user in the design of
these SCSI bus devices.

Sections 2 through 5 discuss the software required to control the device. Sample flowcharts and step-by-step
walk-through's demonstrate the required routines for both the Initiator and Target roles. Additionally, the interrupt
service routines presented in Section 5 cover all possible interrupting conditions for the Connected as Initiator,
Connected as Target and Disconnected states.

Section 6 describes the inteface required between the NCR 5385E/86 and SCSI bus for both Single-Ended and
Differential-Pair operation, and provides sample schematics for each.

This design manual is not an scsl specification and assumes some prior knowledge of the SCS! proposed stan-
dard. Copies of the proposed standard may be obtained, with a pre-payment of $20, from:

X3 Secretariat, Computer and Business Equipment
Manufacturers Association

311 First Street, NW, Suite 500

Washington, D.C. 20001

Please include a self-addressed mailing label.

1.1 ADDITIONAL DOCUMENTATION
Other documents which may be useful are:
» NCR 5385 SCSI Protocol Controller Data Sheet (MC-704)

e NCR 5380 SCSI Interface Chip Design Manual

e SCSI Engineering Notebook

These documents may be obtained from your local NCR Microelectronics sales representative or from:

NCR Microelectronics

Logic Products Marketing
1635 Aeroplaza Drive
Colorado Springs, CO 80916
(800) 525-2252 or

(303) 596-5612




SECTION 2
INITIALIZATION

The three steps typically performed after the NCR
SCSI Protocol Controller is reset are presented below.
It is assumed that no errors occur.

1. Loop on reading the Diagnostic Status Regis-
ter until the Self-Diagnostic Complete bit is on.
(This should occur within 350 clock cycles after
the reset pulse goes inactive or after the write
pulse for a Chip Reset command.) Never at-
tempt to read the Diagnostic Status Register
while Reset is active, as the data bus is in an
unknown state and the Self-Diagnostic Com-
plete bit may appear asserted.

2. Check the Diagnostic Command Status and
Self-Diagnostic Status bits of the Diagnostic
Status Register for all zeros (no errors).

(At this point, the user may wish to perform
other tests such as loading an invalid com-
mand, performing the Diagnostic Data Turn-
around, etc.)

3. Load the Control Register with the desired
information (Parity Enable, Reselect Enable,
Select Enable).

It should be noted that immediately following step 3,

the chip is in the Disconnected state. If the Reselect -

Enable or Select Enable bits are enabled, an interrupt
can occur prior to issuing any commands to the NCR
SCSI Protocol Controller. A Reselection or Selection
interrupt may also occur even after issuing a Select or
Reselect command to the chip. In this case, a higher
priority device wins arbitration and selects or reselects
the chip, generating a Selected or Reselected interrupt
rather than a Function Complete Interrupt. The user
must wait until the chip is in the Disconnected state
before reissuing the Select or Reselect command.

For more information concerning Initialization, please
refer to Section 7 of the NCR 5385 SCSI Protocol
Controller Data Sheet (Publication # MC-704), and to
Section 7, Device Note 5 of this document.
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SECTION 3

INITIATOR

The Initiator Role is normally associated with the host
adapter, but may also be assumed by a tape controller
performing a disk back-up operation. After selecting a
Target device, the Initiator must respond to the Infor-
mation Transfer Phases controlled by the Target.
Please refer to the latest revision of the draft proposed

ROLE

SCSI standard for a complete description of the In-
itiator Role.

The following partial flowchart illustrates the role of the
SCSI bus Initiator. (Note that the Target portion of this
flowchart appears in Section 4, “Target Role,” and that
the flow chart is presented in its entirety in Appendix
C)

< INITIALIZATION >
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RESELECTION
]

3.1 INITIATOR ROLE FLOWCHART
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3.1 INITIATOR ROLE WALKTHROUGH

This sample walkthough outlines the steps typically
required to perform a complete 170 function as an
Initiator. It is assumed that both the Initiator and Target
can handle messages and are able to disconnect and
reconnect during the function. To simplify this exam-
ple, it is further assumed that no errors or exceptions
occur during the entire operation.

Note that the steps are grouped under headings that
describe the function each group accomplishes.

N o o &

INITIATOR SELECTS TARGET

. Load the Destination ID Register with the

Target's ID.

Load the Transfer Counter to program the
selection timeout. Write to each of the three
8-bit registers.

Load the Command Register with SELECT
W/ATN.

Wait for an interrupt.
Read the Auxiliary Status Register.
Read the Interrupt Register.

Check for a Function Complete interrupt. (This
indicates the SELECT W/ATN was success-
ful.)

(The NCR 5385 SCSI Protocol Controller is now in the
Connected as Initiator state.)

INITIATOR SENDS “IDENTIFY” MESSAGE

8. Wait for an interrupt.

9. Read the Auxiliary Status Register.

10. Read the Interrupt Register.

11.

12.

13.

14.
15.
16.

17.

18.
19.
20.
21.

(Note
nect”

Check the interrupt. A Bus Service interrupt
should have occurred, indicating that the
Target has initiated an information transfer.

Check the 1/0, C/D, and MSG bits read from
the Auxiliary Status Register. The Target
should be requesting a Message Out phase to
receive the “ldentify” message.

Load the Command Register with a Transfer
Info command. Since the “Identify” message
is a single byte, program the Single Byte
Transfer bit ON (“1”) and the DMA Mode bit
OFF (“0").

Read the Auxiliary Status Register.
Check the Data Register Full bit.

Repeat steps (14) and (15) until Data Register
Full is OFF (*0").

Write the “Identify” message into the Data
Register.

Wait for an interrupt.
Read the Auxiliary Status Register.
Read the Interrupt Register.

Check the interrupt. Another Bus Service
interrupt should have occurred, indicating that
the Target has again changed the bus phase.

INITIATOR RECEIVES “DISCONNECT*
MESSAGE

that the Target is not required to send a *“Discon-
message and disconnect at this point. It may

request the command before disconnecting, or not




disconnect at all. If the Target does not issue the
message, proceed to step 65.

22.

23.

24.
25.
26.

27.

28.

29.

30.
31.
32.

Check the I/0, C/D, and MSG bits read from
the Auxiliary Status Register. The Target
should be requesting a Message In phase.

Load the Command Register with a Transfer
Info command. The Single Byte Transfer bit
should be ON (“1”), and the DMA Mode bit
OFF (“0").

Read the Auxiliary Status Register.
Check the Data Register Full bit.

Repeat 24 and 25 until Data Register Full is
on.

Read the Data Register.

Check the message. The Target should have
sent a “Disconnect” message, indicating that
it will reconnect later to complete the I/0 func-
tion.

Wait for an interrupt. (Note that a Function
Complete interrupt may occur at any time after
the Transfer Info command is loaded (step
23). To provide for its occurrence during steps
24 through 28, it is suggested that the user set
an interrupt flag in the interrupt service routine,
mask any other interrupts, and then complete
steps 24 through 28.) If a Disconnect interrupt
occurs, it must be serviced immediately.

Read the Auxiliary Status Register.
Read the Interrupt Register.

Check the interrupt. A Function Complete
should have occurred, indicating that the last
byte of the message has been received. ACK

is left active so that ATN may be asserted if the
message needs to be rejected.

33. Load the Command Register with a Message

Accepted command.

INITIATOR AWAITS DISCONNECTION

34. Wait for an interrupt.

35. Read the Auxiliary Status Register.

36. Read the Interrupt Register.

37. Check the interrupt. The Target should have

disconnected, causing a Disconnect interrupt.

(The NCR 5385 SCSI Protocol Coritroller is now in the
Disconnected state and may start or handle 1/0 func-
tions for any other logical unit. For this 170 function to
continue, the user must wait until the chip is reselected
by the Target while in the disconnected state. Step 38
continues the flow.)

38.
39.
40.
41.

INITIATOR IS RESELECTED
Wait for an interrupt.
Read Auxiliary Status Register.
Read Interrupt Register.

Check the interrupt. Assuming the Target has
reselected the NCR SCSI Protocol Controller
to continue the function, a Reselect Interrupt
should have occurred.

(The user is now in the Connected as Initiator state.)

INITIATOR RECEIVES “IDENTIFY” MESSAGE

42. Wait for an interrupt.
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43.
44.
45.

46.

47.

48.
49.
50.

51.

52.

53.

54.

55.

56.

Read the Auxiliary Status Register.
Read the Interrupt Register.

Check the interrupt. A Bus Service interrupt
should have occurred, indicating that the
Target has activated REQ for an information
transfer.

Check the 1/0, C/D, and MSG bits read from
the Auxiliary Status Register. The Target
should be requesting a Message In phase to
identify the 1/0.

Load the Command Register with a Transfer
Info command (Single Byte Transfer = 1, DMA
Mode = 0.)

Read the Auxiliary Status Register.
Check the Data Register Full bit.

Repeat 48 and 49 until Data Register Full is
ON (“17).

Read the Data Register.

Check the message. The Target should have
sent an “Identify” message which contains the
logical unit number for the 1/0.

Read the Source ID Register.

Check the contents of the Source ID Register
to determine which device did the reselection.

Having identified the device and logical unit
number, retrieve the command, data and
status pointers for this I/0, and store them in a

working pointer area outside the NCR 5385
chip.

Wait for an interrupt. (Note that a Function

57.
58.
59.

60.

Complete interrupt may occur at any time after
the Transfer Info command (step 47). To pro-
vide for its occurrence during steps 48 through
55, itis suggested that the user set an interrupt
flag in the interrupt service routine, mask any
further interrupts, and then complete steps 48
through 55.) If a Disconnect interrupt occurs, it
must be serviced immediately.

Read the Auxiliary Status Register.
Read the Interrupt Register.

Check the interrupt. A Function Complete
should have occurred, indicating that the last
byte of the message has been received. ACK
is left active so that ATN may be assertedif the
message needs to be rejected.

Load the Command Register with a Message
Accepted command.

INITIATOR TRANSFERS COMMAND, DATA,

61.
62.
63.
64.

65.

66.

OR STATUS
Wait for an interrupt.
Read the Auxiliary Status Register.
Read the Interrupt Register.

Check the interrupt. A Bus Service interrupt
should have occurred, indicating that the
Target has initiated another information
phase.

Check the 170, C/D, and MSG bits read from
the Auxiliary Status Register. The Target
should be requesting a Command, Data, or
Status phase.

Prepare circuitry external to the chip for the




67.

68.

69.
70.
71.
72.

73.
74.
75.
76.
77.

requested transfer by using the appropriate
working pointer.

Load the Transfer Counter for the maximum
number of bytes to be transferred. Write to
each of the three 8-bit registers. (This step is
omitted for a Single Byte Transfer.)

Load the Command Register with a Transfer
Info command. Normally, for command or data
transfers, Single Byte Transfer = 0 and DMA
Mode = 1. (For status, these bits might be 1
and 0, respectively.)

If Single Byte Transfer = 0, go to step 74.
Read the Auxiliary Status Register.
Check the Data Register Full bit.

Repeat 70 and 71 until the Data Register Full
bit if OFF (“0").

Read the Data Register (with status byte).
Wait for an interrupt.

Read the Auxiliary Status Register.

Read the Interrupt Register.

Check the interrupt. A Bus Service interrupt
should have occurred, indicating that the
Target has initiated a different information
phase.

INITIATOR UPDATES WORKING POINTER

FOR LAST TRANSFER

78. Ifthe last transfer was a single byte, go to step

82.

79.

Check the Transfer Counter Zero bit in the

_ Auxiliary Status Register.

80.
81.
82.

If Transfer Counter = 0, go to step 82.
Read the Transfer Counter.

Update the working pointer for the last infor-
mation phase. Note that the stored pointer is
not updated at this time. Stored pointers are
updated ONLY when a “Save State” or
“Command Complete” message is received.

INITIATOR CHECKS NEW PHASE TYPE

83.

84.

85.

86.
87.
88.

89.
90.

91.

Check the 170, C/D, and M5G bits read from
the Auxiliary Status Register.

If the Target is requesting a Command, Data
or Status phase, go back to step 66.

INITIATOR RECEIVES MESSAGE

If the Target is requesting a Message In
phase, load the Command Register with a
Transfer Info command (Single Byte Transfer
= 1, DMA Mode = 0).

Read the Auxiliary Status Flegister.
Check the Data Register Full bit.

Repeat steps 86 and 87 until the Data Register
Full is set.

Read the message in the Data Register.

If the message is “Command Complete,” go to
step 113.

Ifthe message is “Disconnect,” go to step 103.
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INITIATOR HANDLES ““SAVE STATE” MESSAGE

92.

93.

94.
95.
96.

97.

98.
99.
100.
101.

In normal operation, the message referred to
in step 89 shouid be “Save State.” In this case,
the user saves the state of the working point-
ers by moving them to the stored pointer area.

Wait for an interrupt. (Note that a Function
Complete interrupt may occur at any time after
‘step 85. To provide for its occurrence during
steps 86 through 92, it is suggested that user
set an interrupt flag in the interrupt service
routine, mask any further interrupts, and pro-
ceed to complete steps 86 through 92.) If a
Disconnect interrupt occurs, it must be ser-
viced immediately.

Read the Auxiliary Status Register.
Read the Interrupt Register.

Check the interrupt. A Function Complete
should have occurred, indicating that the last
byte of the message was received. ACK is left
active so that ATN may be asserted if the
message needs to be rejected.

Load the Command Register with a Message
Accepted command.

Wait for an interrupt.
Read the Auxiliary Status Register.
Read the Interrupt Register.

Check the interrupt. A Bus Service interrupt
should have occurred, indicating that the
Target has initiated another information
phase.

102. Go to step 83.

INITIATOR HANbLES “DISCONNECT” MESSAGE

103. Wait for an interrupt. (Note that a Function

104.
105.
106.

107.

108.
108.
110.
111,

Complete interrupt may occur at any time after
step 85. To provide for its occurrence during
steps 86 through 102, it is suggested that the
user set an interrupt flag in the interrupt ser-
vice routine, mask any further interrupts, and
proceed to complete steps 86 through 102.) If
a Disconnect interrupt occurs, it must be ser-
viced immediately.

Read the Auxiliary Status Register.
Read the Interrupt Register.

Check the interrupt. A Function Complete
should have occurred, indicating that the last
byte of the message has been received. ACK
is left active so that ATN may be asserted if the
message needs to be rejected.

Load the Command Register with a Message
Accepted command. '

INITIATOR AWAITS DISCONNECTION
Wait for an interrupt.

Read the Auxiliary Status Register.
Read the Interrupt Register.

Check the interrupt. After sending the “Dis-
connect” message, the Target should have
disconnected, resulting in a Disconnected
interrupt.

11



112.

Go to step 38. (The note prior to 38 applies.)

INITIATOR HANDLES “COMMAND COMPLETE”

113.

114.

115.
116.

117

118.

MESSAGE

Save the state of the working pointers by
moving them to the stored pointer area.

Wait for an interrupt. (Note that a Function
Complete interrupt may occur at any time after
step 85. To provide for its occurrence during
steps 86 through 113, it is suggested that the
user set an interrupt flag in the interrupt ser-
vice routine, mask any further interrupts, and
complete steps 86 through 113.) If a Discon-
nect interrupt occurs, it must be serviced im-
mediately.

Read the Auxiliary Status Register.
Read the Interrupt Register.

. Check the interrupt. A Function Complete

should have occurred, indicating that the last
byte of the message has been received. ACK
is left active so that ATN may be asserted if the
message needs to be rejected.

Load the Command Register with a Message
Accepted command.

INITIATOR AWAITS DISCONNECTION

119. Wait for an interrupt.

120.
121.
122.

Read the Auxiliary Status Register.
Read the Interrupt Register.

Check the interrupt. After sending the “Com-
mand Complete” message, the Target should
have disconnected, resulting in a Discon-
nected interrupt.

(The 170 function is now complete. The user is back in
the Disconnected state.)

3.2 NOTES
1.

Steps 14 through 16, and 70 through 72 can be
omitted if the microprocessor guarantees that
one full clock cycle elapses between loading
the Command Register and loading the Data
Register. The act of loading an Interrupting
command resets the Data Register Full Status
Bit in the Auxiliary Status Register. Therefore,
when a command is issued that requires data
to be put into the Data Register, data may not
be loaded until the Data Register Full Status
Bit is allowed to reset.

. If a Disconnect Command is issued when con-

nected as an Initiator, the Target is left hanging
on the bus. A bus reset may be required to free
the bus.
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SECTION 4

TARGET ROLE
The Target Role, though normally performed by a The following partial flowchart illustrates the role of the
peripheral, may also be assumed by the host adapter Target on the SCSI bus. The flowchart in Fig. 4.1is a
during host-to-host communications. When selected, continuation of Fig. 3.1 and resumes after the target
the Target controls the bus activity by driving the C/D, has been selected. The flowchart of the Initiator and
170, and MSG signals. Please refer to the latest draft Target Roles is shown in its entirety in Appendix C.

proposed SCSI standard for a complete description of

the Target Role.

SET-UP
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TO RECEIVE
MESSAGE OUT

O~
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DISCONNECT
?

4.1 TARGET ROLE FLOWCHART
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4.1 TARGET ROLE FLOWCHART (Continued)
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TARGET ROLE FLOWCHART (Continued)
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4.1 TARGET ROLE WALKTHROUGH

This sample walkthrough outlines the steps typically
required to perform a complete I/0 function as a
Target. It is assumed that both the Target and Initiator
can handle messages and are able to disconnect. Itis
also assumed that no errors or exceptions occur dur-
ing the entire operation. The sequence of steps begins
after the chip has been selected as a Target.

Note that the steps are grouped under headings that
describe the function each group accomplishes.

TARGET IS SELECTED
1. Wait for an interrupt.
2. Read the Auxiliary Status Register.
3. Read the Interrupt Register.

4. Check the interrupt. Selected and Bus Service
interrupts should have occurred, indicating
that the chip has been selected as a Target,
and the Initiator has asserted the ATN signal,
respectively.

(The user is now in the Connected as Target state.)

TARGET RECEIVES “IDENTIFY MESSAGE”

5. Load the Command Register with a Receive
Message Out command (Single Byte Transfer
= 1, DMA Mode = 0).

6. Read the Auxiliary Status Register.
7. Check the Data Register Full bit.

8. Repeat steps 6 and 7 until Data Register Full
bit is ON (“17).

9. Read the Data Register.

10. Check the message. The Initiator should have
sent an “ldentify” message which indicates
whether he can disconnect. The message also
contains the logical unit number for the 1/0.

11. Read the Source ID Register.

12. Check the ID Valid bit. If the Initiator has the ~

ability to disconnect, it will be ON. (The user
now has the Initiator ID and the logical unit
number, which uniquely defines an I/0. The
user may record this information and discon-
nect.)

13. Wait for an interrupt. (Note that a Function
Complete may occur at any time after step 9.
To provide for its occurrence during steps 10
through 12, it is suggested that the user set an
interrupt flag in the interrupt service routine,
mask any further interrupts, and complete
steps 10 through 12.) If a Disconnect interrupt
occurs, it must be serviced immediately.

14. Read the Auxiliary Status Register.
15. Read the Interrupt Register.

16. Check the interrupt. A Function Complete
should have occurred, indicating that the 1D
message has completed.

(The user is back in the Connected as Target state. If it
is desired not to disconnect at this point, go to step 43.)

. TARGET SENDS DISCONNECT MESSAGE
AND DISCONNECTS

17. Load the Command Register with a Send

16
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18.
19.
20.

21.

22.
23.
24.
25.

26.

Message In command, (Single Byte Transfer
= 1, DMA Mode = 0).

Read the Auxiliary Status Register.
Check the Data Register Full bit.

Repeat steps 18 and 19 until Data Register
Full bit is OFF (“0").

Write the “Disconnect” message into the Data
Register.

Wait for an interrupt.
Read the Auxiliary Status Register.
Read the Interrupt Register.

Check the interrupt. A Function Complete
interrupt should have occurred, indicating the
message was sent successfully.

Load the Command Register with a Discon-
nect command.

(DISCONNECT immediately breaks the connection,
and the user is in the Disconnected state. When ready
to continue the 1/0 operation, go to step 27.)

27.

28.

29.

30.
31.

TARGET RESELECTS INITIATOR

Load the Destination ID Register with the In-
itiator’s ID.

Load the Transfer Counter to program in the
reselection timeout. Write to each of the three
8-bit registers.

Load the Command Register with a Reselect
command.

Wait for an interrupt.

Read the Auxiliary Status Register.

32. Read the Interrupt Register.

33. Check the interrupt. A Function Complete

interrupt should have occurred, indicating that
the Reselect was successful.

(The user is now in the Connected as Target state.
Note that SCSI protocol requires that the “Identify”
Message be sent immediately following the reselec-
tion. Therefore, the user should continue with steps 34
through 42.)

TARGET SENDS “IDENTIFY” MESSAGE

34. Load the Command Register with a Send

35.
36.
37.

38.

39.
40.
41.
42.

43.

Message In command, (Single Byte Transfer
= 1, DMA Mode = 0).

Read the Auxiliary Status Register.
Check the Data Register Full bit.

Repeat steps 35 and 36 until Data Register
Full bit is OFF (“0”).

Write the “Identify” message into the Data
Register.

Wait for an interrupt.
Read the Auxiliary Status Register.
Read the Interrupt Register.

Check the interrupt. A Function Complete
interrupt should have occurred, indicating that
the message was sent successfully.

TARGET RECEIVES COMMAND OR
TRANSFERS DATA

Load the Transfer Counter for a command or
data transfer.

17



45.
46.
47.

48.

49.

50.

Load the Command Register with a Receive
Command, Receive Data, or Send Data com-
mand (Single Byte Transfer = 0, DMA Mode =
1).

Wait for an interrupt.
Read the Auxiliary Status Register.
Read the Interrupt Register.

Check the interrupt. A Function Complete
interrupt should have occurred, indicating that
the transfer was successful.

To do a data transfer, go back to step 43.

If the 1/0 function is complete, go to step 62
and continue through step 80. Otherwise, pro-
ceed to steps 51 through 61 with the intent of
reconnecting later.

TARGET SENDS “SAVE STATE” AND

51.

52.
53.

55.

56.

“DISCONNECT” MESSAGES,
AND DISCONNECTS

Load the Command Register with a Send
Message In command, (Single Byte Transfer
= 1, DMA Mode = 0).

Read the Auxiliary Status Register.
Check the Data Register Full bit.

Repeat steps 52 and 53 until Data Register
Full is OFF (“0”).

Write the “Save State” message into the Data
Register. ’

Wait for an interrupt.

57.

58.

59.

60.

61.

Read the Auxiliary Status Register.
Read the Interrupt Register.

Check the interrupt. A Function Complete
interrupt should have occurred, indicating the
message was sent successfully.

Repeat steps 51 through 59 for a “Disconnect”
message.

Load the Command Regisier with a Discon-
nect command.

(A Disconnect command immediately breaks the con-
nection, and the NCR SCSI Protocol Controller is in
the Disconnected state. When ready to continue 1/0
operation, go to step 27.)

62.

63.

66.
67.
68.
69.
70.

TARGET SENDS STATUS BYTE

Load the Command Register with a Send
Status command, (Single Byte Transfer = 1
and DMA Mode = 0).

Read the Auxiliary Status Register.

. Check the Data Register Full bit.
65.

Repeat steps 63 and 64 until Data Register
Full bit is OFF (“0”).

Write the status byte into the Data Register.
Wait for an interrupt.

Read the Auxiliary Status Register.

Read the Interrupt Register.

Check the interrupt. A Function Complete
interrupt should have occurred, indicating that
the status byte was sent successfully.
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7.

72.
73.
74.

75.

76.
77.
78.
79.

TARGET SENDS COMMAND
COMPLETE MESSAGE

Load the Command Register with a Send
Message in command, (Single Byte Transfer
= 1, DMA Mode = 0).

Read the Auxiliary Status Register.
Check the Data Register Full bit.

Repeat steps 72 and 73 until Data Register
Full bit is OFF (“0").

Write the “Command Complete” message
into the Data Register.

Wait for an interrupt.
Read the Auxiliary Status Register.
Read the Interrupt Register.

Check the interrupt. A Function Complete

interrupt should have occurred, indicating that
the message was sent successfully.

80. Load the Command Register with a Discon-
nect command.

(The 170 function is now complete. The user is back in
the disconnected state.)

4.2 NOTES

Steps 18 through 20, 35 through 37, 52 through 54, 63
through 65, and 72 through 74 can be omitted if the
microprocessor guarantees that one full clock cycle
elapses between loading the Command Register and
loading the Data Register.

The act of loading an interrupting command resets the
Data Register Full status bit in the Auxiliary Status
Register. Therefore, when a command is issued that
requires data to be put into the Data Register, the data
may not be loaded until the Data Register Full bit is
allowed to reset.
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SECTION 5
INTERRUPT SERVICE ROUTINES (ISR)

This section defines all possible interrupt conditions,
and provides suggested responses.

5.1 GENERAL
When interrupted by the NCR SCSI Protocol Con-

7 6 5 4 3 2 1

troller, the users should read and save the Auxiliary
Status Register and the Interrupt Register. (Note that
this is not a requirement for servicing the interrupt for
the Diagnostic command.)

Figures 5.1 and 5.2 depict the Auxiliary Status and
Interrupt Registers.

0

—Not Used
Transfer Counter Zero
Paused

/10

C/ID
MSG

Parity Error

Data Register Full

Figure 5.1 Auxiliary Status Register

7 6 5 4 3 2

10

L__Function Complete
Bus Service
Disconnected

Selected
Reselected

(Used for Testability)

invalid Command

Figure 5.2

Not Used

Interrupt Register
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The act of reading the Interrupt Register disables the
interrupt signal (INT), resets the Interrupt Register,
and resets an internal flag that indicates an Interrupt-
ing command is in progress. For this reason, if a bus
event which also causes an interrupt occurs at the
same time an Interrupting command is loaded into the
Command Register, the command in the Command
Register is not executed. Rather, the bus event is
honored.

The user must always know in which state the device is
operating: Disconnected, Connected as Initiator, or
Connected as Target. (This determines which com-
mands are valid for that state and what the interrupt
service routine should contain.) Interrupt information is
summarized in Table 5.1. The paragraphs following
the table describe the suggested interrupt service
routines for each state.

5.2 USER DISCONNECTED ISR

In the Disconnected state, the user is either currently
logically disconnected from the SCSI bus, or was dis-
connected at the time the last command to the chip
was issued. Valid commands that may have been
issued in this state are:

SELECT W/ATN
Interrupting SELECT W/0 ATN
RESELECT
| diat PAUSE
mmediate CHIP RESET

The seven interrupts that may occur in the Discon-
nected state are numbered and described below.

1. Interrupt Register

(7-0): 0000 1000
Auxiliary Status
Register (7-0): XXXX XXXX

Reason for Interrupt: The user has been
selected as the Target. ATN was not enabled
by the Initiator; therefore, the Target is not
capable of using messages (with the exception
of “Command Complete”), and cannot dis-
connect prior to completing the function.

Suggested Response: Set-up the Transfer
Counter, issue a Receive command, and pro-
ceed with the function through status phase
and “Command Complete” message.

. Interrupt Register

(7-0): 0000 1010

Auxiliary Status

Register (7-0): XXXX XXXX

Reason For Interrupt: The user has been
selected as the Target. ATN was asserted by
the Initiator; therefore, the Target is capable of
using messages.

Suggested Response: Read the Source ID
Register. If the ID Valid bit is not enabled, the
Initiator cannot be disconnected until the func-
tion is completed. Set the Transfer Counter
and issue a Receive Message Out command.
The Identify message can be used to deter-
mine whether the Initiator can disconnect.

. Interrupt Register

(7-0): 0001 0000

Auxiliary Status

Register (7-0): XXXX XXXX

Reason for Interrupt: The user has been re-
selected as the Initiator. It is implied that the
Target has disconnect and control message
capability.

Suggested Response: Wait for another inter-
rupt (either Bus Service or Disconnect).
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Normally, a Bus Service interrupt is generated
for a Message In phase, allowing an “Identify”
message to be sent.

. Interrupt Register
(7-0): 0000 0001

Auxiliary Status
Register (7-0): XXXX XXXX

Reason for Interrupt: The user command has
been successfully completed. The Select
commands (SELECT W/ATN, SELECT W/0O
ATN) imply that the user is connected to a
Target and is acting as an Initiator, while the
Reselect command implies reconnection to an
Initiator and action is as a Target.

Suggested Response: Proceed with intended
command sequence. After either Select com-
mand, wait for a Bus Service or Disconnect
interrupt. After a Reselect command, issue a
Send Message In to transmit an “Identify”
message.

. Interrupt Register
(7-0): 0000 0100

Auxiliary Status
Register (7-0): XXXX XXXX

Reason For Interrupt: While executing a Select
or Reselect command, no response (BSY)
was received from the destination device
within the specified timeout. The operation
was aborted.

Suggested Response: Retry alimited number
of times.

. Interrupt Register
(7-0): 0100 0000

Auxiliary Status
Register (7-0): XXXX XXXX

Reason For Interrupt: The user issued a
command that is not valid in the Disconnected
state.

Suggested Response: If the command is
valid, either retry or issue a Chip Reset com-
mand and retry.

7. Interrupt Register

(7-0): All Others

Auxiliary Status
Register (7-0): XXXX XXXX

Reason for Interrupt: Chip malfunction.

Suggested Response: Issue chip reset and
retry operation.

5.3 USER CONNECTED AS TARGET ISR

In this state, the user is logically connected on the
SCSI bus in the Target role. Comrnands that may be
issued in this state are:

RECEIVE COMMAND

RECEIVE DATA

RECEIVE MESSAGE OUT

RECEIVE UNSPECIFIED
Interrupting OUTPUT

SEND STATUS

SEND DATA

SEND MESSAGE IN

SEND UNSPECIFIED INPUT

PAUSE
Immediate DISCONNECT
CHIP RESET

In order to service an interrupt in the Connected as
Target state, the user should know the current com-
mand and if the pending command will result in an
interrupt.

22

Fa &N

| e

fF 1 2@ &N

N N A



i . R

|

&

& w

R &

The seven interrupts that may occur in this state are
numbered and described below.

1. Interrupt Register

(7-0): 0000 0010

Auxiliary Status

Register (7-0): XXXX XXXX

Reason for Interrupt: ATN was received from
the Initiator. If this interrupt was received after
issuing an interrupting command, the com-
mand was not and will not be executed by the
chip.

Suggested Response: Issue a Receive Mes-
sage Out command to determine why the In-
itiator enabled ATN. If a command was
aborted, it should be reissued.

. Interrupt Register

(7-0): 0000 0001

Auxiliary Status

Register (7-0): X0XX XXXX

Reason for Interrupt: A Send or Receive
command completed successfully.

Suggested Response: Proceed with function
by issuing any other valid command.

. Interrupt Register

(0-7): 0000 0011
Auxiliary Status
Register (0-7): X0OXX XXXX

Reason for Interrupt: A Send or Receive
command has completed. ATN was enabled
by the Initiator during the transfer.

Suggested Response: Issue a Receive Mes-
sage Out to determine why the Initiator set
ATN.

4. Interrupt Register

(0-7): 0000 0001
Auxiliary Status
Register (0-7): X1XX XXXX

Reason for Interrupt: A Receive command
terminated due to a bus parity error. (ATN is
not enabled.)

Suggested Response: If the error occurred
during a Receive Message Out command,
issue a Send Message In, “Message Parity
Error” followed by a Receive Message Out in
order to retry the message. If the error occur-
red during another Receive command, issue a
Send Message In, “Restore State,” and retry
the entire transmission. In either case, the
number of retries should be limited.

. Interrupt Register

(7-0): 0000 0011

Auxiliary Status

Register (7-0): X1XX XXXX

Reason for Interrupt: A Receive command
terminated due to a bus parity error, and the
Initiator is asserting ATN.

Suggested Response: Similar to previous
interrupt, with an exception: if the error did not
occur on a message, the ATN should be ser-
viced first by issuing a Receive Message Out.

. Interrupt Register

(7-0): 0100 0000

Auxiliary Status
Register (0-7): XXXX XXXX
Reason for Interrupt: The user issued a com-
mand that is not valid in the Connected as
Target state.
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Suggested Response: If the command is
valid, retry or issue CHIP RESET and retry the
entire operation.

7. Interrupt Register
(7-0): All Others

Auxiliary Status

Register (0-7): XXXX XXXX

Reason for Interrupt: Chip malfunction.

Suggested Response: Issue chip reset and
retry operation.

5.4 USER CONNECTED AS INITIATOR ISR

In the Connected as Initiator state, the user is logically
connected on the SCSI bus in the Initiator role. Com-
mands that may be issued in this state are:

{ TRANSFER INFO
TRANSFER PAD

MESSAGE ACCEPTED
SET ATN
DISCONNECT

CHIP RESET

Interrupting

Immediate

In order to service an interrupt, the user should know
the current command and if the pending command will
resultin an interrupt. The information phase during the
last Transfer command should also be noted. .

The seven interrupts that may occur in the Connected
as Initiator state are numbered and described below.

1. Interrupt Register
(7-0): 0000 0010

Auxiliary Status

Register (0-7): XXXX XXXX

Reason for Interrupt: A REEQ has been re-
ceived from a Target that the chip cannot ser-
vice automatically. This may occur prior to
issuing a Transfer command when a REQ is
received after TC = 0 during a Transfer com-
mand, or when aninformation phase change is
detected by the chip during a Transfer
command.

Suggested Response: Compare I/0, C/D,
and MSG in the Auxiliary Status Register with
the previous information phase to determine if
an information phase change has occurred. If
the phase type changed, read the Transfer
counter and update working pointers for the
old phase, and proceed to set-up for the new
transfer (Refer to section 5.41 Bus Service
Interrupt.) If the phase did not change, a buffer
overflow has occurred, and the Transfer
Counter Zero bit will have been set.

. Interrupt Register

(0-7): 0000 0100

Auxiliary Status

Register (0-7): XXXX XXXX

Reason for Interrupt: The Target discon-

_ nected from the bus. The disconnection may or

may not be expected, depending upon the
previous sequence of events.

Suggested Response: Do housekeeping to
complete Initiator role. :

. Interrupt Register

(0-7): 0000 0001

Auxiliary Status

Register (0-7): XXXX XXXX

Reason for Interrupt: A Transfer command for
a Message In phase has completed. ACK is
left active on the bus.
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Suggested Response: Examine the mes-
sage. To reject the message, issue a Set ATN
followed by a Message Accepted command.
To accept the message, issue only the Mes-
sage Accepted command.

. Interrupt Register

(0-7): 0000 0100
Auxiliary Status
Register (0-7): X1XX XXXX

Reason for Interrupt: The Target discon-
nected from the bus when ATN wasonduetoa
parity error.

Suggested Response: Consider this 1/0 in-
valid since the Target never sent a Message
Out to check the parity error. Abort the I/0.

. Interrupt Register

(0-7): 0000 0010

Auxiliary Status
Register (0-7): X1XX XXXX

Reason for Interrupt: A REQ from the Target
cannot be serviced automatically by the chip.
Also, a parity error occurred during the last
Transfer Info command.

The interrupt does not occur at the time of the
parity error, but when TC = 0 or the Target
changes information phases. The chip au-
tomatically sets ATN when the parity error
occurs.

Suggested Response: Use 1/0, C/D, and
MSG to determine if a phase change occurred.
If so, and the new phase is a Message Out,
send either a “Message Parity Error” or an
“Initiator Detected Error” message. (The
choice depends on whether the last phase was
a message phase.) If the new phase is not a
Message Out, service the new phase and

issue a Transfer command. (The chip will keep
ATN on until a Message Out is sent with
TC =0) ‘

If the phase did not change and the TC = 0, a
buffer overflow occurred in addition to the par-
ity error.

6. Interrupt Register
(7-0): 0100 0000

Auxiliary Status
Register (0-7): XXXX XXXX

Reason for Interrupt: The user issued a com-
mand that is not valid in the Connected as
Initiator state.

Suggested Response: If the command is
valid, retry or issue a Chip Reset command,
and retry the entire operation.

7. Interrupt Register
(7-0): All Others

“Auxiliary Status
Register (7-0): XXXX XXXX

Reason for Interrupt: Chip malfunction.

Suggested Response: Issue a Chip Reset
command, and retry the operation.

5.4.1 Bus Service Interrupt

The NCR 5385E is designed to interrupt the user for a
detected phase change, even when REQ is not active.
This offers two advantages: ,

1. Provides early notification to the Initiator for
unbuffered target devices, allowing the In-
itiator to prepare for the nextinformation phase
before it occurs.

2. In high performance systems, this early notifi-
cation allows the Initiator to prepare the chip
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for a requested phase change and increases
the overall system performance.

When a phase change is detected by the chip, the
phase lines are monitored for 12 clock periods. If the
phase lines have indeed changed, the chip monitors
the BSY line for an additional 12 clock periods to
determine if the chip is still connected. If so, a Bus
Service interrupt occurs, indicating a phase change.
The user must respond to this phase change by issu-
ing either a Transfer Info or Transfer Pad Command
even if this is an unexpected bus phase.

One possible way to handle an invalid or unexpected
bus phase is to program the Transfer Counter to a
value of **1"", and program the Command Register with
a Transfer Pad command. If the Target requests data,

the Transfer Counter goes to zero and the user re-
ceives an interrupt indicating that a REQ has occurred.
The important point is that the Initiator must respond to
all Bus Service Interrupts by issuing either a Transfer
Info or Transfer Pad command to the chip.

The NCR 5386 defaults to NCR 5335E type operation
but may be optionally programmed to ignore phase
changes except when REQ is active. This is accom-
plished by setting Bit 3 (phase valid on REQ) in the
control register.

5.5 INTERRUPT SUMMARY

The information provided in this section is summarized
in the following table.
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Table 5.1 Interrupt Summary

Interrupt Auxillary Status
User State Register Register Event
(7-0) (7-0) ;

0000 1000 XXXX XXXX Selected as Target, ATN off.

0000 1010 A XXXX Selected as Target, ATN on.
Reselected as Initiator.

0001 0000 XXX XXXX Select W/ATN, Select W/O

0000 0001 XXX XXXX ATN, or Reselect command

Disconnected completed successfully.

0000 0100 XXXX XXXX No response from Destination
while executing a Select or
Reselect command.

0100 0000 XXXX XXXX Invalid command issued.

All Others XXX XXXX Hardware Error - should not occur.

0000 0010 XXXX XXXX ATN received.

0000 0001 X0XX XXXX Send or Receive command
successfully completed.

0000 0011 XOXX XXXX Send or Receive command
completed: ATN was turned
on during the transfer.

Connected as Target 0000 0001 X1XX XXXX Receive command terminated
due to bus parity error.

0000 0011 X1XX XXXX Receive command terminated
due to bus parity error.

ATN is on.

0100 0000 XXXX XXXX Invalid command issued.

All Others XXX XXXX Hardware Error - shouid not
occur.

0000 0010 XXXX XXXX Service Target request.

0000 0100 X0XX XXXX Message In transfer
completed.

0000 0001 XXXX XXXX Transfer for Message In has
completed.

0000 0100 X1XX XXXX Target disconnected from
bus. Did not respond to ATN

Connected as Initiator due to parity error.

0000 0010 X1XX XXXX Service Target request. A
parity error was previously
detected and ATN turned on.

0100 0000 XXXX XXXX Invalid command issued.

All Others XXX XXXX Hardware error - should not
occur.
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SECTION 6
SCSI BUS INTERFACE

The NCR SCSI Protocol Controller supports either
differential pair or open-collector operation. Differential
pair operation allows bus devices to be spaced up to
25 meters apart and offers better noise immunity than
the more prominent open-collector interface.

The open-collector or single-ended interface is recom-
mended for in cabinet use and limits bus device
spacing to 6 meters.

Figure 6.1. shows the suggested interface between
the SCSI Protocol Controller and the differential pair
transceivers. A 3-t0-8 decoder, gated by the ARB
signal, is used to enable the driver for the device ID

used during arbitration. At this time, all other data bit
receivers are enabled for reading and the Protocol
Controller drives the appropriate cevice ID data bit
high.

The single-ended interface may be simply implemented:

using the NCR 8310 General Purpose 48 ma Driver/
Receiver Chip. The equivalent circuit for the NCR 8310
is shown in Figure 6.2. Aside from providing 48 ma
sink capability for the SCSI bus, this device may be
used with other common device interfaces that require
48 ma operation. The interface to the NCR SCSI Protocol
Controller is shown in Figure 6.3.
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APPENDIX A

NCR 5385E/86 SCSI PROTOCOL CONTROLLER REGISTER AND

0O 0 0O O BRW Data Register |
0O 0 O 1 R/W Command Register
0 0 1 0 RW Control Register
0o 0 1 1 R/W Destination ID
0 1 0O 0 R Auxiliary Status
0 1 0 1 R 1D Register
0 1 1 0 R Interrupt Register
0 1 1 1 R Source ID
1 0O O 0 R Data Register 1™
1 0 O 1 R Diagnostic Status
1 1 0 0 RW Transfer Counter (MSB)
1 1 0 1 R/W Transfer Counter (2nd BYTE)
1 1 1 0 RW Transfer Counter (LSB)
1 1 1 1 R/W Reserved for Testability
*NCR 5386 ONLY COMMAND SUMMARY
INT = INTERRUPTING D = DISCONNECTED

IMM = IMMEDIATE

COMMAND SUMMARY

REGISTER SUMMARY

A3 A2 A1 A0 R/W  REGISTER NAME

T = CONNECTED AS A TARGET

| = CONNECTED AS AN INITIATOR

COMMAND CODE COMMAND TYPE VALID STATES
00000 Chip Reset IMM DIT
00001 Disconnect IMM LT
00010 Paused IMM D,T
00011 Set ATN IMM |
00100 Message Accepted IMM |
00101 Chip Disable IMM DT
00110-00111 Reserved IMM
01000 Select w/ATN INT D
01001 Select w/o ATN INT D.
01010 Reselect INT D
01011 Diagnostic INT D
01100 Receive Command INT T
01101 Receive Data INT T
01110 Receive Message Out INT T
01111 Receive Unspecified info Out INT T
10000 Send Status INT T
10001 Send Data INT T
10010 Send Message Out INT T
10011 Send Unspecified Info In INT T
10100 Transfer Info INT |
10101 Transfer Pad INT |
10110-11111 Reserved INT
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COMMAND REGISTER
7 6 5 4 3 21

0

L1]

HEEEN

|

APPENDIX B
INTERNAL REGISTERS

Command Code

00000
00001
00010
00011
00100
00101

Chip Reset
Disconnect

Pause

Set ATN

Message Accepted
Chip Disabled

01000
01001
01010
01011
01100
01101
01110
01111
10000
10001
10010
10011
10100
10101

Seiect w/ATN

Select w/o ATN

Reselect

Diagnostic Data Turnaround
Receive Command

Receive Data

Receive Message Out
Received Unspecified info Out
Send Status

Send Data

Send Message In

Send Unspecified Info In
Transfer info

Transfer Pad

Reserved (MUST BE A ZERO)

Single Byte Transfer

CONTROL REGISTER

DMA Mode

lD:E:‘ST:R 4 32 10
TsTolo[s] T T]
LL 1 e

INTERRUPT REGISTER
76 543210

L =T TTT11

Function Compiete
L——— Bus Service
L Disconnected
Selected

(Used for Testability)
invalid Cc L]
Not Used

SOURCE 1D REGISTER

7 6 5 4 3 2 10

[-1-1--T T 1]

Source 1D
1D Valid

7 6 5 43 210

HEEEEREN

Seilect Enable
Reselect Enable
L Parity Enable
r————————== Phase Valid on REQ"*
Reserved for

Synchronized Operation*

DESTINATION ID REGISTER
7 6 54 3 210

HESECSEEN

Destination ID

AUXILIARY STATUS REGISTER

7 6 5 4 3 2 10
L Data Register Il Fuli*

Transfer Counter Zero
L Paused

Data Register ! Full

"NCR 5386 ONLY

Panty Thru Enable*

DIAGNOSTIC STATUS REGISTER

7 6 54 3 2 1

0

LI-T1 1]

| |

Self-diagnostic Status

000 Successful Completion

001 Unconditional Branch Fail
010 Data Reg. Full Failed

011 Initiai Conditions Incorrect
100 Initial Command Bits incomect
101 Diagnostic Flag Failed

110 Data Turnaround Failed

111 Not Used

Diagnostic Command Status

001 Turnaround Miscompare (lnitial)
010 Turnaround Miscompare {Final)
011 Turnaround Good Parity

100 Tumnaround Bad Party

Self-diagnostic Compiete

(7o) A3 A2 At
c/D 1 10
MSG 1 1 0
Partty Error 1 1 1

TRANSFER COUNTER

A0 SELECTED BYTE
Most Significant Byte
Middie Byte

Least Signdficant Byte

o - O
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APPENDIX C
INITIATOR/TARGET ROLE FLOWCHART

)

" DISCONNECTED
IDLE LOOP

INTERRUPT
RECEIVED
2

COMMAND
RECEIVED
K

NO

RESELECTED
INTERRUPT
2

SELECTED
INTERRUPT
?

ERROR
ERROR
YES TARGET NO
CONTROLLER RESELECTION
COMMAND, -

INITIATOR

SELECTS CONTROLLER
DECODE & TancET DECODE &
IMPLEMENT IMPLEMENT
OTHER HOST OTHER HOST
ADAPTER CONTROL ACAPTER
COMMANDS COMMANDS

INTERRUPT
RECEIVED
?

FUNCTION

COMPLETE
?

DISCONNECTED
2

ERROR

INTERRUPT

RECEIVED
2

BUS
SERVICE
INTERRUPT
?
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INTERRUPT
RECEIVED
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INITIATOR/TARGET ROLE FLOWCHART

INITIATOR
SENDS
“IDENTIFY"
MESSAGE

O,

INITIATOR
IDLE LOOP

INTERRUPT
RECEIVED

PREPARE CHIP

COMPLETE

SEND

NO

“"MESSAGE
ACCEPT"

1 AND EXTERNAL
CIRCUITRY FOR
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COMMAND
COMPLETE
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YES CURRENT SOURCE 10,
POINTERS RETRIEVE
TO SAVED SAVED
INTERRUPT POINTERS POINTERS
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?
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FUNCTION ﬁéggiees
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INITIATOR/TARGET ROLE FLOWCHART

SEND

“SAVE STATE"
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SET
DISCONNECT
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MESSAGE OUT

ERROR
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INTERRUPT
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FUNCTION

COMPLETE
?

DO WE
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INITIATOR/TARGET ROLE FLOWCHART (Continued)

SEND
“DISCONNECT
MESSAGE"

INTERRUPT
RECEIVED

ISSUE
FUNCTION DISCONNECT
COM!:LET E COMMAND
? TO CHIP
ERROR oc

TARGET
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INITIATOR

FUNCTION
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?
ERROR

TARGET
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RECEIVED
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INITIATOR/TARGET ROLE FLOWCHART (Continued)
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