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DISTINCTIVE CHARACTERISTICS

W implements full SCSI bus features: arbitration,
disconnect, reconnect, parity generation/checking
on both data ports, soft reset, and synchronous
data transfers

B Synchronous offset selectable from 1 to 12 bytes,
with selectable transfer period up to 5 Mbytes/s

W Compatible with most microprocessors through an
8-bit data bus; supports both multiplexed and non-
multiplexed address/data bus systems. Host bus
data parity checking and generation is an optional
feature

W Can be used as a host adapter (SCSI Initiator) or
peripheral adapter (SCSI Target)

B Data transfer options include programmed /O,
single-byte DMA, burst (multibyte) DMA, or direct
bus access (DBA Bus) transfers

W Includes 48-mA drivers for direct connection to the
SCSl bus

24 bit transfer counter

Programmable timeout for selection and reselection
“Combination” commands greatly reduce interrupt-
handling responsibilities

B Special “Translate Address” command performs the
Logical- to-Physical address translation

Single +5 V supply

Available in 44-pin chip carrier or 40-pin DIP

Low power CMOS design

GENERAL DESCRIPTION

The Am33C93A is a MOS/VLSI device implemented in
Advanced Micro Devices' CMOS process. It operates
from a single 5-Volt supply and is available in either a
44-pin chip carrier or a 40-pin dual-in-line package. All
inputs and outputs are TTL compatible.

The Am33C93A is intended for use in systems which
interface to the Small Computer System Interface
(SCSI) Bus. The Am33C93A can operate in both the
initiator (typically, a host computer system) and the
target (typically, a peripheral device) SCSI bus roles.

When used in the host system, the Am33C93A inter-
faces to both the host bus and the SCSI bus. To perform
a SCSI operation, the host processor issues a com-
mand to the Am33C93A to select the desired Target.
The Am33C33A then arbitrates for the SCSI bus and
selects the peripheral unit. If it fails to get the bus
because of a device with higher priority, it continues
trying and notifies the host when it has succeeded by
generating an interrupt. At this point, the Am33C93A is
operating in the initiator role. When the peripheral re-
quests a SCSI command from the host, the Am33C93A
receives the request and generates another interrupt to
the host. The host responds to this interrupt by issuing a

“Transfer Info” command and supplying SCSI com-
mand bytes to the Am33C93A. The Am33C93A trans-
fers the SCSI command to the peripheral, and then
waits for the next bus phase request. This process
continues until all SCSI information including data,
status, and messages have been transferred.

The Am33C93A also offers high-level Select-and-
Transfer commands which eliminate the interrupt han-
dling otherwise required between each SCSI bus
phase.

When the Am33C93A is used in a peripheral system,
the Am33C93A will operate primarily in a Target role. It
interfaces with a local processor and the SCSI bus in
this environment just as it does when used as a host
adapter. The Target-role command set enables the
AmM33C93A to request each SCSI bus phase individu-
ally or to sequence the SCSI bus phases automatically
through the use of combination commands.

The AM33C93A has an internal microcontrolier, a regis-
ter task file, and SCSI interface logic. This architecture
supports both tight control of the protocol for non-
standard SCS! implementations, as well as a hands-
free mode for standard SCSI applications.
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CONNECTION DIAGRAMS
44-PIN CHIP CARRIER
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Note: Pins in parentheses are for test purposes only,

118538-001A

and should be left unconnected for normal chip operation.
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid combination)
is formed by a combination of:
AM33C93A -20 J

c
T——-——-— OPTIONAL PROCESSING
Blank = Standard processing

TEMPERATURE RANGE
C = Commercial {0 to +70°C)

PACKAGE TYPE
P= 40-Pin Plastic DIP (PD 040)
J = 44-Pin Plastic Leaded Chip Carrier

(PL 044)
SPEED OPTION
-16 =16 MHz
-20 =20 MHz
— DEVICE NUMBER/DESCRIPTION
Am33C93A
Valid Combinations . o , . Valiq Combinations ' .
Valid Combinations list configurations planned to be supported in volume for this
AMB33C93A-16 Ic PCV device. Consult the local AMD sales office to confirm availability of specific valid
AM33C93A20 ; combinations, to check on newly released combinations.
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PIN DESCRIPTIONS

Processor/DMA Interface

Name

Vo

Function

A0

(DRQ)

D7-Do
bP

le]

e}

1o

o

o
1o

8-20 MHz square wave clock.

Reset is an active-low input which forces the Am33C93A into an idle state. All SCSI signals are
forced to the negated state.

Interrupt Request to external microprocessor indicates a command completionftermination or a
need to service the SCSI interface. Reading the SCSI STATUS register clears this bit.

Read Enable is an active-low input which is used with CS to read a register or with DACK to access
the DATA register in DMA mode. In DBA Bus mode, it is used as an output to read data from a
sector buffer. (TRI-STATE)

Write Enable is an active-low input which is used with CS to write a register or with DACK to access
the DATA register in DMA mode. In DBA Bus mode, it is used as an output to write data to a sector
buffer. (TRI-STATE)

Chip Select is an active-low input which qualifies RE and WE when accessing a register. This sig-
nal must be inactive during a DMA cycle (DACK active in DMA and Burst DMA mode, or DRQ
active in DBA Bus mode).

Address pin A0 is used to access the internal registers for non-multiplexed address/data busses
(i.e. the ALE pin is grounded). The address of the desired register is loaded into the ADDRESS
register during a write cycle with A0=0. The selected register is then accessed when A0O=1.

Address Latch Enable is used for multiplexed address/data busses to load the address of the
desired Am33C93A register from the data bus. If indirect addressing is to be used, the ALE pin
should be grounded. See the description of the ADDRESS register for a complete discussion of
direct and indirect addressing.

DMA acknowledge input used for interfacing to an external DMA controller {e.g. 8237). When
DACK is low, all bus transfers are to/from the DATA register regardless of the contents of the
ADDRESS register. In DBA Bus mode, this pin functions as a RAM chip select output to allow the
Am33C93A 1o access a sector buffer. RE and WE are outputs when RCS (RAM Chip Select) is
active. Since this pin can be an open drain output, a puliup resistor may be required when
operating in DBA Bus mode.

Data request is an output when interfacing to an external DMA controller, and an input when in
DBA Bus mode. When used with an external DMA controller, DRQ and DACK form the handshake
for the data-byte transfers. In Burst mode, DRQ remains low as long as there is data to transfer. In
DBA Bus mode, the Am33C93A performs burst transfers while DRQ is high, and when DRQ s low,
data transfers are inhibited, RCS is false, and the RE and WE outputs are disabled. Since this pin
can be an open drain output, a pullup resistor may be required when operating in DMA or Burst
mode.

Processor data bus.

Data Parity, used only for checking/generating parity during data transfers.

SCSI Interface

Name /0 Function

ATN 1o ATN is an output in the initiator role and an input in the target role. It is used to indicate the
ATTENTION condition.

ACK 1o ACK is an output in the initiator role and an input in the target role. It is used to indicate an
acknowledgement for a REQ/ACK data transfer handshake.

MSG lle} MSG is an input in the initiator role and an output in the target role. It is asserted during a
MESSAGE phase.

CD lle} C/D is an input in the initiator role and an output in the target role. It is used to indicate whether
CONTROL or DATA information is on the SCSI data bus.

REQ Vo REQ is an input in the initiator role and an output in the target role. It indicates a request for a REQ/

ACK data transfer.

Am33C33A 1-7
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SCSI Interface (Cont.)

Name /0 Function
70 l{e} 770 is an input in the initiator role and an output in the target role. It controls the direction of data
movement on the SCS| data bus with respect to an Initiator.
SD0-SD7 lle} SCSl data bus.
5DP e SCS! data bus parity signal.
BSY e} BSY is asserted when the Am33C93A is attempting to arbitrate for the SCSI bus or when

connected as a Target.

SEL 1o EL is asserted when the Am33C93A is attempting to select or reselect another SCS| device.

Note: All pins have open-drain output drivers.

Am33C93A REGISTERS
Register Map
Address

A0 R/'W Register Accessed (HEX)
o] R AUXILIARY STATUS REGISTER XX
] w ADDRESS REGISTER XX
1 R/W OWN ID REGISTER /CD8B SIZE 00
1 R/W CONTROL REGISTER 01
1 R/W TIMEOUT PERIOD REGISTER 02
1 R/W TOTAL SECTORS REGISTER /CDB 1ST 03
1 R/W TOTAL HEADS REGISTER /CDB 2ND 04
1 R/W TOTAL CYLINDERS REGISTER (MSB) /CDB 3RD 05
1 R/W TOTAL CYLINDERS REGISTER (LSB) /CDB 4TH 06
1 R/W LOGICAL ADDRESS (MSB) - /CDB 5TH 07
1 R/W LOGICAL ADDRESS (2ND) /CDB 6TH 08
1 R/W LOGICAL ADDRESS (3RD) /CDB 7TH 09
1 R/W LOGICAL ADDRESS (LSB) /CDB 8TH OA
1 R/W SECTOR NUMBER REGISTER /CDB 9TH cB
1 R/W HEAD NUMBER REGISTER /CDB 10TH 1]
1 R/W CYLINDER NUMBER (MSB) REGISTER /CDB 11TH oD
1 R/W CYLINDER NUMBER (LSB) REGISTER /CDB 12TH OE
1 R/W TARGET LUN REGISTER oF
1 R/W COMMAND PHASE REGISTER 10
1 R/W SYNCHRONOUS TRANSFER REGISTER 11
1 R/W TRANSFER COUNT REGISTER (MSB) 12
1 R/W TRANSFER COUNT REGISTER (2ND BYTE) 13
1 R/W TRANSFER COUNT REGISTER (LSB) 14
1 R/W DESTINATION ID REGISTER 15
1 RW SOURCE ID REGISTER 16
1 R SCSISTATUS 17
1 R/W COMMAND REGISTER 18
1 R/W DATA REGISTER 19
1 R AUXILIARY STATUS (DIRECT ADDRESSING MODE) 1F

Notes: 1. All unused bits of a defined register are reserved and must be zero.

Reading an undefined or unavailable register results in an all-ones data bus output.

w

Register addresses are determined by the ADDRESS register bits AR7 through ARO.

4. When using a multiplexed address/data bus with ALE, the AO pin is ignored and the ADDRESS register is loaded
with ALE. In this mode, the AUXILIARY STATUS register is mapped at hex 1F.

5. See Page 14 for a description of how reset affects the internal registers.

1-8 Am33C93A
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Register Descriptions
AUXILIARY STATUS REGISTER

(Address Hex 1F)

The AUXILIARY STATUS register is a read-only register STATUS register may be accessed at any time, except
which contains general status information not directly during DMA accesses (DACK asserted in DMA/Burst
associated with the interrupt condition. The AUXILIARY mode or DRQ asserted in DBA bus mode).

7 0
[INTTrci]Bsy[cip] o | o [ PE [DBR|

DATA BUFFER READY
PARITY ERROR
Not Used
Not Used
COMMAND IN PROGRESS BUSY
LAST COMMAND
IGNORED
INTERRUPT PENDING
11853-004A

Bit Name

Description

0 DBR

4 CiP

5 BSY

6 LCI

7 INT

DATA BUFFER READY is used during programmed I/O to indicate to the processor whether
or not the DATA register is available for reading or writing. During Send or Transfer
commands which transmit data over the SCSI bus, the DBR bit is set when the Am33C93A
is ready to take a byte from the host; the bit is reset when the processor writes the byte to the
DATA register. During Receive or Transfer commands which receive data over the SCSI
bus, the DBR is set when a byte is received; it is reset when the processor reads the byte
from the DATA register.

PARITY ERROR status indicates that even parity was detected on a data byte received
during an information transfer. Parity is checked on data received from the host bus during
transfers out to the SCS! bus and is checked on data received from the SCSI bus during
transfers out to the host bus. Detection of a parity error will set the PE status bit regardiess of
the state of the HHP or HSP bits in the CONTROL register. The PE bit is cleared when a new
command is issued.

COMMAND IN PROGRESS, when set, indicates that the Am33C93A is interpreting the last
command entered into the COMMAND register and therefore this register is unavailable.
When this bit is reset, a command may be written to the COMMAND register.

BUSY indicates that a Level Il command is currently executing and therefore only the
COMMAND register (when CIP = 0), the DATA register, and the AUXILIARY STATUS
register are accessible by the host. A Level Il command may not be written to the
COMMAND register when this bit is one.

LAST COMMAND IGNORED indicates that a command was issued by the host just prior to
or concurrent with a pending interrupt, and therefore the command will be ignored.

INTERRUPT PENDING indicates that the INTRQ pin is asserted. The host should read the
SCSI STATUS register to clear INTRQ prior to issuing any commands.

Am33C93A 1-9
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ADDRESS REGISTER

(Address XX Hex)

The ADDRESS register is a write-only register which
contains the address of the register to be accessed.
Registers in the Am33C93A may be accessed in one of
two ways:

« Direct addressing {multiplexed address/data bus-
ses). In direct addressing, the falling edge of the
ALE signal is used to latch the address into the
ADDRESS register. The A0 pin should be con-
nected to ground when using this method. The ALE
is typically then followed by the CS and WE or RE
signals that access the selected register. Also, in
direct addressing, the AUXILIARY STATUS regis-
ter is located at address 1F hex.

Indirect addressing (separate address/data bus-
ses). In indirect addressing, the register access is
performed in two separate cycles. This method is
enabled by attaching ALE to ground. First, the
ADDRESS register is loaded by performing a write
of the desired address to the Am33C93A (WE and
TS asserted) with A0=0. Then the register is ac-
cessed by asserting CS and WE or RE, with A0=1.
Also, following every access with A0=1, the AD-
DRESS register will automatically increment to
point at the next register, with the exception of the
following locations: AUXILIARY STATUS register,
DATA register, and the COMMAND register. In
indirect addressing, the AUXILIARY STATUS
registeris accessed by performing a read (CS and
RE asserted) with A0=0.

; Own ID/CDB Size Register

0

OWN ID/CDB SIZE REGISTER

(Address 00 Hex)

The OWN ID/CDB SIZE register, in its first mode, con-
tains both the encoded ID of the Am33C93A on the
SCSI bus and several control bits that are used to
initially configure the device during the "Reset”
command. These bits control ‘advanced feature’
selection, host bus parity enable, and selection of the
divisor for the input clock. In its second mode (when
advanced features are enabled, see p.16), this register
is used during the combination commands to specify
the SCSI CDB size if the command group is unknown to
the Am33C93A.

in the first mode, this register (as defined below) is
sampled and becomes effective only after a “Reset”
command is issued to the device. This register must be
initialized, and a “Reset” command must then be is-
sued, following a hardware reset to set the SCS! bus ID,
the clock divisor, and the operating modes before any
other commands are issued.

In the second mode, bits 3-0 of this register are used
during the Select-and-Transfer and Wait-for-Select
commands to specify the SCSI Command Descriptor
Block size if it is not a group 0, group 1, or group 5
command. This mode is enabled only when advanced
features are enabled (see p.16).

[Fs1[Fso] o JeHP[EAF]ID2]1D1]1D0]

iDbit0
ID bit 1
ID bit 2
Enable Advanced Features

Enable Host Parity
Not Used

FREQUENCY SELECT ¢

11853-005A

FREQUENCY SELECT 1

Bit Name Description

0-2 IDn SCSI ID Bits 0-2 set the SCSI bus 1D number that the Am33C93A will use during arbitration
and selection.

3 EAF ENABLE ADVANCED FEATURES, when set to one, causes the Am33C93A to enable
certain advanced features (see Page 16). When this bit is zero, those features are disabled.

4 EHP ENABLE HOST PARITY, when set to one, enables odd parity checking on the host bus; the

PE bit in the AUXILIARY STATUS register will indicate parity errors detected on the host
bus, and the HHP bit in the CONTROL register will be used. When this bit is zero, no
checking is performed on the host bus; the PE bit is not set when a parity error is detected on
the host bus, and the HHP bit must be set to zero. NOTE: Parity is always generated on the
host data parity bit {DP), regardless of the state of this bit.

Am33C93A
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Bit

Name

Description

67

FSn

FREQUENCY SELECT 0-1 select the divisor that is applied to the input clock. The resulting
clock is used for data transfer timing and for SCSI bus arbitration timing. The table below
shows input clock frequency ranges and the corresponding divisors. The correct divisor for
the input clock must be used, or SCSI bus timing specifications may not be met.

INPUT CLOCK
FREQUENCY RESULTING
(MHZ) FS1 FSO DIVISOR

8-10 0 2
12-15 1 3
0
1

16-20
XX

—_—_to

4
Undefined

Note that an 11 MHZ clock rate should not be used, as the
resulting SCSI bus clear delay may violate SCSI specifications.
The formula for computing the maximum SCSI data transfer rate
is:

Input Clock Fequenc
Maximum SCSI Transfer Rate = PeQUeN®Y  Mbytessec]
Clock Divisior

CONTROL REGISTER
(Address 01 Hex)

The CONTROL register is used to enable/disable certain functions, such as response to parity errors and the SCSI
attention condition, interrupt handling, and data transfer modes.

7 0
[om2]om1]omo[HHP] EDI T 1DI | HA THSP]

HALT on SCSI PARITY ERROR
HALT on ATTENTION
INTERMEDIATE DISCONNECT INT
ENDING DISCONNECT INTERRUPT
HALT on HOST PARITY ERROR
DMA Mode Select bit 0

DMA Mode Select bit 1

DMA Mode Select bit 2 11853-006A

Bit

Name

Description

HSP

HA

IDI

The HALT on SCSI PARITY ERROR bit enables the Am33C93A to immediately terminate a
Receive or Transfer command if a parity error is detected on an incoming SCS| data byte. In
the Initiator role, termination due to a SCSI parity error causes the ACK pin to be left in the
active state in order to inhibit any additional data transfers (REQs) by the Target; this
facilitates error handling with the Target. Synchronous data transfers check parity every
4096 bytes, or at the end of the remaining transfer count, whichever is less. Asynchronous
transfers check parity on every byte.

The HALT on ATTENTION bit (in Target mode only) enables the Am33C93A to terminate a
Send or Receive command if the ATN input is asserted. This normally indicates that the
Initiator detected a parity error while receiving data from the Am33C93A. The ATN input is
tested before the start of a data transfer, every 4096 bytes if the transfer count is greater than
4096, and after the end of the transfer. These rules apply to both synchronous and
asynchronous transters.

The INTERMEDIATE DISCONNECT INTERRUPT bit, when set, enables the Am33C93Ato
generate an 85H interrupt and complete a Select-and-Transfer command if the Target
disconnects according to the defined SCSI protocol. When this bit is reset, no interrupt is
generated by a valid disconnect. This feature, when used with the Resume Select-and-
Transfer command, provides support for overlapped SCSI operations. IDl is aiso used to
select execution options in Target mode Combination commands that serve to reduce host
system overhead. (Refer to COMMANDS, p.15 for more details.)

Am33C93A 1-11
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Bit Name Description

3 EDI When the ENDING DISCONNECT INTERRUPT bit is set, the 16H interrupt which normally
follows the COMMAND COMPLETE message during the execution of a Select-and-Transfer
command will be suppressed until the Target disconnects from the SCSI bus. EDI is also
used in the Target mode Combination commands to enable chaining between those
commands, resulting in reduced host system overhead. Refer to COMMANDS p.15 tor more
details.

4 HHP The HALT on HOST PARITY ERROR bit enables the Am33C93A to immediately terminate
a Send or Transfer command if a parity error is detected on an incoming host data byte. Host
parity errors are checked according to the rules for checking SCSiI parity errors. However, a
halt on a host parity error will not hold the ACK signal asserted when an error occurs. Host
parity checking is performed at the same intervals as SCSI parity checking.

5-7 DMx DMA MODE SELECT bits 2-0 are used to select the DMA mode of operation, which
describes the host bus transfer mode used during Data In or Data Out phases. The following
table describes the different DMA modes, and the state of these bits to select them:

DM2  DM1 DMO DMA Mode Selected

0 0 0 POLLED MODE, or no DMA enabled. All data phase transfers are
perfarmed by poliing for DBR in the AUXILIARY STATUS register, and
then writing (reading) the data to (from) the DATA register.

0 0 1 BURST MODE selects a demand-mode DMA interface. In this mode,
the DRQ signal will be active as long as there is data/space in the
internal FIFO to allow the transfer to continue. The DMA controller
responds by asserting DACK and RE/WE as long as DRQ is active.

0 1 0 DBA BUS MODE is selected when the Am33C93A is connected to a
DBA Bus. This mode also can be cailed Direct Buffer Access (DBA)
mode. In this mode, the Am33C93A acts as a bus master, and all data
access signals reverse their direction: The DRQ cutput signal becomes
the DRQ input, which enables the Am33C93A to drive the buffer bus
control signals. The DACK output signal becomes the RCS input, which
is asserted as a chip select for the butfer. The RE and WE inputs become
outputs which drive the read and write functions of the RAM buffer. As
long as the DRQ signal is asserted, transfers will continue in a burst
manner, until the transfer is complete or it decides to pause the transfer
by negating the DRQ signal; one more transfer may occur after this
transition, and then the DACK, RE, and WE signals are negated.

1 0 0 DMA MODE is selected when the Am33C93A is to be used with a DMA
controller in single-byte transfer mode. In this mode, DRQ is asserted
and then negated, and the DMA controller responds by asserting DACK
and WE or RE, for each data byte transferred to/from the Am33C93A.

TIMEQUT PERIOD REGISTER The constant ‘80’ scales the units of the equation, as is

(Address 02 Hex)

The TIMEOUT PERIOD register is an 8-bit register
containing a preset value which determines the timeout
period for Select and Reselect commands. This value
may be calculated as a function ot the input clock fre-
quency and the desired timeout period, as shown in the
following equation:

. Tper « Ficlk
register value = BT

Where:
Tper = The desired timeout period in milliseconds;

Ficlkk = The input clock frequency at the CLK pin in
MHz {with no divisor applied).

based on the internal timeout cycle time. The user
should round the resulting ‘register value’ up to the next
integral value to ensure that the user’s minimum timeout
requirement is met.

The timeout period specifies how long the Am33C93A
will wait for a response {indicated by assertion of the
BSY signal) after it has begun the selection phase (as-
sert SEL and negate BSY) before terminating the com-
mand. The timeout function can be disabled by loading
the TIMEQUT PERIQD register with zero.

NOTE: The following twelve registers are used exclusively by
the Translate Address and/or “combination” com-
mands. The function of each register is determined by
the type of command issuved.

1-12 Am33C93A



AMD n

TOTAL SECTORS REGISTER/CDB 1ST BYTE
(Address 03 Hex)

Translate Address: The TOTAL SECTORS register
should be set to the total number of sectors per track
prior to issuing a Translate Address command.

Select-and-Transfer: This register should be loaded
with the first byte of the COMMAND DESCRIPTOR
BLOCK before issuing a Select-and-Transfer com-
mand.

Wait-for-Select-and-Receive: The Am33C93A will store
the first byte of the received CDB in this register.

TOTAL HEADS REGISTER/CDB 2ND BYTE
(Address 04 Hex)

Translate Address: This register holds the total number
of heads during a Translate Address command.

Select-and-Transfer: This register should be loaded
with the second byte of the CDB before issuing a
Select-and-Transfer command.

Wait-for-Select-and-Receive: The Am33C93A will store
the second byte of the received CDB in this register.

TOTAL CYLINDERS REGISTER/CDB 3RD AND 4TH
BYTES

(Address 05, 06 Hex)

Translate Address: This is a 16-bit register which holds
the total number of cylinders.

Select-and-Transfer: This register should be loaded
with the third and fourth bytes of the CDB before issuing
a Select-and-Transfer command.

Wait-for-Select-and-Receive: The Am33C93A will store
the third and tourth bytes of the received CDB in this
register.

LOGICAL ADDRESS REGISTER/CDB 5TH-8TH
BYTES

(Address 06, 07, 08, 09, OA Hex)

Translate Address: The LOGICAL ADDRESS register
is a 32-bit register which should be loaded with the
logical address to be translated prior to issuing the
Translate Address command.

Select-and-Transfer: For six byte CDBs, only the first
two bytes of this register are loaded with the fifth and
sixth bytes of the CDB. For ten and twelve byte CDBs,
this register is loaded with the fifth, sixth, seventh, and
eighth bytes of the CDB.

Wait-for-Select-and-Receive: The Am33C93A will store
the fifth, sixth, seventh (if any), and eighth (if any) bytes
of the received CDB in this register.

SECTOR NUMBER REGISTER/CDB 9TH BYTE
(Address 0B Hex)

Translate Address: This register will contain the

resulting sector number following a Translate Address
command.

Select-and-Transfer: This register should be loaded
with the ninth byte of a ten or twelve byte CDB before
issuing a Select-and-Transfer command.

Wait-for-Select-and-Receive: The Am33C93A will store
the ninth byte of a ten or twelve byte received CDB in
this register.

HEAD NUMBER REGISTER/CDB 10TH BYTE
(Address 0C Hex)

Translate Address: The HEAD NUMBER register con-
tains the resulting head number following a Translate
Address command. If automatic compensation for
spare sectors on a disk is to be performed by the
AmM33C93A, then the number of spare sectors per cylin-
der must be written into this register before issuing the
Translate Address command. It should be noted that
when compensation is used, the maximum number of
cylinders allowed is 4096, and the maximum number of
heads is 15. An initial value of zero in this register
indicates that no compensation is to be performed.

Select-and-Transfer: This register should be loaded
with the tenth byte of a ten or twelve byte CDB before
issuing a Select-and-Transfer command.

Wait-for-Select-and-Receive: The Am33C933A will store
the tenth byte of a ten or twelve byte received CDB in
this register.

CYLINDER NUMBER REGISTER/CDB 11TH AND
12TH BYTES

(Address 0D, OE Hex)

Translate Address: The CYLINDER NUMBER register
is a 16-bit register which contains the resulting cylinder
number following execution of the Translate Address
command. When a Translate Address command involv-
ing automatic compensation for spare sectors is issued
(i.e. the HEAD NUMBER register initially contains a
nonzero value), then this register must be loaded with
total number of sectors per cylinder (total sectorsArack »
total heads — total spare sectors/cyl) before issuing the
command.

Select-and-Transfer: This register should be loaded
with the eleventh and twelfth bytes of a twelve byte CDB
before issuing a Select-and-Transfer command.

Wait-for-Select-and-Receive: The Am33C93A will store
the eleventh and twelith bytes of a twelve byte received
CDB in this register.

Send-Status-and-Command-Complete: The CDB11
register is used to specify the returned status byte to be
sent during a Send-Status-and-Command-Complete
command. The CDB12 register is used to determine the
type ot Command-Complete message sent by the
Am33Ca3A. If bit 0 of the CDB12 register is set to one,

Am33C93A
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then-a linked Command Complete message will be sent
during command execution. In this case, bit 1 of the
CDB12 register is used as a FLAG bit to determine
whether a 0A hex (FLAG=0) or a OB hex (FLAG=1)
Linked Command Complete message is sent. If bit 0 is
zero, then a simple Command Complete message (00
hex) is sent.

TARGET LUN REGISTER

(Address OF Hex)

The TARGET LUN register is used to hold both the
Logical Unit Number (LUN) and Target status informa-
tion during various Am33C93A commands and
sequences. During a Select-and-Transfer or Reselect-
and-Transfer command, the contents of this register
(along with the SOURCE ID register) are used to
generate and check the IDENTIFY messages trans-
ferred across the SCSI bus. In addition, the TARGET
LUN register is used to hold the Target Status byte
received during a Select-and-Transfer command.

During Wait-for-Select-and-Receive commands, this
register may hold the image of the ldentify message
received from the Initiator. If the TLV bit is zero, there
was no Identify message received. If the TLV bit is one,
then a valid identify message was received. The DOK
bit will then indicate whether of not the Initiator has
enabled disconnects.

During Reselect-and-Transfer commands, this register
is used to set the LUN to be used in the ldentify mes-
sage sent to the Initiator after Selection phase. The TLV
and DOK bits are not used.

7 0
[TLv]DOK]o]o]o] TL2] TL1 | TLO |

TARGET LUN bit 0
TARGET LUN bit 1
TARGET LUN bit 2
Not Used

Not Used

Not Used
Disconnects OK
TARGET LUN Valid

11853-007A

in advanced mode, during Select-and-Transfer com-
mands, this register is used to handle reselection by an
unexpected Target. In this case, this register will hold
the logical unit number of the reselecting target. The
TLV and DOK bits will be zero.

COMMAND PHASE REGISTER
(Address 10 Hex)

The COMMAND PHASE register is used during combi-
nation commands to indicate which phases of these

7 0
[o]cPs]cPs]cP4]cPa]cPz]cpPi|cPo|

Command Phase bit 0
Command Phase bit 1
Command Phase bit 2
Command Phase bit 3
Command Phase bit 4
Command Phase bit 5
Command Phase bit 6
Not Used

11853-008A

multi-phase commands have been completed. Thus, if
the command has terminated abnormally, the proces-
sor can read this register to determine the cause of the
termination and how to respond to it. This register is
also used to resume combination commands by loading
this register with a value that indicates the next desired
or expected bus phase, and reissuing the command.
Refer 1o the description of the specific commands for
details regarding the various command phases and
resume values.

SYNCHRONOUS TRANSFER REGISTER

(Address 11 Hex)

The SYNCHRONOUS TRANSFER register is used to
select between synchronous and asynchronous trans-
fers, and is also used to define the maximum transfer
rate. For information phases other than a “data” transfer
phase, or when the selected offset is zero
(OF3=0F2=0F1=0F0=0), asynchronous transfers will
occur. Values greater than zero define a synchronous
transfer mode and the offset is determined as shown
below. This offset determines the effective FIFO depth
for synchronous data transfers, and is typically deter-
mined by negotiation with the other SCSI device (as
defined in the SCSI standard). The Transfer Period
control bits select the minimum transfer period for both
synchronous and asynchronous SCSI transfers and, i
DBA Bus mode is used, the transfer period and the
width of the RE/WE strobes for host transfers. The pe-
riod is defined in terms of the internal clock cycle time;
the frequency of this clock is determined by the divisor
selected in the OWN [D register.

7 4]
[o]TP2]TP1]TPoJOF3] OF2] OF 1] OF0|

OFFSET bit 0

OFFSET bit 1

OFFSET bit 2

OFFSET bit 3
TRANSFER PER. bit 0
TRANSFER PER. bit 1
TRANSFER PER. bit 2
Not Used

11853-009A
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Bit Name Description
0-3 OFx The OFFSET bits are used to select the desired offset according to the following:
3 2 1 0 Selected Offset
0 0 0 0 0 (=Asynchronous data phase transfers)
o o o0 1 1
0 0 1 0 2
o o0 1 1 3
o 1 0 o0 4
o 1 o0 1 5
0o 1 1 0 6
0o 1 1 1 7
1 0 ©0 o0 8
i 0 0 1 9
1 0 1 0 10
1 0 1 1 1
1 1 0 0 12
1 1 o] 1 Undefined
1 1 1 X Undefined
4-6 TPx The TRANSFER PERIOD bits are used to select the desired transfer period according to the

following table:

ScCsi DBA Bus (SCSI REQVACK Synchronous Puise Width
6 4 Transfer Period and DBA Bus RE/WE Pulse Width)
0 0 X 8 cycles (4 cycles)
0o 1 0 2 " a1 ")
o 1 1 3 " (1 )
1 0o 0 4 (2 )
1 o 1 5 3 ")
1 1 0 6 " 4 ")
1 1 1 7" 4 "}

The ‘cycle’ referred to above is the period of the internal data transfer clock after the divisor chosen in the OWN ID register is

applied. This period is calculated by the following formula:

CYCLE =

DIVISOR (from OWN ID)
2« INPUT CLOCK FREQUENCY (MHz)

(usec)

TRANSFER COUNT REGISTER

(Address 12, 13, 14 Hex)

The TRANSFER CCOUNT register is a 24-bit register
containing a preset value for the internal transfer
counter. This preset value is loaded into the internal
transfer counter when a Send, Receive, or Transfer
command is issued. This counter is used to define
command completion by decrementing as each data
byte is transferred over the SCSI bus and causing a
“successiul completion” interrupt when the counter
reaches zero. In Combination commands, this register
specifies the number of bytes to be transferred during a
Data phase.

The counter function can be disabled by loading the
TRANSFER COUNT register with zeros prior to
issuing a command or by setting the SINGLE-BYTE
TRANSFER bit in the COMMAND register concurrent
with issuing the command. if the counter is disabled, the

Send, Receive, or Transfer command will be completed
when a single byte has been transferred.

After the completion of any successful transfer, the
TRANSFER COUNT register will be zero. This includes
commands issued in Single Byte Transfer mode.

When a transfer is interrupted by a halt on error condi-
tion, a SCSI bus phase change, or an abort, the
TRANSFER COUNT register will contain the number of
bytes NOT successfully transferred to/from the SCSI
bus, including any bytes left in the FIFO (see DATA
register). This FIFO clearing process may cause the
TRANSFER COUNT register to differ with the user’s
DMA controller count, because some bytes may have
been transferred into the FIFO, but not to the SCSI bus;
therefore, the TRANSFER COUNT should be used to
determine the actual number of bytes transferred to/
from the SCSI bus.

Am33C93A
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DESTINATION ID REGISTER

(Address 15 Hex)

The DESTINATION ID register contains the encoded  issued. This register also contains control bits that affect
SCSI bus ID of the device which is to be selected or  the operation of certain combination commands.
reselected when a Reselect or Select command is

{&;CIDPD] o J o] o |Di2fDn IDToJ

DESTINATION ID bit 0
DESTINATION ID bit 1
DESTINATION iD bit 2

Not Used
Not Used
Not Used
DATA PHASE DIRECTION
SELECT COMMAND CHAIN 11853-010A
Bit Name Description
6 DPD DATA PHASE DIRECTION, when advanced features are enabled (see p.14), is used to
specify the expected direction of the SCSI data phase, when it occurs. This allows the
Am33C93A to verify the direction during Select-and-Transfer commands before beginning
the transfer. When this bit is zero, the expected direction is out (to the Target). When this bit
is one, the expected direction is in (from the Target). An unexpected information phase error
will occur if the direction does not match the setting of this bit.
7 SCC SELECT COMMAND CHAIN is used only when the Reselect-and-Transfer command is

issued with EDI=1. This bit selects which command is chained to when the data transfer is
completed. When this bit is zero, a Send-Status-and-Command-Complete command begins
executing. When this bit is one, a Send-Disconnect-Message command begins executing.

SOURCE ID REGISTER

(Address 16 Hex)

The SOURCE ID register is used to report the SCSI bus ID of the device that has selected or reselected the
Am33Ca3A. It also contains bits that enable and control response to selection and reselection.

IER [Es JosP] o [siv]si2]si] swl

SOURCE 1D bit O (read only)

SQURCE D bit 1 (read only)

SOURCE ID bit 2 (read only}

SOURCE D VALID (read only)

Not Used

DESABLE SEL./RESEL. PARITY
ENABLE SELECTION

ENABLE RESELECTION 11853-011A

Bit Name

Description

5 Dsp

3 Siv

ENABLE RESELECTION, when set to one, enables the Am33C93A to respond to a
reselection by another device on the SCSI bus. When this bit is zero, any reselection is
ignored.

ENABLE SELECTION, when set to one, enables the Am33C93A to respond to a selection
by another device on the SCSI bus. When this bit is zero, any selection is ignored.

DISABLE SELECT PARITY, when set to one, causes the Am33C93A to ignore the bus
parity when responding to selection or reselection. When this bit is zero, any selection or
reselection with a parity error is ignored.

SOURCE ID VALID is set to one after the Am33C93A is selected or reselected if the other
SCSl bus device asserted its own bus 1D bit {in addition to the bus ID bit of the Am33C83A)
during the select/reselect phase. This bit is zero if only the bus ID bit of the Am33C33A was
assered.

SOURCE ID Bits 2-0 are valid only if the SIV bit is set to one. These bits indicate the SCSI
bus ID of the device that selected or reselected the Am33C93A.

Am33C93A
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SCSI STATUS REGISTER

(Address 17 Hex)

The SCSI STATUS register is a read-only register
which indicated the cause of the most recent INTRQ
assertion. INTRQ is asserted whenever a condition
occurs within the Am33C93A that requires intervention
by the host; for example:

« The Am33C93A has been reset;

« The command completed successfully;
» The bus phase changed;

« An error occurred.

Once INTRQ has been asserted, the contents of this
register will not change until after the SCS! STATUS
register has been read or until the Am33C93A has been
reset.

7 0
[ss7[sse[ss5]ss4[ss3]ss2]ss1]ss0]|

SCSIi STATUS bit 0
SCSI STATUS bit 1
SCSI STATUS bit 2
SCSI STATUS bit 3
SCSI STATUS bit 4

SCSI STATUS bit 5

SCSI STATUS bit 6

SCSI STATUS bit 7 118530124

Bit Name Description

0-3 SSx SCSI STATUS bits 0-3 are status qualifiers whose meaning depends upon which upper
(4-7) status bit is set.

4-7 SSx SCSI STATUS bits 4-7 define the type of interrupt that occurred. The possible codes are

defined in the following table:

Status Code ) - Group Meaning
0000 XXXX The Am33C83A is in a reset state.
0001 XXXX A Am33C93A command has completed successtully.
0010 XXXX A Am33C93A command has paused or was aborted by an Abort command.
0100 XXXX A Am33C93A command has been terminated prematurely due to an error or
other unexpected condition.
1000 XXXX An event on the SCSI bus requires service.

All other Status Code groups are currently not used and
are reserved for future use.

In the following tables, the ‘STATE’ column indicates
the current state in which the Status Code can occur.
Also, the MCI field refers to the signals that define a
SCSI bus information transter phase: MSG, C/D, and
110. A bit set to one indicates that the signal is asserted
on the SCSI bus. A zero indicates negation. Whenever
one of these Status Codes occurs, the REQ signal is
asserted on the SCSI bus. The table below summarizes
the meaning of the MCI field:

MCI CODE MEANING
000 Data Out phase
001 Data In phase
010 Command phase
011 Status phase
100 Unspecified Info Out phase
101 Unspecified Info In phase
110 Message Out phase
111 Message In phase

Am33C93A
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Reset State Interrupts

Status Code State* Specific Meaning

0000 0000 DTl Am33C9A3 Reset. The device has been reset, or a Reset command has executed
successfully with no advanced features enabled. The new state of the Am33C93A is

: disconnected.

0000 0001 DT! Am33C93A Reset. The device has successfully completed a Reset command with
advanced features enabled. The new state of the Am33C93A is disconnected.

Successful Completion Interrupts
Status Code State* Specific Meaning

0001 0000 D A Reselect command completed successfully. The new state of the Am33C93A is
connected as a Target.

0001 0001 D A Select command completed successfully. The new state of the Am33C93A is
connected as an Initiator.

0001 0010 —_ Reserved for future use.

0001 0011 DT A Receive, Send, Reselect-and-Transfer, Wait-for-Select-and-Receive, Send-Status-
and-Command-Complete, or a Send-Disconnect- Message command completed suc-
cesstully (ATN is not asserted).

D001 0100 DT A Receive, Send, Reselect-and-Transfer, Wait-for-Select-and-Receive, Send-Status-
and-Command-Complete, or a Send-Disconnect-Message command completed
successfully (ATN is asserted).

0001 0101 DT A Translate Address command completed successfully.

0001 0110 DI A Select-and-Transfer command completed successtully.

0001 0111 — Reserved for future use.

0001 1MCI | A Transter (non-MESSAGE IN phase) command completed successfully. MCl defines the
new infarmation type (SCSI bus phase) being requested.

Paused or Aborted Interrupts

Status Code State* Specific Meaning

0010 0000 | A Transter Info (MESSAGE-IN phase) command has paused with ACK asserted. This
allows the host to examine the message before accepting it.

0010 0001 1 A Save-Data-Pointer message was received during a Select-and-Transfer command. The
host should save its current data buffer pointer.

0010 0010 D A Select or Reselect command was aborted.

0010 0011 T A Receive or Send command has halted by an error or was aborted (ATN is not asserted).

0010 0100 T AReceive or Send command has halted by an error or by assertion of ATN or was aborted
(ATN is asserted).

0010 0101 — Reserved for future use.

0010 0110 — Reserved for future use.

0010 0111 D The Am33C93A has been reselected during a Select-and-Transfer (with ID{=0) by a
Target that does not match the SCSI bus ID loaded into the DESTINATION ID register or
the foliowing Identify message did not match the LUN loaded into the TARGET LUN
register. ACK has been left asserted following the Identify message, and the bus ID and
LUN of the reselecting Target are available in the SOURCE ID and TARGET LUN
registers.

0010 1MCI | A Transfer command was aborted. MC! define the new information type (SCSI bus phase)

being requested.

* D = Disconnected
T = Connected as a Target
I = Connected as an Initiator
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Terminated Interrupts

Status Code State* Specific Meaning

0100 0000 DTi An invalid command was issued.

06100 0001 1 An unexpected disconnect (SCS! bus free) by the Target caused a command to terminate.
The new state of the Am33C93A is disconnected.

0100 0010 D A timeout accurred during a Select or Reselect command. The state of the Am33C93A is
disconnected.

0100 0011 Tl A parity error caused a command to terminate (ATN is not asserted). The transfer direction
determines whether it is a SCS! or host parity error.

0100 0100 Tl A parity error caused a command to terminate (ATN is asserted). The transter direction
determines whether it is a SCSt or host parity error.

0100 0101 DT The Logical Address exceeded the disk boundaries.

0100 0110 D A Target whose SCS| bus device 1D does not match the bus ID set in the DESTINATION ID
register has reselected the Am33C93A during a Select-and-Transfer command (with IDI=0).
This interrupt occurs when the Am33C93A is not in Advanced Mode. The new state of the
Am33C93A is connected as an Initiator.

0100 0111 | An incorrect status byte was received during a Select-and-Transfer command.

0100 1MCI | An unexpected information phase was requested. MCI define the SCSI bus phase which is
requested. This is typically caused by a phase change before the Transfer Count has
reached zero or by an unexpected phase sequence occurring during a Select-and- Transfer
command.

Service Required Interrupts
Status Code State* Specific Meaning

1000 0000 D The Am33C93A has been reselected. The new state of the Am33C93A is connected as an
Initiator. No Identify message transfer has yet occurred.

1000 0001 D The Am33C93A has been reselected in Advanced Mode. The SCSI bus ID of the Target
may be read from the SOURCE ID register. The Identify message from the Target may be
read from the DATA register. The ACK signal is left asserted. The new state of the
Am33C9a3A is connected as an Initiator.

1000 0010 D The Am33C93A has been selected (ATN was not asserted). The new state of the
Am33C93A is connected as a Target.

1000 0011 D The Am33C0A3A has been selected (ATN was asserted). The new state of the Am33C93A is
connected as a Target.

1000 0100 T The ATN signal has been asserted.

1000 0101 | A disconnect has occurred. The new state of the Am33C93A is disconnected.

1000 0110 —_ Reserved for future use.

1000 0111 T The Wait-for-Select-and-Receive command has paused because the first byte of the
incoming CDB is not a known command group. The OWN ID register must be loaded with
the CDB length, and the command resumed. The CDB1 register may be examined to
determine the SCSI command group from the opcode. The new state of the Am33C93A is
connected as a Target. (Advanced Mode only)

1000 1MCI 1 The REQ signal has been asserted following connection or when the Am33C93A is in the

Initiator state and no command is executing. The information phase type should be exam-
ined. MC! define the information phase (SCSI bus phase) which is being requested.

* D = Disconnected
T = Connected as a Target
| = Connected as an Initiator
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COMMAND REGISTER

(Address 18 Hex)

The COMMAND register is used to issue the
AMB3C93A commands. This register should never be
loaded when the CIP or INT bits (in
AUXILIARYSTATUS) are set to one, and a Level Il
command should never be loaded when the BSY bit is
set to one.

The SINGLE-BYTE TRANSFER (SBT) bit in the
COMMAND register is only used during information
transfer type commands. When this bit is set in

conjunction with one of these commands, the transfer
counter is disabled and exactly one byte is to be
transferred, regardless of the value in the TRANSFER
COUNT register. The previous contents of the
TRANSFER COUNT register are not preserved.

Refer to the COMMANDS section for a description of
the commands and their corresponding command
codes.

7 0
[seT]ccs]ecs]cca]cea]ccefcct]cco|

COMMAND CODE Bit 0
COMMAND CODE Bit 1
COMMAND CODE Bit 2
COMMAND CODE Bit 3
COMMAND CODE Bit 4

COMMAND CODE Bit 5

COMMAND CODE Bit 6

SINGLE-BYTE TRANSFER

11853-013A

DATA REGISTER

(Address 19 Hex)

The DATA register is used to transfer data bytes be-
tween the host and the SCS! bus during the SCSt
information transfer phases (command, data, status, or
message phase). It may be accessed by the processor
during any type of information phase (simpie Level ii
commands) or via the DMA/DBA Bus interface during a
SCSI Data fn phase or Data Qut phase (simple and
combination Level Il commands).

The DATA register is actually a port for the host inter-
tace into the internal twelve byte FIFO of the
Am33C93A. The FIFO is used for all transfers
(synchronous and asynchronous) between the SCSI
bus and the host bus, for both DMA and processor
access transfers. If the Am33C93A is to be halted for
any reason (through ABORT, for example), then data
transfers with this FIFO must continue until an interrupt
occurs. This must be done so that the FIFO is returned
to a ready state for subsequent transfers, and to flush
incoming data to the host bus.

The DATA register is accessed by the processor during
a data phase when the CONTROL register DMA mode
select bits are all reset (=0), and when the DBR bit in the
AUXILIARY STATUS register is true. The processor
writes (reads) the DATA register by loading the
ADDRESS register with a hex value of 19 and asserting
the WE (RE) and CS pins. This access also occurs dur-
ing non-data phases.

When the CONTROL register DMA mode select bits are
set for DMA mode or BURST mode, the DMA interface
is enabled. In this case, the DATA register is written
(read) when the DACK and WE {RE) pins are asserted
in_response to the assertion by the Am33C93A of the
DRQ pin. When the DBA Bus is selected by the DMA
mode select bits, the RCS pin functions as an external

buffer chip select and the WE and RE pins become out-
puts, allowing the Am33C33A to automatically transter
data between its DATA register and the external buffer.
In this mode, bus control can be returned to the external
processor or any other device by negating the DRQ pin.

Reset Conditions

HARDWARE RESET
The following results occur_when the Am33C93A is
reset by the assertion of the MR signal:

The AUXILIARY STATUS register is reset to zero.
The INT bit (and the INTRQ pin) is set to one when
the hardware reset completes.

The OWN ID register is reset to zero.

Advanced mode is disabled.

The ES, ER, and DSP bits in the SOURCE ID
register are reset to zero.

The SCSI STATUS register is reset to zero.

The internal FIFO, internal transfer counter (not
the host accessible register), offsets, and state
machines are cleared.

The internal clock divider circuit is set to divide by
two. .

The following host accessible registers are NOT
affected by the MR signal:

Registers 01 hex through 15 hex;

SOURCE ID (16 hex) register bits 0-3;
COMMAND register (18 hex);

Note: The SCS! Soft Reset may be implemented by using the
SCSI bus reset signal to cause a reset of the
Am33C393A (for example, OR the host power on reset
signal with the received SCSI bus reset (RST) signal).
The host may examine the registers that are not af-
fected by the MR signal to recover from the SCS/ reset
condition.

1-20
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SOFTWARE RESET

The following results occur when the Am33C83A  « The OWN ID register is interpreted and the clock

executes the Software Reset command:

divisor, host parity, and advanced mode are con-

+ The DBR bit in the AUXILIARY STATUS register is figured.
reset to zero. The INT bit (and INTRQ pin) is set to » Registers 01 hex through 16 hex are reset to zero.
one when the Reset command is complete. The COMMAND register (18 hex) is also reset to

« All SCSI bus signals are reset to the negated state. zero.

+ The internal FIFO, internal transfer counter (notthe ~ * The SCSI STATUS register is set as commanded
host accessible register), offsets, and state by the EAF bit in the OWN ID register.

machines are cleared.

COMMANDS
Command List

Command
Code Valid
(HEX) Command States Level
00 Reset D, T, {
01 Abort D,T,|I i
02 Assert ATN | |
03 Negate ACK I |
04 Disconnect T, I
05 Reselect D It
06 Select-with-ATN D ]
07 Select-without-ATN D Il
08 Select-with-ATN and-Transfer D,! it
09 Select-without-ATN and-Transfer D, I
0A Reselect-and-Receive-Data DT Il
0B Reselect-and-Send-Data D,T H
0oC Wait-for-Select-and-Receive D, T ]
0D Send-Status-and-Command-Complete T 1
OE Send-Disconnect-Message T ]
oF Set IDI D, T, |
10 Receive Command T I
11 Receive Data T 1i
12 Receive Message Out T I
13 Receive Unspecified Info Out T 1l
14 Send Status T ]
15 Send Data T ]
16 Send Message In T 1
17 Send Unspecified Info in T li
18 Translate Address D,T ]|
20 Transter Info I 1l
Am33C93A states: Command Levels:

D = Disconnected
T = Connected as a Target
| = Connected as an Initiator

| = Level | command
Il = Level Il command
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Am33C93A Command Types

There are two basic types of Am33C93A commands:
Level | and Level Il. Level | commands may be issued
while a Level Il command is in progress (indicated by an
AUXILIARY STATUS of BSY=1,CIP=0) and, except for
the “Abort” and “Reset” commands, do not generate an
interrupt upon their completion. Level Il command exe-
cution will always resuit in an interrupt. If a Level I
command is issued while another Level Il command is
executing, unpredictable results may occur.

There are two types of Level Il commands. 'Simple’
Level Il commands are associated with a single opera-
tion or phase (for example, selection or information
transfer). ‘Combination’ Level I commands combine
multiple phases into a single Am33C93A command to
minimize interrupt overhead. The Initiator combination
commands ‘expect’ certain SCSI bus phases at certain
times during a sequence. These expected phases are
based on common sequences performed by a Target
on the SCSI bus; any deviation causes an interrupt.
Target combination commands can be chained to-
gether to further minimize interrupt overhead by
creating longer phase sequences.

NOTE: When using command chaining, care must be taken
to ensure that all commands in the chain are initial-
ized prior to issuing the command.

The Am33C93A wifl be in one of three “states” during
operation: Disconnected, Connected as a Target, or
Connected as an Initiator. Certain commands are valid
only in particular states as indicated in the COMMAND
LIST. An attempt to issue a Level H command which is
invalid for the present Am33C93A state will cause an
“‘invalid command” interrupt. Leve! | commands issued
in invalid states will be ignored.

Advanced Mode Features

The Am33C93A has several new features included
which add new functions to the original 33C93 design.
Some of these features cause the Am33C93A to be
incompatible with the 33C93. These features have been
grouped together under the heading of ‘Advanced
Mode’ features. These fealures are disabled when the
Am33C93A is reset by the MR signal (hardware reset).
They must be enabled by the host by issuing the ‘Reset’
command with the ‘Enable Advanced Features’ (EAR)
bit set in the OWN 1D register. The host can determine if
advanced features have been enabled (thereby
implying that a Am33C33A is installed) by examining
the SCSI STATUS register after issuing the ‘Reset’
command.

The teatures enabled by this bit are described below.

UNEXPECTED RESELECTION

When in normal {33C93) mode, a reselection when idle
(ER=1) or when disconnected during a Select-and-
Transfer command (and the Target bus ID does not
match the DESTINATION ID register) causes an imme-

diate interrupt after the reselection handshake is
complete. In Advanced Mode, the Am33C93A will
continue to the Message In phase to fetch the Identify
message. If the Am33C93A was idle, the SCSI
STATUS register will be set to 81 hex, and the Identify
message will be in the DATA register. if the Am33C93A
was executing a Select-and-Transfer command, the
SCSI STATUS register will be set to 27 hex, and the
identify message will be in the TARGET LUN register.
In either case, the SOURCE |D register will contain the
SCSI bus ID of the reselecting Target, and the ACK
signal remains asserted so that the Identify message
may be rejected.

UNKNOWN SCSI COMMAND GROUPS

When a SCSI.Command Descriptor Block is transferred
on the SCSI bus, the command length in bytes is deter-
mined by the group code, which is found in bits 7-5 of
the first command byte, or opcode. Group 0 {opcodes
00 to 1F hex), group 1 (opcodes 20 to 3F hex), and
group 5 {opcodes A0 to BF hex) commands are defined
by the SCSI standard (X3.131-1986) as six, ten, and
twelve byte commands, respectively. All other com-
mand groups are undefined by that standard. In normal
mode, the Am33C93A will assume that these undefined
groups are six byte commands when executing Select-
and-Transfer or Wait-for-Select-and-Receive com-
mands. In Advanced Mode, the following events will
OCCur:

Select-and-Transfer: When loading the CDB into the
CDB registers prior to issuing the command, the host
also loads the expected command length into the OWN
ID register. The Am33C93A uses this value to make
sure the correct number of bytes are then transferred in
the command phase.

Wait-for-Select-and-Receive: When receiving the CDB
from the Initiator, the Am33C33A will check the first
CDB byte as soon as it is received. If the group is
undefined, an interrupt will occur so that the host can
examine the first command byte in the CDB 1ST regis-
ter, and then load the TOTAL command length into the
OWN ID register. The SCSI STATUS register is set to
87 hex, and the COMMAND PHASE register is set to 31
hex, when this interrupt occurs.

After the interrupt, the Am33C93A will only accept a
Resume Wait-for-Select-and-Receive command, Abort,
Disconnect, or Reset command. All other commands
are invalid; during the interrupt processing, the
Am33Ca3A will continue to transfer the first six bytes of
the command into its internal FIFO.

DATA PHASE DIRECTION

During a Select-and-Transfer command in normal
mode, the Data phase direction is determined solely by
the Target; if this direction does not match the direction
expected by the host, the Am33C33A will not detect this
error but expects that the fransfer will confinue, In
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Advanced Mode, the DPD bit in the DESTINATION ID
register is compared with the state of the I/O signai on
the SCSI bus. If the expected and actual directions do
not match, an interrupt will occur with ‘unexpected
phase’ status in the SCSI STATUS register.

Level | Commands

RESET (00 HEX)

The Reset command performs a similar function to the
hardware reset caused by asserling the MR pin except
that the OWN ID register is sampled for information
concerning the operating configuration of the
Am33C93A. The Am33C93A is also initialized as de-
scribed in theRESET CONDITIONS section. The Reset
command may be executed in any Am33C93A state
and will force the Am33C93A into the Disconnected
state, aborting any previously issued command in
progress. Upon completion of the Reset command, an
interrupt is generated the SCS! STATUS will be 00 hex
or 01 hex, depending on the contents of the OWN 1D
register.

ABORT (01 HEX)

The Abort command is valid in the Disconnected and
Connected-as-a-Target states. The Abort command has
different effects depending on the state and the com-
mand that is currently executing, as described below:

Disconnected State: In the Disconnected state, the
Abort command may be used to halt an attempted
Select, Select-and-Transfer, Reselect, or Reselect-and-
Transter command. If the Abort command is issued
foliowing a Select or Reselect command and the
Am33C93A has won arbitration, the Am33C393A
releases the SCSI bus by removing the Bus ID bils
while SEL is asserted and checking for a negated BSY
signal. If after at least 200 us, there is no BSY response,
the Am33C83A goes to a Bus Free condition and gener-
ates a “paused/aborted” interrupt. If there is a response
within this time period, then a “successful completion”
interrupt will result instead. If the Am33C93A has not yet
won arbitration, it immediately aborts the Select or
Reselect command.

Target State: When the Am33C93A is in a Connected-
as-a-Target state, the Abort command may be used to
abort Receive, Send, or the data phase portion of a
Target combination command. When issuing an Abort
in the Connected-as-a-Target state, the following rules

apply:

1. When a Abort command is issued to abort a Send or
Reselect-and-Send command, the local processor
must not service any data request (DBR, DRQ, efc.)
from the Am33C93A until an interrupt from the
Am33C93A occurs. This is required to allow the
FIFO to clear; the Abort processing will not complete
until the FIFO contents are flushed to the SCSI bus.
The Am33C93A removes the data request at an

arbitrary time during the Abort command processing
and the data request is not valid once the Abort
command is written to the COMMAND register.

2. When a Abort command is issued to abort a Receive
or Reselect-and-Receive command, the local proc-
essor must CONTINUE to service any data request
(DBR, DRQ, etc.) from the Am33C33A until an inter-
rupt from the Am33C93A occurs. This is required to
allow the FIFO to clear; the Abort processing will not
complete until the FIFO contents are flushed to the
local processor.

After the Abort command is processed and the local
processor has received the interrupt indicating this, the
TRANSFER COUNT register contains the number of
bytes that were not successfully transferred with the
SCSI bus. The Am33C23A remains in the Connected-
as-a-Target state. The Am33C93A is now ready to re-
ceive any appropriate Target mode command, including
a resume of the command that was aborted.

DISCONNECT (04 HEX)

The Disconnect command may be used in either the
Target or the Initiator connected states. In the Target
role, the Disconnect command is the normal procedure
for disconnecting from the SCSI bus following the infor-
mation transfer phase. In the Initiator role, Disconnect
can be used to release the bus following a timeout
condition. The Disconnect command causes the imme-
diate release of all bus signals and, in Target mode,
returns the SCSI1 bus to the Bus Free phase. |f the
Disconnect command is issued during an active Level |l
command, the Level Il command is immediately termi-
nated and the Am33C93A transitions to the Discon-
nected state.

ASSERT ATN (02 HEX)

The Assert ATN command is only valid when Con-
nected as an Initiator. It is normally used to aliow the
Initiator to inform a Target that it has a message pend-
ing (The Target is expected to respond by performing a
Message Out Phase).

ATN is automatically negated:
- Before the last byte of a Transfer Info command
issued in response to the Message Out phase;

» When the Identify message out is transferred to the
Target during a Select-and-Transfer command,

= When a SCSIi Bus Free phase occurs.

The Select-with-ATN and Select-with-ATN-and-
Transier commands will cause the Am33C93A to auto-
matically assert ATN prior to the release of SEL provid-
ing the bus arbitration is won.

Am33C93A
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NEGATE ACK/(03 HEX)
The Negate ACK command causes ACK to be negated.
It may be used in the following situations:

= after successful completion of a Message-In
Transfer Info commands;

« after the Am33C93A has detected a parity error on
any received SCSI information and the HALT on
SCSI PARITY ERROR {HSP) bit is set;

« after unexpected reselection in advanced mode;
and

- after a save-data-pointer message is received
during a select-and-transfer command.

Host parity errors do not affect the ACK signal. For all
other Initiator transfers, ACK negation is automatic.

In the case of a Message-In transfer, incoming mes-
sages may be rejected and the Initiator may indicate its
intent to send either a "MESSAGE REJECT” or a
“MESSAGE PARITY ERROR” Message by issuing the
Assert ATN command prior to issuing the Negate Ack
command. If the incoming message is to be accepted,
only the Negate Ack command should be issued.

During non-Message-In transfers, if the Transfer com-
mand is terminated by a parity error, the Assert ATN
command can again be issued prior to Negate ACK, this
time indicating the Initiator's intent to send an
“INITIATOR DETECTED ERROR” Message.

SET iDI (OF HEX)

The Set IDI command is used in the Initiator role to
support overlapped SCSI operations. If a SCSI com-
mand is executing via a Select-and-Transter command,
then the Set IDI command may be used to set the IDI bit
in the CONTROL register, which then causes an inter-
rupt to occur upon a Target disconnection. This ability
allows the IDI bit to be left reset when the tirst SCSI
operation is started, which may reduce the number of
Am33C93A interrupts, yet also allows a second
operation to be started when needed without waiting for
the first operation to be completed.

Simple Level Il Commands

SELECT-WITH-ATN (06 HEX)

Select-with-ATN is valid only in the Disconnected state
and when issued will cause the Am33C93A to select a
Target. Before issuing this command, the SCSi Bus ID
of the Target device should be written into the
DESTINATION ID register. When the Select- with-ATN
command is issued, the Am33C93A begins bus
arbitration. if the Am33C93A is selected or reselected
by another device during the arbitration, the Select-with-
ATN command is aborted and a “service required”
interrupt (8x hex) is generated.

Shoutd the Am33C93A win the arbitration, SEL and ATN
are asserted, the Target and Initiator Bus 1Ds are placed
on the SCSI data bus, and then BSY is deasserted. At

this time, a timeout sequence whose length is deter-
mined by the value in the TIMEOUT PERIOD register
begins. i BSY is not asserted by the Target before a
timeout occurs, the Am33C933A begins its selection
abort sequence (as described in the Abort command
description), and if there is no Target response the
Select- with-ATN command is terminated and a “ter-
minated” interrupt is generated. If the Target responds
before the timeout period has elapsed or before the
selection abort sequence is complete, the Am33C93A
negates the SEL signal, putting the Am33C93A in a
Connected-as-an-Initiator state. A "successful comple-
tion” interrupt indicates that the Select-with-ATN com-
mand has been completed successtully.

If the Am33C93A does not win the arbitration or there is
no response from the Target and the timeout teature is
disabled, the Select-with-ATN command can be
aborted with an Abort command. When the Abort
command is successfully executed under these circum- -
stances, the Am33Ca3A is disconnected from the bus
and a “paused/aborted” interrupt is generated.

SELECT-WITHOUT-ATN (07 HEX)

The Select-without-ATN command is identical to the
Select-with-ATN command except that ATN is not set
during the Selection Phase.

RESELECT (05 HEX)

The Reselect command is identical to the Select-
without-ATN command except that the VO signal is
asserted upon completion of the Arbitration Phase.
Successful completion of the Reselect command
results in the Am33C33A being Connected as a Target.

RECEIVE (10-13 HEX)

There are four Receive commands which are distin-
guished from each other only by the state of three SCSI
interface signals and the type of data that is transferred.
These commands, consisting of the Receive
Command, Receive Data, Receive Message Out, and
Receive Unspecified Info Out commands are valid only
in the Connected-as-a-Target state. The type of the
Receive command selected determines the state of the
VO, C/D, and MSG outputs during the command  ac-
cording to the following chart (1=asserted):

The Receive commands are information transferring
commands and are therefore dependent on the SBT bit
in the COMMAND register for determination of a suc-

Receive Command Type OPCODE MSG C/D 1O

Receive Command 10 0 1 0
Receive Data 11 0 0 0
Receive Message Out 12 1 1 ]
Receive Unspecified Info Out 13 1 o] 0
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cessful completion! in-addition to a termination caused
by reset {via either a Reset command being issued or
assertion of the MR pin), a Receive command comple-
tion or termination will occur under any of these condi-
tions: (1) The internal transfer counter is disabled
(SBT=1 or the TRANSFER COUNT register is loaded
with zero) and a single byte has been read from the
DATA register; (2) The counter has decremented to
zero (with SBT=0) indicating that the specified number
of bytes have been transferred; (3) A parity error has
been detected on one of the received data bytes (and
HSP=1); (4) The ATN pin is asserted (and HA=1); (5)
The Abort command is issued; or (6) A Disconnect
command is issued.

When the Receive command is completed as a result of
receiving the correct number of bytes, a “successful
compietion” interrupt will be generated. If a parity error
has caused termination, a “terminated” interrupt will
instead be generated. In this case, the TRANSFER
COUNT register will contain the number of bytes yet to
be transferred. After any completion or termination of
the Receive commands except those due to a subse-
quent Disconnect command or reset, the Am33C93A is
in the Connected-as-a-Target state.

As data transfer commands, the Receive commands
are dependent on the DMA mode select bits in the
CONTROL register for the DATA register accessing
mode. These bits determine whether the DATA register
accesses will be handled by the processor or through a
DMA/Am interface. When the processor is required to
read the DATA register (i.e. DMA mode select bits=0}, it
must monitor the DBR status bit (in AUXILIARY
STATUS) to determine when a byte is available for
reading. During Receive commands, this status bit will
be reset when a byte is read from the DATA register and
set when a byte is loaded into the DATA register via the
SCSI interface. DBR is also reset when a Receive
command is issued.

All information transters involving other than data infor-
mation are asynchronous. However, if the information
phase involves data transfers, the SYNCHRONOUS
TRANSFER register will be evaluated. In this case, any
selected offset other than zero results in synchronous
transfers. The minimum Transfer Period for both types
of transfers is determined by the transfer period bits in
this same register.

SEND (14-17 HEX)

As in the case of the Receive commands, there are four
Send commands which are distinguished only by the
state of the 170, C/D, and MSG pins and the type of data
that is transferred. The four Send commands, also valid
in the Connected-as-a-Target state only, are the Send
Status, Send Data, Send Message In, and Send
Unspecified Info In commands. The SCSI pin states
during the Send commands are determined by the par-
ticular command as follows (asserted=1):

Send Command Type OPCODE MSG C/D VO
Send Status 14 0 1 1
Send Data 15 0 0 1
Send Message In 16 1 1 1
Send Unspecified Info In 17 1 0 1

The Send commands are also information transferring
commands and as such are also dependent upon the
SBT bit in the COMMAND register for command com-
pletion. In addition to that caused by reset (via either a
Reset command being issued or assertion of the MR
pin), a Send command completion or termination will
occur under any of these conditions: (1) The internal
transfer counter is disabled (SBT=1 or the TRANSFER
COUNT register is loaded with zere) and a single byte
has been read from the DATA register; {2) The counter
has decremented to zero (with SBT=0) indicating that
the specified number of bytes have been transferred;
(3) A parity error has been detected on one of the data
bytes from the host (and HHP=1); (4) The ATN pin is
asserted (and HA=1); (5} The Abort command is issued,;
or (6) A Disconnect command is issued. The
Am33C93A remains Connected-as-a-Target following
the Send command completiontermination unless the
Disconnect command or reset was used to force a
termination.

During a Send command, DATA register accessing is
controlied by the DMA mode select bits in the
CONTROL register. When these bits are set to the
appropriate mode, loading of the DATA register is ac-
complished by a DMA controlier or through the DBA
Bus interface. If the DMA mode select bits are zero, the
processor must poll the AUXILIARY STATUS register
and can write to the DATA register only when the DATA
BUFFER READY bit is set (DBR=1). Send commands
cause the DBR bit to be reset every time the processor
loads a byte into the DATA register and set when a byte
is transterred from the DATA register onto the SCSi
data bus. The DBR bit will also be set upon issuing a
Send command.

As in the case of Receive commands, synchronous
transfers will occur only when data transfers are in-
volved and an offset other than zero is selected.

TRANSFER INFO (20 HEX)

The Transfer Info command is valid only when Con-
nected as an Initiator and is used to send and receive
data, command, status, and message information.

The first REQ assertion following connection as an Ini-
tiator results in a “service required” interrupt. The pro-
cessor should examine the SCSI STATUS register o
determine the type and direction of information transfer
requested by the Target, and then issue a Transfer Info
command in response. While an Initiator, the
Am33C93A will aiso generate an interrupt each time the
Target device requests a new type of information irans-
ter phase.

Am33C93A
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As lin'the 'case’ of the Send and Receive commands,
when completion of the Transfer Info command de-
pends upon the internal transfer counter, the processor
should load the TRANSFER COUNT register prior to
issuing this command. The DMA mode select bits in the
CONTROL register, the offset and transfer period bits in
the SYNCHRONOUS TRANSFER register, and the
SBT bit in the COMMAND register are used during
Transfer Info commands just as they are during the
Send and Receive commands. However, for processor
access of the DATA register during Transfer Info com-
mands (when the DMA mode select bits are zero or the
bus phase is other than Data phase), behavior of the
DATA BUFFER READY (DBR) status bit is determined
by the direction of information transfer as defined by the
170 pin. When the transfer is from Initiator to Target, the
DBR bit is reset by writing to the DATA register and is
set when the byte is transferred from the DATA register
onto the SCSI data bus. When the transfer is from
Target to Initiator, DBR is set when a byte is received
over the SCSI data bus and transterred into the DATA
register and is reset by reading the DATA register. DBR
is also reset whenever a Transfer Info command is
issued.

There are several causes of a Transfer Info command
completion/termination in addition to a reset. Just as for
a Send or Receive command, the Transfer Info com-
mand can be terminated by issuing a subsequent Dis-
connect or Abort command. The Abort command will
cause a “paused/aborted” interrupt to be generated af-
ter execution (leaving the Am33C93A in a connected
state), while the Disconnect command causes animme-
diate disconnect and does not generate an interrupt.

A Transfer Info command will either complete or pause
when the specified number of bytes (either a single byte
or multiple bytes as defined by the SINGLE-BYTE
TRANSFER bit in the COMMAND register) has been
sent or received. The Am33C33A generates a
“successful completion” interrupt only after receiving
another REQ from the Target during non-Message-in
information phases but generates a “paused/aborted”
interrupt for Message-In phases without waiting for an
additional REQ (Note that when the completed Transfer
Info command was a Message-In transfer phase, the
ACK pin will be left asserted by the Am33C93A in the
last REQ-ACK cycle of the command, and the
processor is required to issue a Negate ACK or an
Assert ATN followed by a Negate ACK command to
accept or reject the message).

If a parity error is detected on a data byte received from
the SCSI bus (and HSP=1) or on a data byte byte
received from the host (and HHP=1), then the
AmM33C93A will terminate the command and, for SCSI
parity errors, will leave ACK asserted (to also halt the
Target). In this case a “terminated” interrupt is gener-
ated. Finally, a negation of the BSY signal (i.e. the Tar-
get suddenly disconnects) or a transition in the /0, C/D,

and/or MSG pins during a Transfer command will aiso
terminate the command and generate a “terminated”
interrupt.

If a parity error is detected on a received byte but parity
error command termination is disabled (HSP=0 or
HHP=0, as appropriate), the Am33C93A will still set the
PARITY ERROR status bit in the AUXILIARY STATUS
register but will not terminate the command as a result
of this error.

TRANSLATE ADDRESS (18 HEX)

The Translate Address Command performs a logical-
address to physical-address translation. Certain SCSI
commands involve a logical address which may be up
10 32 bits in length. When a command is detected which
requires address translation, the processor can reload
the logical address into the Am33C93A LOGICAL
ADDRESS register and then issue the Translate
Address command to have the Am33C93A do the con-
version. Upon receiving a “successful completion” inter-
rupt, the processor can read the CYLINDER NUMBER,
HEAD NUMBER, and SECTOR NUMBER registers to
extract the logical address. The disk parameters con-
tained in the TOTAL SECTORS, TOTAL HEADS, and
TOTAL CYLINDERS registers must also be valid before
issuing a Translate Address command.

If automatic compensation for spare sectors is to be
performed by the Am33C33A, then the number of spare
sectors per cylinder and total number of sectors per
cylinder must also be loaded, respectively, into the
HEAD NUMBER and CYLINDER NUMBER registers. A
“terminated” interrupt wilt occur if any division operation
performed during this command results in an overflow.

Combination Level Il Commands

SELECT-AND-TRANSFER (08 AND 09 HEX)

The Select-and-Transfer commands greatly reduce the
host or local processor interrupt-handling burden by
enabling the Am33C93A’s internal microprocessor to
manage the low-level SCSI protocot, resulting in as few
as one interrupt per SCSI operation. Select-and-
Transfer commands are used when in an Initiator role,
and typically consist of at least the following SCSI
phases: (1) Selection of a Target device; (2) Sending of
a command; (3} Reception of status information; and (4)
Reception of a COMMAND COMPLETE Message.
These commands optionally consist of a Data Transter
phase and additional Message Transfer phases.

The Am33CS3A will update the COMMAND PHASE
register as the Select-and-Transfer command
executes. Upon completion or termination of the
command, the local processor can read this register to
determine where the SCSI operation stopped.

The two Select-and-Transfer commands differ from
each other only by whether or not the ATN pin is as-
serted during the Selection phase. Fhe abilib:-to assert
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ATN during Selection supports the SCSI Message
Protacol which calls for an IDENTIFY Message Out
phase following the Selection. When executing a Select
W/ATN-and-Transfer commands, the Am33C93A
expects the Target to request a Message Out phase
immediately following selection, whereas for a Select
W/O ATN-and-Transfer command, it expects the Target
to directly enter Command phase. The Select-and-
Transfer commands, moreover, support Group 0
(6-byte CDB), Group 1 (10-byte CDB), and Group 5
(12-byte CDB) SCSI commands.

When a Select-and-Transfer command is issued, the
Am33C93A arbitrates for the bus and selects a Target
just as during a Select command. If the Target does not
respond before a timeout occurs, the Select-and-
Transter command halts and a “terminated” interrupt is
generated. Failure to complete the Selection phase is
also indicated by the fact that the COMMAND PHASE
register contains all zeros. If the Selection is successful,
no interrupt is generated, but the COMMAND PHASE
register will be set to a hex 10.

After completing the Selection phase, the Am33C33A
begins an information transfer phase. f ATN has been
asserted (i.e. a Select W/ATN-and-Transfer command
was issued), the Am33C93A expects the Target to
respond with a Message Out phase. If the first
information phase request is other than a Message Out
request, the Am33C93A will terminate the command
and generate a “terminated” interrupt. However, when
the Target does request a Message Out phase, the
Am33CO3A will respond by automatically sending an
IDENTIFY Message. This single byte message is of the
binary form: 1r000ttt, where r=1 if the ENABLE
RESELECTION bit in the SOURCE D register is equal
to 1, and ttt is the encoded Target LOGICAL UNIT
NUMBER contained in the TARGET LUN register.
Once the IDENTIFY Message has been sent, the
Am33C93A will set the COMMAND PHASE register to
hex 20.

Following the Message Out phase (or Selection phase
when ATN was not asserted during Selection), a Com-
mand phase is expected by the Am33C93A. Again, and
throughout the entire Select-and-Transfer command
execution, if the Target requests an unexpected infor-
mation phase type, the Am33C93A terminates the com-
mand and generates a “terminated” interrupt. If the
Command phase is requested in this situation, the
Am33Ca3A will extract the SCSI command from the
internal COMMAND DESCRIPTOR BLOCK registers
and send the 6-, 10-, or 12-bytes of command
information as determined by its evaluation of the SCS!
command code in the CDB1 register. The COMMAND
PHASE register is set to hex 30 before the first
Command byte is sent and then increments with each
byte transferred, so that for a 12-byte CDB command
the COMMAND PHASE register will contain hex 3C
when all bytes of the CDB have been transferred.

After the Command phase, the Am33C93A expects
either a Data In phase, Data Out phase, Status phase,
or Message In phase. If the Target is requesting a
Message !n phase, a pending disconnection is
assumed. The Am33C93A therefore expects to receive
either a Save-Data-Pointer message (hex 02) or a Dis-
connect message (hex 04}. If either message is incor-
rect, or if a different message is received, a “terminated”
interrupt will be generated to alert the processor of that
fact and to allow the message to be read from the DATA
register. A “terminated” interrupt will also be generated
if the Target disconnecis before sending the Disconnect
message. When a correct Save-Data-Pointer message
is received, a “paused/aborted” interrupt is generated
and the Select-and-Transfer command terminated to
allow the processor to save the SCSI data pointer.
However, if a Disconnect message is received, the
COMMAND PHASE register will be updated to hex 42
and command execution continues.

When the actual Target-disconnection does occur, the
COMMAND PHASE register is updated to hex 43 and if
the IDI bit is set, the Am33C93A terminates the Select-
and-Transfer command by generating an 85H interrupt.
However, if the IDI bit is reset, then instead the
Am33C93A sits in an idle state, waiting for the Target to
reconnect. If a different Target device Reselects the
Am33C93A, a ‘terminated” interrupt is generated. How-
ever, if the original Target Reselects the Am33C93A, no
interrupt is generated and the COMMAND PHASE
register is set to hex 44.

Following the original Target Reselection, the
Am33C93A expects a Message In phase which should
consist of the Target sending an IDENTIFY Message.
This single-byte message should be of the binary form:
10000ttt, where ttt is the Target LUN. If the data
received by the Am33C93A is different or the Target
LUN specified in this byte does not match the contents
of the TARGET LUN register, a “terminated” interrupt is
generated and the Message byte may be examined by
the processor. A correct IDENTIFY Message In phase
results in the COMMAND PHASE register being
updated to hex 45.

After the IDENTIFY Message is received from the
Target or immediately after the Command Out phase
(when there is no disconnection), a Data In phase, Data
Out phase, or Status phase should occur. If the
TRANSFER COUNT register contains any non-zero
value, then the Am33C93A will expect a Data Transfer
phase. If Advanced Features are enabled, then the
DPD bit will be examined to verify the correct data
direction. if the data direction is incorrect, then a “termi-
nated” interrupt is generated. In this phase, the
AmM33C93A will use the TRANSFER COUNT register to
determine the number of bytes to be transferred, and all
host-side DATA register accesses will be accomplished
via the method selected by the DMA mode select bits in
the CONTROL register. When the internal counter
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reaches zero, the Data Transfer phase is compiete and
the COMMAND PHASE register is set to hex 46.

Note that any number of disconnection/reconnection
cycles may occur during the Data Transfer phase so
long as they are accomplished according to the defined
message protocol. The COMMAND PHASE register will
cycle through the disconnect phases (41-45) with each
disconnection and subsequent reconnection until all of
the data has been transferred and the Data Transfer
phase is complete.

A Status phase is expected by the Am33C33A following
the Data Transfer phase (or instead of the Data
Transfer phase when the TRANSFER COUNT register
contains a value of zero). At the start of the Status
phase, the COMMAND PHASE register is loaded with
hex 47. Upon completion of the Status phase, the
COMMAND PHASE register will be updated to hex 50,
and the received status byte is stored in the TARGET
LUN register where it can be read upon completion of
the command.

Following completion of the status-byte transfer, a Mes-
sage In phase is expected. The Am33C93A expects the
Target to send a COMMAND COMPLETE Message
{hex 00) to indicate that the SCSI command operation
has been completed. After the Am33C93A receives this
COMMAND COMPLETE Message, the COMMAND
PHASE register advances to hex 60, and if the EDI bit is
reset, a “successful completion” interrupt is generated.
The processor should then read the TARGET LUN
register to examine the Target status. An additional
interrupt will then occur when the SCSI bus goes to the
Bus Free state, or when another REQ is asserted to
begin an information transfer phase (as in SCSI linked
commands). If the EDI bit is set, the “successful com-
pletion” interrupt will be suppressed until the Target
disconnects from the SCS! bus.

At any time during execution of the Select-and-Transter
commands, an abnormal or unexpected condition will
cause the Am33C93A to terminate the command, set
the appropriate status qualifiers, and generate a “termi-
nated” interrupt. if the termination occurred during an
information transfer phase, the Am33C93A will be left in
a Connected-as-an-Initiator state (unless termination
was due to a sudden Target disconnection). Command
termination during any other phase will result in the
Am33C93A being in a Disconnected state. Transfer
commands may be used to handle the exception by
transferring messages with the Target.

The following table summarizes the possible values that
the COMMAND PHASE register can take during the
Select-and-Transfer commands, and their meanings
relative to command termination:

Command
Phase Meaning

00 No SCSI bus device has been selected. The
Am33C93A is in the disconnected state.

10 The Target has been selected. The
Am33C93A is now in the connected as an
Initiator state.

20 An Identify message has been sent to the
Target.

30 Command phase has started, no bytes
transferred.

3x Command phase, x bytes have been
transferred.

41 Save-Data-Pointer message received.

42 Disconnect message received, bus not free.

43 Target has disconnected (SCS! bus free)
following a successful transfer of a Disconnect
message. The Am33C93A is now in the
disconnected state.

44 The Am33C93A has been reselected by the
Target whose SCS| bus ID matches the value
in the DESTINATION ID register. The
Am33C93A is now in the connected as an
Initiator state.

45 The Am33C93A has received an identify mes-
sage from the Target whose Logical Unit
Number matches the value in the TARGET
LUN register.

46 The number of bytes specified in the
TRANSFER COUNT register have been trans-
ferred toffrom the Target during a Data Out/In
phase.

47 The Target has begun a Receive Status phase.

50 The Am33CO3A has successfully received a
Status byte from the Target and stored it in the
TARGET LUN register.

60 The Am33C93A has successfully received a
Command Complete message from the Tar-
get.

A “Resume Select-and-Transfer” command is assumed
whenever a normal “Select-and-Transfer” command is
issued while the Am33C93A is in the Connected-
Initiator state. When the “Resume” is issued, the
Am33C93A examines the COMMAND PHASE register
to determine where to restart the Select-and-Transter
command execution. This feature, in conjunction with
the INTERMEDIATE DISCONNECT INTERRUPT
enabled, allows support of multi-threaded or overlapped
11O on the SCSI bus.

The following table briefly describes the valid settings of
the COMMAND PHASE register when resuming a Se-
lect-and-Transfer command:
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Command
Phase Meaning

10 Resume after Target selection is complete.

20 Resume after Identify message out. Command
phase is expected; an implied Negate ACK
occurs.

30 Resume when Command phase has begun
{REQ asserted).

41 Resume after Command phase or after Save-
Data-Pointer message. Data, Status, or
Message In phases are expected. An implied
Negate ACK occurs.

42 Resume to complete Discannect Message in;
an implied Negate ACK occurs.

44 Resume after reselection by a Target.

45 Resume to transfer more data in a data trans-
fer phase. May expect Status or Message In as
well. An implied Negate ACK occurs.

46 Resume after the data phase has been

completed, expecting Status phaseora Save-
Data-Pointer/Disconnect Message In phase.
An implied Negate ACK does NOT occur.

50 Resume to complete a Status phase; an
implied Negate ACK occurs.

B0 Resume to complete a Command Complete
message from the Target; an implied Negate
ACK occurs.

RESELECT-AND-TRANSFER (0A AND 0B HEX)

The Reselect-and-Transfer commands include the
Reselect-and-Receive-Data and the Reselect-and-
Send-Data commands. These commands cause the
Am33C93A to execute certain common SCSI bus
phase sequences as a Target foliowing a Reselection
phase. These phases are determined by which
command is sent, and the setting of two bits: the EDI bit
in the CONTROL register; and the SCC bit in the
DESTINATION D register. The SCSI bus phase
sequences are summarized below. Refer to the com-
mand descriptions of the Send-Status-and-Command-
Complete and Send-Disconnect-Message commands
for details on those sequences.

1. Reselect-and-Receive command, EDI=0, and
SCC=dont care:
* Reselection phase;
» Send Identify Message In;
- Receive Data Out phase;
» Completion interrupt.

2. Reselect-and-Send command, EDI=0, and
SCC=don't care:

» Reselection phase;

- Send ldentify Message In;
« Send Data in phase;

+ Completion interrupt.

3. Reselect-and-Receive command, EDI=1, and
SCC=0:

» Reselection phase;

» Send Identify Message In;

» Receive Data Out phase;

» Chain to Send-Status-and-Command Complete;
4. Reselect-and-Send command, EDi=1, and SCC=0:

» Reselection phase;

» Send Identify Message In;

» Send Data In phase;

» Chain to Send-Status-and-Command-Complete;

5. Reselect-and-Receive command, EDi=1, and
SCC=1:

» Reselection phase;
= Send Identify Message in;
» Receive Data Out phase;
= Chain to Send-Disconnect-Message;
6. Reselect-and-Send command, EDI=1, and SCC=1:
= Reselection phase;
» Send ldentify Message In;
= Send Data In phase;
- Chain to Send-Disconnect-Message.

If the reselection attempt times out during a Reselect-
and-Transfer command, ATN is asserted and HA=1, or
if a parity error is detected on a incoming data byte (and
HSP=1 or HHP=1, depending on data direction), the
command will be terminated and the appropriate status
will be set. In this case, the COMMAND PHASE register
should be evaluated to determine the last successtully
completed phase. If none of these conditions occurs, all
phases complete normally, and if EDI=0, then a “suc-
cessful completion” interrupt would be generated at this
point. However, if EDI=1, no interrupt is generated and
command chain occurs {as described above).

The following table summarizes the possible values that
the COMMAND PHASE register can take during the
Reselect-and-Transfer commands, and their meanings
relative to command termination. See other command
descriptions for additional values that can occur when
command chaining is used.

Command
Phase Meaning

00 No SCSI bus device has been reselected. The
Am33C93A is in the disconnected state.

10 The Am33C93A has successfully reselected
the Initiator. The Am33C93A is now in the
connected as a Target state.

20 The Identity message has been successfully
sent to the Initiator.

46 The requested data transfer has been com-
pleted.

Am33C93A
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A “Resume Reselect-and-Transfer” command is as-
sumed whenever a normal “Reselect-and-Transter”
command is issued while the Am33C93A is in the
Connected-as-a-Target slate. When the “Resume” is
issued, the Am33C93A examines the COMMAND
PHASE register to determine where to restart the
Reselect-and-Transfer command execution. This
feature, in conjunction with the capability to chain to
other combination commands, allows longer SCSI bus
sequences to be executed by a single command.

The following table briefly describes the meaning of the
COMMAND PHASE register when resuming a
Reselect-and-Transfer command:

Command
Phase Meaning
10 Resume after Initiator reselection is complete;
start with Identify Message Out.
20 Resume after Identify message out; start with

data transfer phase. If TRANSFER COUNT is
zero, no data transfer phase occurs. In either
case, a chain to another combination com-
mand can occur if enabled.

WAIT-FOR-SELECT-AND-RECEIVE (0C HEX)

The Wait-for-Select-and-Receive causes the
Am33C93A to idie until it is selected by an Initiator, at
which time the Am33C93A will enter the Target mode
and message and command information will
“automatically be requested. As an option, the
AmM33C93A may be programmed to disconnect when a
SCSi read command is received while executing a
Wait-for-Select-and-Receive command. Use of this
command therefore eliminates the interrupts which
normally occur after selection and after each
subsequent SCSI bus phase, and resuits in very short
bus-connect time during SCSI read commands.

if ATN was asserted by the Initiator during the selection
phase, the Am33C93A will first execute an implied
“Receive Message Out” command to gel the Identify
message from the Initiator, before continuing on with
the implied “Receive Command” to receive the SCSI
command information. The SCS! command information
(CDB) will be stored in the CDB registers (hex
addresses 03 to OE), and if a valid IDENTIFY message
is received, it will be saved in the TARGET LUN register
(hex address OF). The number of command bytes
requested by the Am33C93A is determined by the SCSI
group code in the first byte of the CDB.

After the Am33C93A is sefected and receives all valid
command and message information, a “successfui
completion” interrupt will normally be generated to allow
the local processor to read out and interpret the SCSI
CDB. However, by setting the EDI bit prior to issuing a
Wait-for-Select-and-Receive command, the
Am33C93A is enabled to perform an automatic
disconnect when a SCSI read command is received.
Therefore, when EDI=1 and the 1st CDB byte received

contains a 6-, 10-, or 12-byte read command code, then
the Am33C93A will temporarily suppress the interrupt
and chain 1o begin execution of a Send-Disconnect-
Message command. An interrupt will then be generated
after completion of this command, which normaily would
indicate a transition to the bus free condition. Refer to
the Send-Disconnect-Message command description
for more details.

If during execution the message or command informa-
tion received from the Initiator is invalid, the implied
receive command will be terminated and the appropri-
ate status reported. In this case, the COMMAND
PHASE register should be read to determine which
phase of the Wait-for-Select-and-Receive command
was last completed before the error condition occurred.
A COMMAND PHASE hex value of hex 10 indicates
that the Am33C93A was successfully selected. A hex
value of 20 indicates that a message was received from
the Initiator, and when the Am33C93A begins receiving
command bytes, the COMMAND PHASE is set to hex
30 and increments with each byte received (to a
maximum of 3C for a 12-byte CDB command).

The following table summarizes the possible values that
the COMMAND PHASE register can take during the
Wait-for-Select-and-Receive command, and their
meanings relative to command termination. See other
command descriptions for additional values that can
occur when command chaining is used.

Command

Phase Meaning

00 The Am33C93A has not been selected. The
Am33C93A is in the disconnected state.

10 The Am33C93A has been successfully
selected by the Initiator. The Am33C93A is
now in the connected as a Target state.

20 The Ildentify message has been successfully
received from the Initiator.

30 The Am33C33A has begun command phase
by setting the SCS1 bus phase signals and
asserting REQ.

31 The Am33CG93A has transferred one
command byte from the Initiator. The SCSI
STATUS may indicate the need for the host to
load the command size into the OWN ID
register.

3x The Am33C93A has transferred x command
bytes from the Initiator.

A “Resume Wait-for-Select-and-Receive” command is
assumed whenever a normal “Wait-for-Select-and-
Receive” command is issued while the Am33C93Ais in
the Connected-as-a-Target state. When the “Resume”
is issued, the Am33C93A examines the COMMAND
PHASE register to determine where to restart the Wait-
for-Select-and-Receive command execution. This
feature, in conjunction with the capability to chain to
other combination commands, allows longer SCSI bus
sequences to be executed by,a singla cemmand.
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The following table briefly describes the meaning of the
COMMAND PHASE register when resuming a Wait-for-
Select-and-Receive command:

Command
Phase Meaning

10 Resume after selection by the Initiator is com-
plete; start with Identify Message Out if ATN is
asserted, otherwise, start with command
phase.

20 Resume after a message out; check the re-
ceived message in the TARGET LUN register
for a valid identify message.

30 Resume after identify message out. Start with
command phase.

31 Resume after the Am33C93A has transferred 1

command byte from the Initiator. This resume
point is used only when an unknown group
code has been detected in Advanced Mode,
and the command size has been loaded into
the OWN ID register.

SEND-STATUS-AND-COMMAND-COMPLETE

(0D HEX)

The Send-Status-and-Command-Complete command
is valid in the Target role, and is used to complete a
SCSI operation by transferring the appropriate status
information to the Initiator prior 1o disconnection from
the SCSI bus. This command also supports linked SCSI
operations by optionally allowing a linked command-
complete message to be sent afier the status is
transferred. Linked command complete messages are
controlled by the CDB12 register with bits that corre-
spond to the standard linked command control bits in
the CDB.

Before a Send-Status-and-Command-Complete com-
mand is issued, the CDB11 register must be loaded with
a status byte which will then be transferred across the
SCSI bus. Also, the link control bits from the current
CDB must be ioaded into the CDB12 register to ensure
that the correct sequence occurs. Note that the bits
used by the Am33C93A are identical in meaning to the
SCSI standard link control bits. The host processor may
simply load the control byte from the current SCSI com-
mand into CDB12 to get the correct function. As the
command execution progresses, the COMMAND
PHASE register will be updated to indicate the last
phase completed.

The possible sequences caused by this command are
as follows:

1. CDB12 bit0=0, bitt=don't care: The status byte in
CDB11 is sent, followed by a Command Complete
message (00 hex). A “successful completion”
interrupt now occurs.

2. CDB12 bit0=1, bit1=0: The status byte in CDB11 is
sent, followed by a Linked Command Complete
message (0A hex). A chain to the command fetch

portion of Wait-for-Select-and-Receive then occurs
to fetch the next CDB from the Initiator. Am33C93A
command execution proceeds as described for that
command.

3. CDB12 bit0=1, bit1=1; The status byte in CDB11 is
sent, followed by a Linked Command Complete with
Fiag message (0B hex). A chain to the command
tetch portion of Wait-for-Select-and-Receive then
occurs to fetch the next CDB from the Initiator.
Am33C93A command execution proceeds as de-
scribed for that command.

A Send-Status-and-Command-Complete command
may be terminated by ATN asserted when HA=1, or
when a Disconnect or Reset command is issued.

The following table summarizes the possible values that
the COMMAND PHASE register can take during the
Send-Status-and-Command-Complete command, and
their meanings relative to command termination. See
other command descriptions for additional values that
can occur when command chaining is used.

Command
Phase Meaning

00 No operation occurred; typically, ATN was
found to be asserted.

50 Status phase transfer completed.

60 Command Complete message transfer com-
pleted.

61 Linked Command Complete message transfer
completed.

A “Resume Send-Status-and-Command-Complete”
command is assumed whenever a normal “Send-
Status-and-Command-Complete” command is issued
while the Am33C93A is in the Connected-as-a-Target
state. When the “Resume” is issued, the Am33C93A
examines the COMMAND PHASE register to determine
where to restart the Send-Status-and-Command-
Complete command execution. This feature, in
conjunction with the capability to chain to other combi-
nation commands, allows longer SCSI bus sequences
to be executed by a single command.

The following table briefly describes the meaning of the
COMMAND PHASE register when resuming a Send-
Status-and-Command-Complete command:

Command
Phase Meaning
50 Resume after status phase. Start with

command complete message. May chain to
command fetch if commanded to do so.

SEND-DISCONNECT-MESSAGE (0E HEX)

The Send-Disconnect-Message command is a Target-
role command which may be used to disconnect from
the SCSI bus at any time during a SCS! command
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sequence. This command consists of sending a Discon-
nect message byte, followed by physical disconnection
from the bus (SCSI bus free). An interrupt is generated
only after transition to bus free occurs. As an option, a
Save-Data-Pointer message will automatically be sent
before the Disconnect message whenever the DI bit is
set prior to issuing this command.

The COMMAND PHASE register is updated during
execution of the Send-Disconnect-Message command
to indicate bus phase status. After a Save-Data-Pointer
message is sent, the COMMAND PHASE will be set to
41H. Aiter the Disconnect message transfer, this regis-
ter will be updated to 42H, and after disconnection the
COMMAND PHASE register will contain a 43H.

A Send-Disconnect-Message command may be termi-
nated by ATN asserted when HA=1, or when a Discon-
nect or Reset command is issued.

The following table summarizes the possible values that
the COMMAND PHASE register can take during the
Send-Disconnect-Message, and their meanings relative
to command termination. See other command descrip-
tions for additional values that can occur when
command chaining is used.

Command
Phase Meaning

00 No operation occurred; typically, ATN was
found to be asserted.

41 The Save-Data-Pointer message was trans-
ferred.

42 The Disconnect message was transferred.

43 The bus free state occurred after the Discon-
nect message was transferred. The

Am33C93A is now in the disconnected state.

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect to GND

Operating temperature
Storage temperature
Power dissipation

Input Static Discharge Protection

-05Vto+7.0V
0to 70deg. C
-55t0 +125 deg. C
400 mW

2KV

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolutely
maximum ratings for extended periods may affect device

reliability.

DC OPERATING CHARACTERISTICS

Ta=01070°C, VCC = +5V+0.25V,GND =0 V

Symbol Characteristic Min Max Units Conditions
IiL Input Leakage 10 uA VIN =. 4to VCC
oL SCSI Output Leakage (Inactive) 50 LA VOUT = .5 to VCC
ioL2 Output Leakage (Tri-State) 10 uA VOUT = .4to VCC
VIH Input High Voltage 20 "
VIL Input Low Voltage 0.8 Y
VIHYS Schmitt Trigger Input 0.2 \
Hysteresis (All SCSI Pins)
VOH Output High Voitage 24 v O = —400 pA
VOL1 SCSI Output Low Volitage 0.5 Vv 10 = 48.0 mA
VOL2 Output Low Voltage (All Others) 0.4 Vv 10O= 40mA
ICC Supply Current 20 mA Ta = +25°C
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SWITCHING TEST CIRCUIT
From output
under test
Pins of the Device *C, 1, L
INTRQ, RE, WE 100 pF 4 mA 400 pA
Do-D7, DP 100 pF 4 mA 400 pA
DACK, DRQ 100 pF 4 mA —
SD0-SD7, SDP
BSY, SEL, 110, C/D 100 pF 20 mA —

MSG, ATN, REQ, ACK

* Actual capacitance may vary +20%.

SWITCHING TEST WAVEFORM

.BVSt

Al the Open Drains

All Other Pins

-/.BV

15V K

X 15V

Am33C93A
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TIMING CHARACTERISTICS Where:

Timing characteristics are valid over the entire operat- . . .

ing temperature (0 to 70°C) and voltage (4.75to 5.25)  1C¥C is the intemal clock cycle time;

ranges, and are referenced to and from a low voltage of Tekin is the period of the clock at the CLK input;

0.8 volts and a high voltage of 2.0 Volts. All outputs are

assumed to have a load capacitance of 50 picofarads. DIVISOR is the clock divisor selected in the OWN ID
register.

Many of the timing parameters that follow are defined in

terms of an internal clock cycle time that is determined  For example, with a 16 MHz clock input to the Am33Ca3A,
by the input clock and the clock divisor selected in the the clock divisor selected would be 4. Therefore, the value
COWN ID register. This cycle time is calculated as of Tcyc would be:

follows:

62.5ns+4
Tckin « DIVISOR Teye=—" " =125ns
Teyc= ————— 2
2
Processor/DMA Interface
CLK
Symbol Characteristic Min Max Units
tep Clock Period 16 MHz 62.5 125 ns
20 MHz 50.0 ns
tey Clock High 16 MHz 28.0 ns
20 MHz 20.0 ns
teL Clock Low 16 MHz 28.0 ns
20 MHz 20.0 ns
tcp >
CLK 24V F
7 \ / \
l¢——— 1 CH —~——| j——— 1 CL——m
11853-013A
MR
Symbol Characteristic Min Max Units
tun MR Pulse Width 1 us

MR\ {

- tMR————»

11853-014A
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A0

WE

Do-D7

A0

Do-D7

PROCESSOR WRITE—INDIRECT ADDRESSING MODE

Symbol Characteristic Min Max Units
L AQ Valid to WE Low 0 ns
toiwL CS Low to WE Low 0 ns
twe WE Pulse Width 120 ns
tovwn Data Valid to WE High 70 ns
LA WE High to A0 Invalid ns
tokicH WE High 1o CS High ns
twhp! WE High to Data invalid ns
i WE High to WE or RE Low 100 ns

ﬁ— tavwL —>

<—>*rt WHAI

—\I—f— tCLWL

et WHCH ;L__\—

\

tWE

< t WHWL
'

<—%t WHDI

E’— tDVWH—™

11853-015A

PROCESSOR READ—INDIRECT ADDRESSING MODE

Symbol Characteristic Min Max Units
tavaL A0 Valid to RE Low 0 ns
teLRL CS Low to RE Low 0 ns
tae RE Pulse Width 180 10000 ns
teioy RE Low to Data Valid 180 ns
tricn RE High to CS High 0 ns
tarol RE High to Data Invalid 10 40 ns
oAl RE High to RE or WE Low 100 ns
t RE High to A0 Invalid 0 ns

RHAI

ﬁf tAVRL —™

<——¥ t RHAI

— ]

— ICLRL

4t RHCH ;L_\—

\

d tRE

-

b 4

< t RHRL ——1—
/
/

tRLDV —-M

t RHDI

353G B

Am33C93A
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PROCESSOR WRITE—DIRECT ADDRESSING MODE

Symbol Characteristic Min Max Units
tavaL ADDR Valid to ALE Low 40 ns
e ALE Low to ADDR Invalid 0 ns
LwL ALE Low to WE Low 90 ns
torwl CS Low to WE Low 0 ns
twe WE Puise Width 120 ns
tovwh Data Valid to WE High 70 ns
torkicH WE High to CS High 0 ns
L., WE High to Data Invalid 0 ns
oL WE High to WE or RE Low 100 ns

Y

< t CLwL

t WHCH

et ALWL—Pl¢———— tWE

t AVAL tALAI

\

X

>

/

- tWHWL‘l_

Do-D7 EE aooress OO QUL

PROCESSOR READ—DIRECT ADDRESSING MODE

11853-017A

Symbol Characteristic Min Max Units
tal ADDR Valid to ALE Low 40 ns
taa ALE Low to ADDR Invalid 0 ns
AL il:E Low tcf_ﬁ Low 30 ns
tolme C_S Low to RE Low 0 ns
tRE RE Pulse Width 180 10000 ns
ooy f Low to l?ﬂa Valid 180 ns
tancn RE High to CS High 0 ns
Lol RE High to Data Invalid 10 40 ns
- RE High to RE or WE Low 100 ns
ALE Sr
»—{ CLRL t RHCH
C-§ Sr
—t AlRL—»¢—— ' RE > tRHRL —l_
RE \
tavaL | taal /

Do-D7

+— t RLDV—]
ADDRESS

t RHDI

HIBHHCIBA
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DMA WRITE
Symbol Characteristic Min Max Units
tolwL DACK Lo_w to WE Low 0 ns
toLan DACK, WE Low to DRQ High 75 ‘ns
twa WE Pulse Width 50 ns
wL WE High to WE Low 100 ns
tovwH Data Valid to WE High 25 ns
twhoH f High to DACK High 0 ns
L WE High to DATA Invalid 5 ns
toual DACK High to DRQ Low 0 ns
«—>i— 1t DLOH
DRQ (OUT) \
/ t WHDH p
t pLWL > ! DHaL—*

—— »>
DACK (IN) \ WR 7

e WHWI—————>

WE

n_

y
N‘——j‘ WHDI

S

oo-07 RXORROCR XL X

NOTE: External load on DRQ & DACK is assumed to be 1K Q.

11863-016A

DMA READ
Symbol Characteristic Min Max Units
toraL DACK Low to RE Low 0 ns
toian DACK, RE Low to DRQ High 75 ns
teo RE Pulse Width 80 ns
tanAL RE High to RE Low 100 ns
taov RE Low to Data Valid 70 ns
tanoH RE High to DACK High ] ns
tenon RE High to DATA Invalid 5 40 ns
tonaL DACK High to DRQ Low 0 ns
t DRQ High to DRQ Low 100 ns

DRQ (OUT) _\

tpLaH

4
A J

tDLRL
DACK (IN) \ 7

«— tpp—P—tpyg——>

T\ f

Je—— tpupL ———

> t RHDH

t DHQL —»f

n_

Do-D7

|\

T S QUOXKXKXXXRXKXAXKXXX

NOTE: External load on DRQ & DACK is assumed to be 1K Q.

11853020/

Am33C93A
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DIRECT BUFFER ACCESS WRITE

Symbol Characteristic Min Max Units
tanst DRQ Highto RCS Low 0 ns
te oy RCS Low to WE Valid 0 20 ns
two WE Pulse Width Teyc-20 ns
twiov !V_E Low to Data Valid 50 ns
twHoi WE High to Data Invalid 20 ns
oL WE High to WE Low Teyc-20 ns
toLem DRQ Low to RCS High 8*Tcyc 10" Teye ns
touw RCS High to WE Invalid 0 100 ns
to w RCS Low to WE Low 60 ns
tawe DRQ Low to WE Low (1) 0 ns
1t QHSL tQLSH —»
DRQ (IN) tsLwL
tsLwv taLwi (<> t SHWI —*
RCS (OUT) \ /"

WE OUT) ————  \

le— t wO —»

./

—t WHWL—>

1\

.

tWLDV
Do-D7

ﬁ—‘% t WHDI

DIRECT BUFFER ACCESS READ

Symbol Characteristic Min Max Units
tonst DRQ High to_Fi_CS Low 0 ns
o py RCS Low to RE Valid 0 20 ns
teo RE Puise Width Teyc-20 ns
tovan %ta Valid to RE High 10 ns
taupi RE High to Data Invalid 10 ns
tanRL RE High to RE Low Teyc-20 ns
toisn DRQ Low to RCS High 8'Tcyc 10" Teye ns
e RCS High to RE Invalid 100 ns
L RCS Low to RE Low 60 ns
towaL DRQ Low to RE Low (1) 0 ns
t QHSL +—— tQLSH —*|
t
DRQ(IN) 7 SLRL \r
tsLRY > 'QLRL > tSHRI
RCS (OUT) ]

RE (OUT)

Do-D7

11863-021A

_— N\

tDVRH

«—tRo — ¢ — IRHRL— ™

\__/_I__

S \
; >

< »— tRHDI

11858/0224
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BURST DMA WRITE
Symbol Characteristic Min Max Units
towL DACK Low to WE Low 0 ns
tan E Low to DRQ High 75 ns
twe WE Pulse Width 50 ns
e WE High to WE Low 80 ns
tovwH Ea Valid to WE High 25 ns
twion WE High to DACK High 0 ns
twmol WE High to Data Invalid 5 ns
—tWLQH
DRQ OUT)  \
1 DLWL—¢—>{e— t WR—> t WHDH >
— ?“_
DACK (IN) &r / \ 7/
— tWHWL —
WE N/ 7

00-07 (X XXXXXXXXXXSG LUXNK) LRXXXX

BURST DMA READ

11853-023A

Symbol Characteristic Min Max Units
toLrL E/_\CK Low to RE Low 0 ns
taLan RE Low to DRQ High 75 ns
tap RE Pulse Width 80 ns
tanaL RE High to RE Low 80 ns
teoy E Low to Data Valid 50 ns
towoH E High to DACK High 0 ns
too: RE High to Data Invalid 5 40 ns

DRQ (OUT) —\

+— tRLQH —*

I

tDLRL

DACK (IN) \
fE \

[

tRD —™

tRHDH —

——

./

a— tRHRL —™

Y/

Do-07 IOXOXOIOIOZOXOXOX01010)"-610101010101010 LARXXR

11853-024A

Am33

C93A
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INTRQ
Symbol Characteristic Min Max Units
tnL INTRQ High to RE Low 0 ns
. RE Pulse Width 180 ns
tani RE High to INTRQ Low 0 100 ns
o INTRQ Low to INTRQ High 100 ns
tIHRL 4—— tRHIL tiLIH
INTRQ
[¢——— IR — ¥
RE \
11853-025A
SCSI Interface
ARBITRATION
Symbol Characteristic Min Max Units
tanat BSY, 3EL InHighto BSY Outlow 12'Teyc  6'Tceyc ns
taio B5Y Out Low to BUS ID Out -50 50 ns
toist BSY Out Low to SEL Out Low 22 ps
l———— tpHBL >l tBLSL————>]
BSY 7 \
r¢— 1BLIO —»}
SEL
DBY — — — — — — — — — — — — —
Igroup == — — — — — — — - — = - = — = — — — — = = =
TgroUp — — — — = — = = — — = = = = = = = = = ==

NOTE: Tgroup = signals driven by a Target = O, C/D, MSG, REQ
Igroup = signals driven by an Initiator = ATN, ACK

11853-026A
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SELECTING A TARGET (AS AN INITIATOR)

Symbol Characteristic Min Max Units
ts 00 SEL Out Low to “OR-ED” 1D Out 12 us
tovao “OR-ED" ID Out Valid to ACK, ATN Out 100 ns
tyomn ACK, ATN Out Valid to BSY Out High 100 ns
tanay BSY Out High to BSY In Low Valid 400 ns
tosu BSY In Low to SEL Out High 100 ns
BSY )
tBHBYV tBLSH — ¥
SEL -\ J’_——

R (

tOVAO 1« t AOBH
ATN — = = o — — — o —
ACK — — — — — — — — — 7
Tgroup == — — — — — — - — — — - — — — = = - = — -

NOTE: Tgroup = signals driven by a Target = /0, CID, MSG, REQ
RESPONSE TO SELECTION (AS A TARGET)

11853-027A

Symbol Characteristic Min Max Units
(P SEL In Low to BSY In High 0 ns
tyaH “OR-ED” ID Valid In to BSY In High 0 ns
tanaL SEL Low , ID Valid , BSY High to BSY Low 0.4 200 us
taior BSY Out Low to “OR-ED" ID Invalid In 0 ns
o sn BSY Out Low to SEL In High 0 ns
tavsh ATN Valid In to SEL In High 0 ns
tsio SEL In High to Tgroup Out 100 ns

M— t SLBH

= | —

le—— tpHBL— P t—— 1 BLSH—

tVBH BN — 1BLOI ———»]
DBx — — —( )_ S
je—tAVSH—>
ATN — — = — — — — — — — — (

Tgoup — — — — — — — — — — — — - — (ZXX7_

17853-028A
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RESELECTING AN INITIATOR (AS A TARGET)

Symbol Characteristic Min Max Units
tsi00 SEL Out Low to “OR-ED" ID Out 1.2 s
tovio “OR-ED” ID Qut Valid to 1/O & Tgroup Out Valid 100 ns
tosn I/0 & Tgroup Out Valid to BSY Out High 100 ns
ey BSY Out High to BSY In Low Valid 400 ns
toisn BSY In Low to SEL Out High 100 ns
1 BHBY—{* »>
BSY ]C \
je—— tsL 00 —¥ tBLSH—
SEL \ f
DBYX — — — — — — — (
tovio »1— 1 |0BH
W — —m — — — — — —
Igoup — — — — — — — — f
Tgroup — — — — — — — — — — — — — - — = = = — =
NOTE: Tgroup = signals driven by a Target = cmo, h@lﬁ
Igroup = signals driven by an Initiator = ATN, ACK
11853-020A
RESPONSE TO RESELECTION (AS AN INITIATOR)
Symbol Characteristic Min Max Units
(S SEL in Low to BSY In High 0 ns
tyen “OR-ED” ID Valid In to BSY In High 0 ns
t o 7O In Low to BSY In High 0 ns
taro SEL Low , ID Valid , BSY High to Igroup Out 100 ns
taval Igroup Valid Out to BSY Out Low 100 ns
[ BSY In High to BSY Out Low 0.4 200 us
taol BSY Out Low to “OR-ED” ID Invalid In 0 ns
taish BSY Out Low to SEL In High 0 ns
A SEL In High to BSY Out High 0 ns
[+— L SLBH ]
BSY 7 \ /
¢————— tBHBL —— 1%+ I BLSH tSHBH
UIVBH —f—— {BLOI —¢——>]
= — — { -
[¢——— L [yBH ——]
igroup — — — — — —_ = —
HLBH >l UBAHO—™
o \
Tgrougp — — — — — — — - —_ - = — = — == — — — —

Tgroup = signals driven by a Target = C/D, MSG, REQ
lgroup = signals driven by an Initiator = ATN, ACK

++ BSY will still be driven by the reselecting target.

11853-030A
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e
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RECEIVE ASYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS AN INITIATOR)

Symbol Characteristic Min Max Units
SHPC SEL in High to Phase Change In 0 ns
DT 170 In Low to Data Bus TRISTATE 0 125 ns
PCRL Phase Change In to REQ In Low 400 ns

Data Valid in to REQ In Low 0 ns
REQ In Low to ACK Out Low 0 175 ns
ACK Out Low to Data Invalid In 0 ns
ACK Out Low to REQ In High 0 ns
REQ In High to ACK Qut High 0 175 ns
ACK Out High to Phase Change In 0 ns

i
t SHPC 14——>—t DVRL
4—3:‘ ILDT t ALDI »— ! AHPC
— t
——\~——— PCRL—| ] [—
1 RLAL —{a >le U ALRH
\ Y

t RHAHV
\ /

NOTE: Phase = signals that define the bus phaseﬁ), MSG
11853-031A
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SEND ASYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS A TARGET)

Symbol Characteristic Min Max Units
topc _S_—_E_'E In High to Phase Change Out 100 ns
too 1/0 Out Low to Data Out 800 ns
tovaL Data Qut Valid to REQ Out Low 55 ns
toeaL Phase Change Out to REQ Outlow 500 ns
taiaL REQ Out Low to ACK In Low 0 ns
LRy ACK In Low to REQ Qut High 0 175 ns
taor ACK In Low to Data Out invalid 0 ns
toan REQ Out High to ACK In High 0 ns
tanre ACK In High to Phase Change Out 100 ns
Ll ACK In High to REQ Cut Low 0 175 ns

s _J

DBx
< t SHPC :
¢t | po— ALDI

w -\ 1 DVRL /
\

A

Phase X
REG \ 7

t ALRH > t AHPC
t <t B >
RLAL T RHAN), |

- \ /

r— 1 AHRL

ATN NOTE: Phase = signals that define the bus phase C/D, MSG
11853-032A
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SEL

DBx

o

Phase

REQ

ACK

ATN

SEND ASYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS AN INITIATOR)

Symbol Characteristic Min Max Units
torpe SEL In High to Phase Change In 0 ns
tyoo 170 In High to Data Out 0 ns
tocht Phase Change In to REQ In Low 400 ns
toial REQ In Low to ACK Out Low 0 175 ns
tovaL Data Out Valid to ACK Out Low 55 ns
LRy ACK Out Low to REQ In High o] ns
tanan REQ In High to ACK Qut High 0 175 ns
LI ACK in High to Data Out Invalid 0 ns
tanpc ACK Out High to Phase Change In o ns
: YUK
SHPC > > tovA—™ t AHDI
¢—t pCRL—
\
A A
YALRH »— 1 AHPC
! RLAL i t RHAH

NOTE: Phase = signals that define the bus phase C/D, MSG

11853-033A
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RECEIVE ASYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS A TARGET)

Symbol Characteristic Min Max Units
tsupe SEL In High to Phase Change Out 100 ns
oot 170 Out High to Data Bus TRISTATE 0 ns
tochL Phase Change to REQ Out Low 500 ns
taiaL REQ Out Low to ACK In Low 0 ns
tovar Data In Valid to ACK In Low 5 ns
L an ACK In Low to REQ Out High 0 175 ns
P REQ Out High to Data In invalid 0 ns
tauan REQ Out High to ACK In High 0 ns
Lape ACK In High to Phase Change Out 0 ns
tanRL ACK In High to REQ Out Low 0 175 ns
SEL _]
-t »—1t |HDT < »— t DVAL
o5 SRR~~~ = - X XXX
< »— 1 SHPC t RHDI
e N s
o y \ K
————— t PCRL———|
\
Phase J( )(
REQ 3 7 t AHPC L
t ALRH > < »>
t e » - >
o RLAL Y RHAL |
ACK \ / J
— t AHRL
ATN

NOTE: Phase = signals that define the bus phase &) MSG
11853-034A
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RECEIVE SYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS AN INITIATOR)

Symbol Characteristic Min Max Units
tovaL Data Valid In to REQ In Low 0 ns
teio: REQ In Low to DATA Invalid 45 ns
tavan REQ In Low to REQ In High 50 ns
tanaL REQ In High to REQ In Low 50 ns
taan ACK Out Low to ACK Out High Teye-10 ns
Laial . ACK Out High to ACK Out Low Teyc-25 ns
trce ACK Out High to Phase Change 0 ns
Parameters tg,n, Uy or @Nd Lo, are also applicable and are identical to those in Receive

Asynchronous Information Transfer In (Acting as an Initiator), top of page 37.

o5 X A

tpVvAL

o o TR

—t R RH t RHRL

REQ Sr____] sr_____/ — U AHPC
ACK \ [\

[— U ALAH t AHAL

\

Phase

b

e/
Ol

NOTE: Phase = signals that define the bus phase C/D, MSG
11853-035A
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SEND SYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS A TARGET)

Symbol Characteristic Min Max Units
tovRL Data Valid Out to REQ Out Low 55 ns
taol REQ Out Low to Data iInvaiid 100 ns
taLRn REQ Out Low to REQ Out High Tcyc-10 ns
toaL REQ Out High to REQ Out Low Teyc-25 ns
taran ACK In Low to ACK In High 50 ns
anaL ACK In High to ACK In Low 50 ns
LIRSS ACK In High to Phase Change Out 0 ns
Parameters tg, o, 1y oy @10 topp, are also applicable and are identical to those in Receive

Asynchronous Information Transfer In (Acting as a Target), bottom of page 37.

o X X

le——>—t DVRL
S VRIS
Phase )(

— tRLRH — t RHRL
REQ _\ ; t AHPC

ACK / \ /

re— 1 ALAH— t AHAL

ATN
NOTE: Phase = signals that define the bus phase C/D, MSG
11853-036A
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SEND SYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS AN INITIATOR)

Symbol Characteristic Min Max Units
tovaL Data Valid Out to ACK Out Low 55 ns
taion ACK Out Low to Data Invalid 100 ns
taLan REQ in Low to REQ In High 50 ns
tonmL REQ In High to REQ In Low 50 ns
taian ACK Out Low to ACK Out High Teye-10 ns
tapaL ACK Out High to ACK Out Low Teyc-25 ns
tanpc ACK Out High to Phase Change In 0 ns
Parameters t t andt are also applicable and are identical to those in Send

SHPC’ 'IHDO' PCAL
Asynchronous Information Transfer In (Acting as a Target), bottom of page 39 and 40.

5 X - X
tDVAL—™— taLDI

e Y
Phase
[4—— t B RH tRLAL
REQ \._ 7 Sc / — t AHPC

Aok \ £\

I‘— tALAH —*——‘"— t AHAL

ATN
NOTE: Phase = signals that define the bus phase C/D, MSG
11853-037A

RECEIVE SYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS A TARGET)

Symbol Characteristic Min Max Units
toval Data Valid In to ACK in Low 0 ns
oo ﬂ In Low to De_lﬂnvalid 45 ns
(= E Out Low to FEQ_Out High Tcyc-10 ns
tenmL REQ Out High to REQ Out Low Tecyc-25 ns
taias ACK In Low to ACK in High 50 ns
tanaL ﬂ In High to ACK In Low 50 ns
tanpc ACK In High to Phase Change Out 0 ns

Parameters t,, , t,,, and 1, are also applicable and are identical to those in Send
Synchronous Information Transfer Out (Acting as an Initiator), top of this page.

= X . X
1 DVAL—¢— 1 ALDI

Phase

[—RLR - URLRL :
REQ \ c / LAHPC

AEK X s \ Y,
fe— 1 ALAH —te———>1—1 AHAL

A_Tﬁ 11853-038A
NOTE: Phase = signals that define the bus phase C/D, MSG
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ARBITRATION TO BUS FREE
Symbol Characteristic Min Max Units
ts am SEL In Low
to BSY High , Data TRI-STATE 8" Tcyc +75 ns
— r——
BSY \ /
[—1t S BH—™

SEL \

o8r —— S

11853-039A

SELECTION (AS AN INITIATOR) OR RESELECTION (AS A TARGET) TO BUS FREE

(SELECTION TIMEOQOUT)
Symbol Characteristic Min Max Units
Yranc Timeout or Abort to Data Bus Cleared 0 ns
tocsn Data Bus Cleared to SEL Out High 200 us
toor SEL Out High to Data Bus TRISTATE 800 ns
tm SEL Out High to CNTL TRISTATE 800 ns

= /

SEL
l »—1t SHDT
— < »— 1t DCSH
DBx \ 7A _______
T - »—1 SHIH
group or
Igroup )" _______

NOTE: Tgroup = signals driven by a Target = W), CTD MSG, REQ

lgroup = signals driven by an Initiator = ATN, ACK
11853-040A
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CONNECTED-AS-AN-INITIATOR TO BUS FREE

Symbol Characteristic Min Max Units
tonor BSY In High to Data Bus TRISTATE 8*Tcyc +75ns  ns
tonar BSY In High to Igroup TRISTATE 8*Tcyc +75ns  ns
BSY
4t BHDT *1
DBx - - - - =
tBHGT

Igroup ——-—( )— ________

11853-041A

CONNECTED-AS-A-TARGET TO BUS FREE

Symbol Characteristic Min Max Units
toupr BSY Out High to Data Bus TRISTATE 8*Tcyc +75ns  ns
tonar BSY Qut High to Tgroup TRISTATE 8*Tcyc +75ns  ns
BSY . ]
<—t BHDT *i

DBx >_ ________
‘—1BHGT—’1
)_

11853-042A
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