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NOTICE TO THE READER

In response to your request for literature on our
SCSI product line, please find enclosed a preliminary
copy of our SCSI User Manual. We apologize for not being
able to supply you with a final printed version of the
document and hope this interim copy is temporarily
acceptable. The technical contents are correct and
future versions will simply include additions such as
background information, Table of Content, and an Index.
The final version will be completed by the end of
September.

Thank you for your understanding.






Chapter 1

PRODUCT OVERVIEW

The following section is a detailed description of the SCSI Protocol Controller (SPC)
registers.

Please note the SPCs individual bit functions within the registers use positive logici.e., to
turn a function on or assert a condition, write a 1 to the respective bit location within the
register. To turn a condition off or to deassert, write a 0 to the bit location.

Fujitsu SPCs share a common architecture consisting of 16 directly-addressable registers.
All products are 100% software compatible with one another, making migration within
the product line a relatively simple process. Accessed via a unique 4-bit address (A3 -
AO0), the register set is laid out in a logical and straight forward manner to simplify the job
of firmware design. Many critical functions such as arbitration, phase sensing handshake,
and data transfer count are all handled in hardware, thus reducing software overhead
and development time while increasing performance. All products feature an 8-byte
first-in first-out (FIFO) to ease timing requirements between the system bus and the SCSI
bus.

Fujitsu SPCs can be driven using hardware interrupts or they may operatc in a polled
mode with interrupts disabled. An implementation requiring a combination of polled and
hardware interrupts can also be accommodated.

The three operating modes of the Fujitsu SPCs include a Manual Transfer Mode, where
total control of the SCSI bus signals is possible; i.e., direct control of the REQ/ACK
handshake. The designer will find this operating condition useful for testing and
debugging software and hardware.

The other two operating modes are designed for automated data transfers. The Program
Transfer Mode is designed for non-direct memory access (DMA) transfers with complete
hardware handshake. This mode is useful for short data transfers. The DMA Mode is
used for large block transfers. On-chip DMA interface logic simplifies hardware
connection to commercially available DMA controllers.
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In addition to the aforementioned transfer modes Fujitsu SPCs also feature a Diagnostic
Mode for simulating events on the SCSI bus. This mode can be used to check the software
and the SPC hardware interface without actually connecting it to the SCSI bus.

The Fujitsu SPC family consists of general-purpose controllers. The four products can be
grouped into two product categories; asynchronous and synchronous (data transfer
method). Within each of these groups we offer a version with on-chip single ended
drivers and a version optimized for differential drive (to be used with off-chip drivers).

The optimization for differential drive consists of the separation of SCSI Out and SCSI In
ports (see Figure 1-1). If these buses were combined, 3-state logic would be required
between the driver/receiver and the SPC to support the arbitration feature of SCSI. The
following explanation is offered to help clarify this point.

According to the ANSI X.131-1986 document defining SCSI, when SCSI devices
arbitrate for control of the SCSI bus, each must assert their individual ID bit (bits 0
through 7 are available with bit 7 awarded the highest priority). While asserting one
bit, the SPC must concurrently read the other seven lines to determine if arbitration
was won or lost. Simultaneous assertion of one bit while reading others necessitates the
use of 3-state logic.

The complexity and added connections required for differential drivers makes the
addition of 3-state logic significant. Fujitsu SPCs eliminate the need by allowing the SPC
to read incoming IDs on the SCSI In bus while asserting the ID bit on the SCSI Out bus.

In a single-ended environment the number of connections is relatively low so using
3-state logic does not add a significant amount of logic to the board. Those SPCs that
contain on chip single-ended drivers feature a single SCSI 1/O port and on-chip 3-state
circuitry.

As stated earlier, the Fujitsu SPCs are based on a common architecture so the functional
and operational descriptions found in Chapters 3 and 4 respectively apply to all products
(except where noted). The following descriptions and tables are provided as a means of
highlighting the distinguishing features of each SPC.
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Accommodate Differential or Single-Ended On-Chip Open Collector Drivers

MB87030
MB87031

I l MB87033*
scsin § < DM > 80-Pin Flatpack
84-Pin PLCC

* Under Development

MB89352

48-Pin DIP
48-Pin_Flatpack

88-Pin PGA
100-Pin Flatpac)

MB89351

64-Pin DIP
| 64-Pin_Flatpack

NECO0OJO0OTOIKLDP|OCOIO~TOIKW

Figure 1-1. Bus Structures in Relation to Chip Features
(asynchronous vs. synchronous and on chip driver vs. off-chip drivers)

This matrix illustrates the various bus structures and how they relate to the chip features.

MB87030CR and MB87031PF

These designs are best suited for high performance applications requiring differential
drivers and synchronous transfer capability. Separate control and data buses allow
uninterrupted access to the SPC. This is particularly critical during synchronous data
transfer operations. A combined bus structure would require the transfer to stop while
the MPU is accessing the chip.

MB87033B

The MB87033B is also intended for high performance systems requiring synchronous data
transfer. However, the MB87033B includes on-chip single ended drivers allowing direct
connection to a single-ended SCSI bus. Separate control and data buses permit the central
processing unit (CPU) to monitor the SPC during high-speed synchronous-burst data
transfers.
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MB89351

The MB89351 is based on the MB87030 except the synchronous logic has been removed.
Intended for lower cost applications, the MB89351 combines the data and control buses as
a means of reducing pin count, external parts count, and cost.

The MB898351 features separate SCSI In and Out buses similar to the MB87030/31. This
configuration simplifies the interface to differential drivers by eliminating the need for
3-state logic.

MB89352

This device is functionally the same as the MB89351 except the single-ended drivers are
on-chip. Because the device is used only in single-ended applications, the SCSI In and
SCSI Out buses are combined.

Table 1-1 highlights the salient features of each device.

Table 1-1. Device Features

MB87033 MB87030 MB89352 MB89351
MB87031
Single Ended Driver/Rcvr On Chip No On Chip No
Differential Driver/Revr No External No External
Synchronous Transfer Yes Yes No No
Transfer Byte Counter 28-bit 24-bit 24-bit 24-bit
Arbitration Fail Interrupt Yes No No ) No
Atn Condition
“Detect Interrupt Yes No No No
FIFO Ful/Empty Interrupt No No Yes Yes
Interrupt Signal Line Count 2 1 1 1
MPU Bus Parity Generator Yes No Yes Yes
DMA Bus Separate Separate Common Commoen
From CPU From CPU To CPU To CPU
BUS BUS BUS BUS
Process CMOS CMOS CMOSs CMOSs
Package QFP-80P PGA-88C DIP-48P SDIP-64P
LCC-84P QFP-100P QFP-48P QFP-64P




Chapter 2

ARCHITECTURE

Addressing

A unique address is assigned to each internal register, and a particular register is
identified by address bits A0 to A3. Table 2-1 shows internal register addressing,.

Internal Register Assignments

Table 2-2 shows the bit assignment to each internal register. When accessing an internal
register (in read / write), remember the following;:

Y
2

(3)
4)
(5)

The internal register block includes read-only /write-only registers.

Some registers serve two functions depending on whether the register is being
written to or read.

A write to a read-only register is ignored.
If a write-only register is read out, the data and parity bit are undefined.

At bit positions indicating “—" for a write in Tables 2-1 and 2-2 indicate either 1
or 0, and may be written. :
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Table 2-1. Internal Register Addressing
CS| A3 | A2 | A1]| A0} OP Register Name Abbr.

oJo]ofol|o \'l"v Bus Device ID BDID

olo]|lo}ol| 1 ‘*; SPC Control SCTL

0 0 0 1 0 R Command SCMD
w

o | o o |1 1 \?I Transfer Mode TMOD

0 0 1 1o 0 R Interrupt Sense INTS
W Reset Interrupt

0 0 1]o 1 R Phase Sense PSNS
w SPC Diagnostic Control SDGC

0 0 111 0 \7&/ SPC Status SSTS

ol o 114 1 \TV SPC Error Status SERR

ol 11 olo | o \*; Phase Control PCTL

0 1 olo 1 R Modified Byte Counter MBC
W .

o] 1 o] 1 0 \7&/ Data Register DREG

o] 1 o] 1 1 \7\, Temporary Register TEMP

o} 1 110 0 \l;:, Transfer Counter High TCH

0 1 1] o0 1 \FI‘V Transfer Counter Middle TCM

0 1 111 o] \'Z[ Transfer Counter Low TCL

0 1 1] 1 1 ‘Z External Buffer EXBF
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Table 2-2. Internal Register Bit Assignment
HEX Name oP 7 6 5 4 3 2 1 0 P
Address| (Abbr.)
0 Bus Device | g SCS! Bus Device ID
1D (BDID) #7 | #6 #5 #4 #3 #2] # | # |0
W SCSI Bus Device ID
D4 D2 D1
1 SPC R | Reset | Control | Diag ARBIT Parity | Select | Reselect| INT P
Control and Reset Mode Enable Enable | Enable] Enable | En-
(SCTL) W | Disable abel
2 Command | R Transfer Modifier P
(SCMD) Command Code RST Inter-
W Out cept PRG ‘0 Term.
xfer Xfer Mode
3 Transfer R | Syne. | Max Transfer Min. Transfer 0 o |p
mdgm W Xter Offset Period
4 2 1 2 1
4 Interrupt R | Selected] Resel- | Discon- | Com Service Time| SPC Reset | P
Sense ected |nected mand Required] Out Hard | Con
(INTS) Com Error | dition
plete Reset
w Reset Interrupt —
5 | Phase R| Rea | ack | AN | seL | Bsy | msg] cm |wo |p
Sense W
(PSNS) — —
5 | SPc R - —
Diagnostic
Contol | w| Diag. | Diag. Diag. | Diag.| Diag. | Diag.
(SDGC) REQ | ACK BSY | MSG C/ID | WO
6 SPC R Connected SPC Xfer in SCSI TC=0 DREG Status | P
Status INIT | TARG Busy Pro- RST FULL | EMPTY
(SSTS) gress
W — —
7 SPCEmor | R Data Error ‘0 ‘0 TC P- | Phase | Short Offset| P
Status scs | spc Error | Error | Period | Error
(SERR)
w
8 Phase R | Bus P
Control Free Transfer Phase
(PCTL) W | Omter MSG | C/D D
Write ‘0 Out Out Out
Enable
9 Modified R MBC
Byte 0" Bita | 2 | 1 | o |P
Counter w
(MBC) —
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Table 2-2. Internal Register Bit Assignment (Continued)

HEX Name oP 7 6 5 4 3 2 1 0 P
Addres (Abbr.)
A Data R ; IF
Register Internal Data Register (8 Byte FIFO) b
(DREG) | w| gtz | 6 | 5 | 4 | 3 | 2] 1] o
Temporary Data Input From SCSI) P
B |Temporay | R| Bit7 6 5 | 4 3 2 1 0
Register I
(TEMP) Temporary Data (Output From SCSI) P
Wl Bit7 6 5 4 3 2 1 0
Cc Temporary R P
Counter Transfer Counter High (MSB)
High Bit23 22 21 20 19 18 17 16
(TCH) wil ®
D Temporary R P
Counter Transfer Counter Middle (2nd Byte)
Mid Bit15s 14 13 12 1 10 17 8
(TCM) w
E Temporary R P
Counter Transfer Counter Low (LSB)
Low Bit7 6 5 4 3 2 1 0
(TCL) w
E |Tem R P
porary
Counter External Buffer
Low wl| Bit7 6 5 4 3 2 1 0
(L) | | | | - I
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Functional Blocks

Figure 2-1 shows the SPC functional block diagram. SPC mainly consists of the following
functional blocks:

(1) Internal register block

(2) MPU interface control block

(3) Bus phase control block

(4) Arbitration/selection sequence control block
(5) Transfer sequence control block

(6) Transfer byte counter block

(7) Data buffer register block
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SCMD >
"— TCH
;a TMOD —11 > - TCM v
____REQl TCL
~__REQO TRANSF | — DREQ
< ACKI CONSEER = DRESP
__ACKO ] | HIN _
! SLuse F = DB
PCTL — 1 _[_a 7-0.P
R Ol =
"1 _PHase DREG
CONTROL 0
A 1
PsNs = |=:’ a \
- B 2
_l :
Y 4
SDBI0-7, P X
~— A - 5
LILIL | I
._H_.”,,, scTL |2 6
<SELo r 7
___SELI | Eil
____BSYO ARBITRATION ~
syl —] & SELECTION ” CIK
PO ) (N | »J TEMP -—
INIT v] (OUT) RST
— e,
Tare_ J I 3 Temp
< K
1. INTR .
2y 500 . A3-AO
— ADDRESS g TS
lzrsea%rsn o4 SERR = &MPU__ | RD, RDG
INTERFACE r_——_wr. WIG
| PPELADALLL
—»4 SSTS
Figure 2-1. SPC Functional Block Diagram
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Operation or Block Diagram Description

MPU Interface Control Block

The MPU Interface Control Block selects a specified internal register and controls a
read/write operation.

(This is done to report the result status of the SPC internal operation, and the detection of
an error, if encountered.)

Bus Phase Control Block

The bus phase control block generates a specified bus phase for SCSI and controls its
sequence of execution. Also, this block supervises SCSI status, and responds to the bus
phase being executed if necessary.

Arbitration/Selection Sequence Control Block

The sequence control block executes the ARBITRATION phase with the SCSI-specified
timing and obtains permission to use the SCSI bus. Then, it carries out the
SELECTION/RESELECTION phase and checks the response from the

selected /reselected device. Also, this block detects the SELECTION/RESELECTION
phase on SCSI, and checks the bus device ID specified in the internal register against that
specified on the SCSI data bus. Then, if this block finds that SPC has been sclected by
another SCSI bus device, it executes the response sequence for the
SELECTION/RESELECTION phase.

Transfer Sequence Control Block MB87030/1/3

This sequence control block controls the DATA IN/OUT, COMMAND, STATUS, and
MESSAGE IN/OUT phases to be executed in SCSI. The following two modes are
available for execution of these transfer phases:

(1) Manual Transfer Mode

In Manual Transfer Mode, the MPU interface is used for transferring data and
sending/receiving/checking the REQ/ ACK signals on SCSI.

11
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)

Hardware Transfer Mode

In Hardware Transfer Mode, SPC controls the SCSI transfer sequence according to
the transfer mode and transfer byte count specified in the internal registers, and
reports the end result of transfer. In the asynchronous mode transfer operation, the
REQ and ACK signals are controlled by the interlock protocol. In the synchronous
mode transfer operation, a maximum of 8-byte offset is available for the DATA
TRANSFER phases. The hardware transfer mode is subdivided into two modes
according to the data routing:

a) Program Transfer Mode

Data is routed via MPU interface in the following data paths:
SCSI « Data buffer register <> Data bus lines D7 to DO and DP.

b) DMA Mode

Data is routed using DREQ and DRESP signals for DMA control in the
following data paths:
SCSI « Data buffer register <> Data bus lines HDB7 to HDB0 and HDBP.

Transfer Sequence Control Block MB89351 and MB89352

This sequence control block controls the DATA IN/OUT, COMMAND, STATUS, and
MESSAGE IN/OUT phases to be executed in SCSI. The following two modes are
available for execution of these transfer phases:

1

2

12

Manual Transfer Mode

In Manual Transfer Mode, the MPU interface is used for transferring data and
sending/receiving/checking the REQ/ ACK signals on SCSI.

Hardware Transfer Mode

In Hardware Transfer Mode, SPC controls the SCSI transfer sequence according to
the transfer mode and transfer byte count specified in the internal registers, and
reports the end result of transfer. In the asynchronous mode transfer operation, the
REQ and ACK signals are controlled by the interlock protocol. The hardware
transfer mode is subdivided into two parts according to the following data routing:
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a)

b)

Program Transfer

Data transfer between the MPU and SCSI is executed using DREG. The DREG
status is acknowledged by the MPU with one of the following methods.

The MPU reads the SSTS register at any time and controls data transfer
according to the results.

INTR (interrupt signal) is sent to the MPU to acknowledge the DREG needs
data or has data as a result of reading from or writing in SCSI.

DMA Transfer

In this mode, the SPC executes data transfer with the MPU via DMAC by
sending the DREQ signal.

When requesting memory access, the SPC makes the DREQ signal active.

During an input operation, DREQ is sent when the SPC internal data buffer
register contains data received from SCSI. During an output operation, DREQ
is sent when all bytes specified by the transfer byte counter have not yet been
fetched and the internal data buffer contains empty bytes.

DREQ is not a 1-byte transfer request. DREQ is kept active while the SPCis in
the conditions explained above.

Also, the DACK signal may be kept active if the response can be continuously
issued. It does not have to be pulsed for each byte.

Transfer Byte Counter Block

The transfer byte counter indicates the number of bytes to transfer to/from SCSI for
hardware transfer mode operation. It is 24-bits long. MB87033B transfer byte counter is
28-bits. Except for execution of a special transfer operation (padding), the transfer byte
counter is decreased by one each time one byte of data is transferred on SCSI. The
transfer byte counter is also used as a timer for supervising the waiting time for a
response to be returned from the selected SCSI bus device during execution of the
selection/reselection phase. The three 8-bit registers, TCH, TCM, and TCL, make up the
24-bit counter.

13
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Data Buffer Register Block

The data buffer register block is used in execution of a Hardware Transfer Mode
operation in SPC. It has a capacity of eight bytes, and operates on the FIFO principle for
each byte. In an input operation (from SCSI to SPC), data received from SCSI is loaded
into the buffer register. In DMA mode, transfer request signal DREQ is generated to the
external buffer memory. Also, in program transfer mode data can be read out from this
buffer register. In an output operation (from SPC to SCSI), data supplied from the MPU
interface (program transfer mode) or external buffer memory (DMA mode) is loaded into
the buffer register and then sent to SCSI. In this case, a maximum of eight bytes of data is
prefetched into the SPC. The eight byte FIFO appears as a single register (DREG) to the
MPU interface. In an input operation, the byte locations holding valid data are selected in
succession for reading out. In an output operation, the empty byte locations are selected
in succession for writing in.

14
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OPERATIONAL DESCRIPTION
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BDID

Address
#0

BDID Register — Bus Device Identifier Register

OP 7 6 5 4 3 2 1 0 P

Bit Significant Bus Device ID

R
#7 #6 #5 #4 #3 #2 #1 #0 ‘0’
w SCSI Bus Device ID
ID4 ID2 ID1

17
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Write Operation (Bits 2 to 0):

The BDID register specifies the SCSI bus device identifier of the SPC (ID) as a three-bit
binary number. This setting must be completed before resetting the SCTL register’s bit 7
(Reset & Disable). Bits 2 to 0 are cleared during a power-on reset only.

Read Operation:

The BDID register indicates the SCSI physical device ID of the SPC. The SCSI physical
device address is decoded from the values of bits 2 to 0 as specified in a write operation
to the BDID register described above. One of the bits is ‘one’, the others are all ‘zeros’.
The SCSI bus usage priority is assigned in descending order from bit 7 to bit 0. Using a
bus device ID indicated in this register, the SPC executes the ARBITRATION phase. Also,
if a SELECTION/RESELECTION phase condition occurs in SCSI, the value of the SCSI
data bus is checked against the contents of this register to see whether the SPC has been
selected /reselected or not.

Examples: Writing hex 03 to this register will result in hex 08 being read.
Writing hex 07 to this register will result in hex 80 being read.

18
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Operational Description

SCTL Register — SPC Control Register

SCTL

Address
#1

opP 7 6 5 4 3 2 1 0 P
R F;?:ft Control | Diag ARBIT | Parity Select | Reselect] INT P
w Disable Reset Mode | Enable | Enable | Enable | Enable | Enable

Bit 7: Reset and Disable

Bit 7 generates a reset instruction to the internal registers and control circuits in the SPC.
When this bit is 1, the SPC is reset and logically disconnected from SCSI (put in the dis-
able state). Execution of the hardware reset (RST input = ‘L") causes this bit to be 1. To en-

able the SCSI operation, bit 7 must be made zero to enable SPC operation.

19
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Bit 6: Control Reset

The data transfer control circuit is reset when this bit is 1. Even if the control reset is exe-
cuted by this bit while the SPC is connected to the SCSI bus, the SPC maintains the con-
nection with SCSI. This bit should be used for resetting the data transfer control circuit
while it is connected with SCSI. More specifically, it should be used when an error is indi-
cated by bit 1 (SPC Hardware Error) of the INTS register during execution of the SCSI
transfer phase or when a timeout occurs before completion of Transfer command execu-
tion (supervised by the MPU program). Bit 1 (SPC Hardware Error) of the INTS register
and the SERR register are cleared by this bit.

Note: This reset function initializes the SPC transfer control circuits. So, when the SPC
serves as an INITIATOR, the following consideration is required:

— Since the REQ signal may be active during control reset, the first byte should
be transferred in manual mode after resetting.

Bit 5: Diagnostic Mode

When bit 5 is 1, the SPC enters a diagnostic mode and is disconnected from SCSI. The di-
agnostic mode allows pseudo-execution of the SCSI operation using the SDGC register (to
be explained later).

Bit 4: Arbitration Enable
Bit 4 indicates whether the ARBITRATION phase is executable in SCSI or not.

1 - ARBITRATION phase executable
0 - ARBITRATION phase nonexecutable

With this bit set to 1, the Select command causes the SPC to execute the ARBITRATION
phase. If the SPC wins the arbitration, it executes the SELECTION/RESELECTION phase.
With this bit set to 0, the Select command causes the SPC to execute the SELECTION
phase without the ARBITRATION phase. As long as bit 4 is 0, the SPC will not respond to
a reselection request from other SCSI bus devices. No response is made even if bit 1
(Reselect Enable) of this register is set to 1. Remember that bit 4 must be set correctly be-
fore clearing bit 7 (Reset and Disable) of the SCTL register. Note also that this bit should
not be changed in other than a diagnostic mode after clearing bit 7 of the SCTL register.

20
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Bit 3: Parity Enable

Bit 3 indicates whether the parity of data received from the SCSI data bus is to be checked
or not.

1 - Parity of the data received from the SCSI data bus is checked.
0 - Parity of the data received from the SCSI data bus is not checked.

Regardless of the value of this bit, the parity of the data to be sent to the SCSI data bus is
ensured. Also, the parity of the data on the SPC internal data bus is always checked.

Note: While the SPC is connected with SCSI, this bit should not be changed.

A parity check is carried out in the following cases:

(1)  When checking an ID value placed on the data bus upon detection of the
SELECTION/RESELECTION phase in SCSI detection of a parity error causes no
response to the SELECTION /RESELECTION phase even if the SCSI bus device ID
has been matched. ,

(2) If a parity error is detected in a data byte, when receiving data from SCSIin an
input transfer sequence, the relevant parity bit value is corrected and the data byte
with the corrected parity is sent to the MPU/DMA data bus.

Bit 2: Select Enable
1 — The SPC responds as a TARGET device to the SELECTION phase in SCSL.
0 - The SPC does not respond to the SELECTION phase in SCSI.

Note: If the SPC has already detected the SELECTION phase during an attempt to set
this bit to 0, the SPC responds to the SELECTION phase as a TARGET device. In
this case, the 0 setting is effective for the subsequent SELECTION phase (with
no response).

‘Bit 1: Reselect Enable
1 - SPCresponds as an INITIATOR to the RESELECTION phase in SCSL
0 - SPCdoes not respond to the RESELECTION phase in SCSI.

Note: If SPC has already detected the RESELECTION phase during an attempt to set
this bit to 0, SPC responds to the RESELECTION phase as an INITIATOR. In

21
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this case, the 0 setting is effective for the subsequent RESELECTION phase
(with no response).

Bit 0: Interrupt Enable

Bit O serves as a mask for enabling/disabling the hardware interrupt (INTR) output from
the SPC.

1 - Interruptenabled
0 - Interrupt disabled
A hardware interrupt due to a RESET condition detected in SCSI cannot be masked.

Regardless of the value of this bit, an interrupt event is always indicated in the INTS reg-
ister. This allows poll-mode operation when the hardware interrupt (INTR) is disabled.

22
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SCMD

Address
#2
SCMD Register — SPC Command Register
oP 7 6 5 4 3 2 1 0 P
R RST Inter- Transfer Modifier P
Command Code Out cept PRG ‘0’ Term.
w Xfer Xfer Mode

Register Functions

The SCMD register is used for issuing a command to the SPC. Writing into this register
causes the SPC to initiate the command specified with bits 7 to 5.

23
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Bit 7 to 5: Command Code
Bt 7 6 5 Command

0 0 0 Bus Release

0 0 1 Select

0 1 0 Reset ATN

0 1 1 Set ATN

1 0 0 Transfer

1 0 1 Transfer Pause

1 1 0 Reset ACK/REQ

1 1 1 Set ACK/REQ
Bit 4: RST Out

If bit 7 (Reset and Disable) of the SCTL register is 0, setting bit 4 to 1 asserts the SCSI RST
signal. When bit 4 is set to 1, a command being executed or waiting for execution in the
SPC s cleared and all signals to SCSI other than RST are deactivated. To ensure for the
SCSI timing requirements, the MPU must maintain this bit at 1 for more than 25 microsec-
onds.

Note: If the RST signal is received from the SCSI bus with this bit set to 0, the
operation sequence is as follows:

(1) A command being executed or waiting for execution in the SPC is cleared
(2) All signals to the SCSI bus are deactivated
(3) An interrupt condition (non-maskable) is generated

Whenever bit 7 (Reset and Disable) of the SCTL register is 0, the SPC always accepts the
RST signal from the SCSI bus.

Bit 3: Intercept Transfer

Bit 3 specifies the special data transfer mode. It is valid only when SPC serves as an IN-
ITIATOR. -

This bit should be set to 1 together with the Set ATN. Set ACK/REQ, or Bus Release com-
mand (Bus Release command has no effect when the SPC has been connected with SCSI
as an INITIATOR). This bit should be reset together with the Reset ACK/REQ command.
(When two or more bytes are transferred using the Set ACK/REQ and Reset ACK/REQ
commands, this bit must be reset on issuance of the Reset ACK/REQ command for the
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last byte.) With bit 3 of SCMD register set to 1, executing manual transfer (MPU-con-
trolled transfer using the Set ACK/REQ and Reset ACK/REQ commands) does not
change the contents of the eight-byte data buffer register in the SPC. Therefore, if a TAR-
GET changes bus phase (i.e., it changes to MESSAGE IN during execution of the DATA
OUT phase), this intercept transfer mode makes it possible to optionally restart the DATA
OUT phase at the end of the interrupting phase. The phase change during transfer execu-
tion is reported by a ‘service required’ interrupt. To execute this intercept transfer mode,
bit 3 of SCMD register must be set to 1 prior to the resetting of an interrupt (an interrupt
must be reset after bit is set to 1). Even when not using the intercept transfer mode, bit 3
may be specified for resetting a ‘service required” interrupt. In this case, bit 3 must be set/
reset together with the Bus Release command. For more details, see the description of bit
3 (Service Required) of the INTS register.

Bits 2 to 0: Transfer Modifier

Bits 2 to 0 are used as a field for specifying the execution mode of the information transfer
phase. A value must be set in this field when the Transfer command is issued. If any of
the following commands are issued during execution of the Transfer command, this
field’s value must not be changed.

e Set ATN
e Transfer Pause

e Reset ACK/REQ

Bit 2: Program Transfer

1 - Data are transferred between the MPU and the data buffer register in SPC.

0 - Data are transferred in the DMA mode in which the SPC signals a transfer
request to the external buffer memory.

Bit 1: Unused
Bit 1 must always be set to 0.

Bit 0: Termination Mode

Bit 0 provides different functions depending on the SPC operating mode. When SPC
serves as an INITIATOR, bit 0 specifies the following operations:

25



Operational Description Fast Track to SCS/

1 - Even after the transfer byte counter reaches 0 during execution of the
Transfer command, data transfer will continue if the REQ signal arrives
from a TARGET within the same phase. If an output operation is in
progress, all 0 bits (with a parity bit set to 1) are transmitted as data.
During an input operation, the received data is ignored. But parity is
checked if it is enabled (Parity Enable). The above data transfer is referred
to as padding transfer, which is effective only when the DATA IN or DATA
OUT phase is executed. Padding transfer is executed only within SPC, and
a transfer request is not signaled to the external buffer memory even if the
DMA transfer mode is specified. Padding transfer is maintained until a
TARGET changes the bus phase. In the padding transfer mode, if the
Transfer command is issued with the initial value of the transfer byte
counter set to 0, execution of padding transfer is started with the first byte.
To carry out an output operation in this case, the TEMP register must be
set to X“00’ prior to issuance of the Transfer command.

0 - Transfer command execution terminates when the transfer byte counter
reaches 0. The Transfer command must be reissued to receive the next REQ
signal from a TARGET.

When the SPC serves as a TARGET, bit 0 specifies the following operations:

1 - Ifa parity error is detected in the received data during execution of the
Transfer command for input, the current transfer sequence is immediately
stopped to terminate Transfer command execution.

0 - Evenif a parity error is detected in the received data during execution of
the Transfer command for input, the current transfer sequence continues
until the transfer byte counter reaches 0.

Command Functions

Bus Release command
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When the SPC acts as a TARGET, the Bus Release command instructs a transition to
the BUS FREE phase. During execution of the information transfer phase, the
Transfer Pause command must be issued to halt the data transfer operation prior to
this command. Otherwise, the SCSI bus sequence is not ensured. The Bus Release
command may also be used to cancel the Select command waiting for the bus to
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become free. Note that the Bus Release command is ignored if the SPC has already
started the ARBITRATION or SELECTION phase.

Select command

The Select command requests the SELECTION /RESELECTION phase to be started. It
shall be issued only when the SPC is not connected with SCSI. When the SPC receives this
command, it carries out the following operation upon detection of the BUS FREE phase is

SCSI.
M

2

When bit 4 (Arbitration Enable) of the SCTL register is set to 1:

After the BUS FREE phase has been detected, the SPC executes the
ARBITRATION phase to try to obtain bus usage permission. If the SPC has
lost the arbitration, the Select command terminates its execution. If the SPC
has won the arbitration, the SPC executes the SELECTION or
RESELECTION phase. The SELECTION phase is executed when bit 0 (I/O
Out) of the PCTL register is set to 0, and the RESELECTION phase is
executed when it is set to 1.

When bit 4 (Arbitration Enable) of the SCTL register is set to 0:

After the BUS FREE phase has been detected, the SPC executes the
SELECTION phase.

Before the select command is issued, the following settings must be made in either of the

above cases:

(1

V)

PCTL register
Specify the phase to be executed at bit 0 (I/O Out).

0 - SELECTION phase to be executed
1 —RESELECTION phase to be executed

Note that whenever bit 4 (Arbitration Enable) of the SCTL register is set to 0,
the SELECTION phase is executed regardless of the value of bit 0 in the
PCTL register.

Set ATN command

Issue the Set ATN command if it is required to assert an ATN signal at the
SELECTION phase.
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3)

@)

®)

TEMP register

In the TEMP register, specify a value to be sent to the SCSI data bus during
execution of the SELECTION /RESELECTION phase.

TCH and TCM register

Specify a response (BSY signal) waiting supervisory time for execution of the
SELECTION/RESELECTION phase. The supervisory time Ts, should be
calculated as follows:

Assuming that the value of TCH and TCM is N (MSB: TCH; LSB: TCM):
When N does not equal 0, Tsp. = (N x 256 + 15) x TTcLF x 2. When N equals
0, T = infinite. Where TcLF is a cycle time of the clock signal supplied to the
CLK pin of the SPC.

TCL register

Specify a period of time (Twar) from the moment when both BSY and SEL
signals become inactive on SCSI (upon detection of the BUS FREE phase) to
the moment when the SPC initiates the ARBITRATION/SELECTION phase.
Parameters (X‘00") to (X’OF’) can be specified in the TCL register.

The average value can be derived using the following equation:
TWAIT = [(Tcy) + 6] x TcLr to [(Tcry + 71 x TeLr

Where,

(TcL) equals the value in the TCL register.
TcLF: equals the cycle time of the clock signal supplied to the CLK pin of
the SPC.

Table 3-1 lists the recommended values for the TCL register.
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Table 3—1. TCL Register Recommended Values for Use of Select Command

Ter (NS) TeL Twarr (average) (ns)
124 - 180 (04)16 1,250 - 1,980
140-200 (03)4¢ 1,260 - 2,000
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In ARBITRATION phase execution by the Select command, the bus device identifier (ID)
which is sent to the SCSI data bus is the value specified in the BDID register. The follow-
ing equation can be used to obtain the period of time (TARrp) required from the moment
when the arbitration is started (BSY signal assertion) to the moment when the bus usage
priority is examined:

Tar =32 x TcLF

Where, TcLr indicates a cycle time of the clock signal supplied to the CLK pin of the SPC.
After the SELECTION/RESELECTION phase execution is started, a time-out interrupt
occurs if no response is acknowledged within the supervisory time specified in the TCH
and TCM registers. When a time-out interrupt occurs, the SPC holds the current execu-
tion state of SELECTION/RESELECTION phase for SCSI. However, until the time-out
interrupt condition is reset, the SPC executes “no operation” to the response from the bus
device being selected. Either of the following procedures can be used for a time-out inter-
rupt:

¢ Restart of SELECTION/RESELECTION phase:

After specifying a new supervisory time in the TCH, TCM and TCL registers, reset
the time-out interrupt condition. Then, the SPC will restart the SELECTION/
RESELECTION phase in progress. At this time, changing the TEMP register contents
can alter the value being sent to the SCSI data bus. New supervisory time Ts is ex-
pressed as follows:

Assuming TCH, TCM and TCL value to be N (MSB: TCH, LSB: TCL);

TsSL=NxTcrgx2 (N #0)

Where

Tcvr indicates a cycle time of the clock signal supplied to the CLK pin of the SPC.
¢ Termination of SELECTION/RESELECTION phase:

When a time-out interrupt occurs, the values of TCH, TCM and TCL registers are 0.
Resetting the time-out interrupt condition in this state causes the SPC to deactivate
all signals to SCSI and terminate the SELECTION/RESELECTION phase unless the
BSY signal is returned. If the BSY signal is returned when the interrupt condition is
being reset, then the SPC executes the normal sequence to complete the Select com-
mand. To reset a time-out interrupt condition, set bit 2 of the INTS register and TCM
registers, and the time-out interrupt will not occur. However, the above time-out in-
terrupt resetting procedure must be carried out to terminate the
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SELECTION/RESELECTION phase in progress. If the SPC recognizes a response
from the selected /reselected device during the SELECTION/RESELECTION phase
execution, the SPC executes an interface sequence to serve as an INITIATOR (at SE-
LECTION phase) or TARGET (at RESELECTION phase). When the Select command
isissued, the SPC status is indicated in the SSTS register. Figure 3-1 shows the status

transitions.

Select
command

S S Com G G e,
{ Busrelease \
command
N - —— ——

2

.

/
/
|
|
|

SSTS register *1
Bit7 6 5
Connected
SPC
INIT | TARG Busy
“a] Unconnected
with SCSI > 0 0 0
Waiting for
BUS FREE phase 0 0 1
ARBITRATION
phase being 0 0 1
executed
No ) 1
Win 2
SELECTION
phase being 1 0 1 \_
Lexecuted P U
OoR { Time-out \
RESELECTION \_interrupt _/
phase being 0 1 1
executed
SELECTION 1 0 0
RESELECTION interrupt
phase completed Y 1 0

Figure 3—1. Status Transition in Select Command Execution
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Notes:
*1:  Check the SPC status after the elapsed time (shown below) following issuance of
the Select command:
(1) If Arbitration Enable bit is set to 0 the minimum waiting time is 22 x (Clock
cycle: TcLp)

(2) If Arbitration Enable bit is set to 1 the minimum waiting time is (55 + Set
value in TCL) x (Clock cycle: TcLp) ‘

*2:  The Select command waiting for BUS FREE phase can be canceled using the Bus
Release command. However, if the bus becomes free simultaneously with issue
of the Bus Release command, the Select command remains valid to execute the
ARBITRATION and SELECTION/RESELECTION phases. The MPU program
must make sure that the Select command has been canceled after more that four
clock cycles pass from the time the Bus Release command (write to SCMD
register) was issued.

*3: If the SPClost the arbitration, the Select command terminates automatically (a
command complete interrupt does not occur). In this case, note that the register
contents are unpredictable. When issuing the Select command again, be sure to
specify the relevant value (see (2)-e, TCL register.

Note: the MB87033 can be configured to issue a command complete interrupt if the
SPC loses the arbitration.

Set ATN command

The Set ATN command is valid only when the SPC is acting as an initiator. If this
command is issued prior to the Select command, the ATN signal is sent to SCSI
during the execution of the SELECTION phase. If the Set ATN command is
issued while the SPC is connected with SCSI as an INITIATOR, the ATN signal is
sent to SCSI immediately. When the parity checking for the SCSI data bus is
enabled and the SPC detects a parity error in the data received from SCSI (during
execution of the input transfer operation in hardware transfer mode), the ATN
signal is sent automatically to SCSI regardless of the Set ATN command (see Figure
3-2) The assertion of ATN signal is retained until the condition described in the
following subsection, Reset ATN command, is satisfied. However, the ATN
signaling condition held in SPC, by the Set ATN command issucd prior to the
Select command, is cleared, if on of the following conditions is met:
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e The Sclect command is canceled by the Bus Release command

* A sclected/reselected interrupt occurs before execution of the selection phase

DATA BUS

INVALID PARITY

>____
AEQ / N
AGK / \
AT \

7N

Figure 3—2. ATN Signal Generation in Data Transfer

Reset ATN command

The Reset ATN command is used to reset the ATN signal being sent to SCSI. If the
SPC gencrates an ATN signal (due to a parity error in the received data) during
execution of the Hardware Transfer Mode operation, do not issue this command to
reset the ATN signal until execution of the current Transfer command is complete.
Also, to reset the ATN signal in manual transfer mode, execute the Reset ATN
command before the ACK signal is sent to SCSI. In the following cases, the SPC
will automatically reset the ATN signal without the Reset ATN command:

¢ On occurrence of a disconnected interrupt

¢ On sending the last byte during execution of the MESSAGE OUT phase in hard-
ware transfer mode (see Figure 3-3)
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DATA BUS

LASTBYTE

REQ / \
ACK / \
ATN /

A
S

Figure 3-3. ATN Signal Resetting in MESSAGE OUT Phase

Transfer command
The Transfer command executes the following information transfer phases in SCSI:
e DATA IN/OUT phase
e STATUS phase
¢ COMMAND phase
¢ MESSAGE IN/OUT phase

The transfer operation initiated by this command is referred to as a hardware
transfer operation, the sequence of which is controlled by the SPC. Before issuing
the Transfer command, be sure to set up the following:

(1)  Transfer byte counter (TCH, TCM, TCL)
Set the byte count of the data to be transferred (MSB: TCH, LSB: TCL)

(2)  Bits 2 to 0 of the PCTL register
Set a pattern indicating the phase to be executed

(3)  TMOD register
Set detailed transfer mode
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When the SPC serves as a TARGET, it executes the information transfer phase
specified in the PCTL register and terminates the Transfer command when any of
the following conditions is encountered:

* The number of bytes specified in the transfer counter have been transferred.
* Receipt of the Transfer Pause command.

* Detection of a parity error in the received data during an input operation with bit
0 (Termination Mode) of the SCMD register set to 1 (when the parity checking is
enabled).

When the SPC serves as an INITIATOR, it starts the transfer operation as follows:

(1)  If the REQ signal is received before the Transfer command is issued, the SPC
compares the phase requested by the SCSI with that specified in the PCTL
register at receipt of this command. Then, if they march, the SPC starts the
transfer operation.

(2)  If the REQ signal has not been received when the Transfer command is
issued, the SPC will wait to execute this command. When the phase
specified in the PCTL register matches that requested by SCSI on receipt of
the REQ signal, the SPC will start the transfer operation. In the above phase
comparison, if a phase mismatch occurs, the Transfer command is nullified,
and the SPC generates a service required interrupt. On occurrence of this
interrupt, check the PSNS register for the phase requested by the SCSI bus,
and issue the Transfer command again or carry out manual transfer.

When the SPC serves as an INITIATOR, Transfer command execution terminates when
any of the following conditions is encountered:

¢ In other than the padding transfer mode, Transfer command execution terminates
when the transfer of data of the byte count specified in the transfer byte counter
is completed.

¢ When another information transfer phase is requested by the TARGET.

¢ In the padding transfer mode, Transfer command execution terminates when an-
other information transfer phase is requested by the TARGET.

¢ Transfer command execution terminates when disconnected interrupt occurs.
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Transfer Pause command

The Transfer Pause command prematurely halts a hardware transfer opera-
tion initiated by the Transfer command when the SPC serves as a TARGET. (Note that the
Transfer Pause command cannot be used when the SPC serves as an INITIATOR). On re-
ceipt of this command, the SPC performs the following;:

(1)  Stops sending another REQ signal to SCSI, in an input operation.

(2)  Stops sending a transfer request (DREQ) signal to the external buffer
memory, (ina DMA mode output operation).

Note: For an output operation in program transfer mode, a write to the data buffer
register is not allowed after this command has been issued.

Finally, the hardware transfer operation terminates when the internal data buffer register
in the SPC becomes empty.

Set ACK/REQ command

The Set ACK/REQ command is used to set ACK or REQ signals for SCSI during execu-
tion of manual transfer. When the SPC acts as an INITIATOR, this command causes the
ACK signal to be sent. When SPC acts as a TARGET, it causes the REQ signal to be sent.
In manual transfer mode,data is transferred via the TEMP register. In this case, the pat-
tern (type) of the information transfer phase to be executed must be presct in bits 2 to 0 of
the PCTL register. During execution of manual transfer, the transfer byte counter remains
unchanged. Figures 34 and 3-5 show the manual transfer procedures.

Reset ACK/REQ command

The Reset ACK/REQ command is used to reset the ACK or REQ signals to the SCSI bus.
When the SPC acts as an INITIATOR, this command resets the ACK signal. When the SPC
acts as a TARGET, it resets the REQ signal. Use this command for execution of manual
transfer. See Figure 34 and 3-5 for the manual transfer procedures. Also, reset the ACK
signal for the last byte in the MESSAGE IN phase of the hardware transfer mode. In the
MESSAGE IN phase, the end of the Transfer command is reported with the ACK signal
for the last byte being asserted. The MPU program checks the validity of the received
message first, then issues this command. In this case, the ATN signal, if necessary, may be
sent out using the Set ATN command prior to this command.
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Set PCTL

Set TEMP I Set ACK/REQ |

e/ N
No ACK _/—\_
ACK

i

Yos (SCSI TEMP)
Reset ACK/REQ
(PSNS)6
Yes
Reset ACK/REQ I Read TEMP I

SetACK/REQ

No
Yes

Figure 3-4. Manual Transfer Procedure (SPC serving as a TARGET)
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No

Set ACK/REQ

No
Read TEMP (SCSITEMP)

Reset ACK/REQ

Manual tran

onti nued$7fe

Yes

Yes
Read PSNS

V anual tral

e

Set PCTL

Figure 3-5. Manual Transfer Procedure (SPC serving as an INITIATOR)
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Command Termination Report
(1) Immediate commands

The following are immediate type commands which terminate operations
immediately after being issued. For these commands, the SPC does not report
termination.

e Set ATN

e Reset ATN

¢ Set ACK/REQ

¢ Reset ACK/REQ
(2) Interrupt commands

For the following commands, an interrupt occurs at the end of execution. The
interrupt cause is indicated in the INTS register.

¢ Select
e Transfer
(3) Non-interrupt commands

The following commands terminate with different timings depending on the SPC
operation being executed. Check the termination status according to the status
information in the SSTS register.

Termination status (SSTS register)

Bit7 6 5 4

INIT TARG SPC Busy Xfer in Prg.
Transfer Pause 0 1 0 0
Bus Release ! 0 0 0 0

Note: If a selected/reselected interrupt condition is detected immediately after termination of
the Bus Release command, an interrupt occurs and either the INIT or TARG bit is set.
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Command Issuance Timing

Issuance of a command requires a write to the SCMD register. The SPC synchronizes a
write to the SCMD register with a clock supplied from the CLK pin, and then starts exe-
cuting the command specified at bits 7 to 5. Figure 3-6 shows the command execution
timing. When issuing commands successively, leave an interval between them for more
than the sync-loss period (four clock cycles) in the SPC.

s\ /
A3—AO :)( 0010° X |

D7 - DO, DP D—
S
- \/ \/ _<\_/ \/ 7/

(Command received) < Start of command execution

Figure 3-6. Command Execution Timing
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TMOD

Address
#3
TMOD Register (MB87030/31/33 only)

TRANSFER MODE REGISTER
oP 7 6 5 4 3 2 1 0 P
R Sync. MAX. Transfer Offset MIN. Transfer ‘0’ ‘0’ P
/ Xfer Period
w 4 | 2 | 1 2 1

Register Functions

Bit7: Synchronous Transfer

1 - Indicates that the DATA IN/OUT phase is executed in synchronous
transfer mode. The COMMAND, STATUS, and MESSAGE IN/OUT
phases are executed in asynchronous transfer mode regardless of this bit
value.

41



Operational Description Fast Track to SCS/

0 - Indicates that the DATA IN/OUT phase is executed in asynchronous
transfer mode.
Bit 6to 4. Maximum Transfer Offset

Bits 6 to 4 indicate a maximum value of the REQ/ ACK offset to be used in synchronous
transfer mode.

Bit6 Bit 7 Bit 4 Maximum offset value

0 0 0 8

0-1 0-1 1-1 1-7

When the SPC serves as a TARGET, it sends the REQ signal in advance within the speci-
fied maximum offset value. When the SPC serves as an INITIATOR, it can receive the
REQ signal and input data within the specified maximum offset value. If the maximum
offset value is exceeded in reception of the REQ signal, an error condition is detected at
bit 0 (Transfer Offset Error) of the SERR register.

Bit 3and 2: Transfer Period

Bits 3 and 2 indicate a parameter for determining the minimum repeat cycle of the REQ -
and ACK signals in synchronous transfer mode. Specify a period between the trailing
edge of the REQ (ACK) signal and the leading edge of the next REQ (ACK) signal in mul-
tiples of a clock signal cycle (TcLp) supplied at the CLK pin of the SPC. Figure 3-7 shows
an example of a transfer period setting. In synchronous transfer mode, the REQ (ACK)
signal pulse width (Typical) equals a cycle of the clock signal (Tcrp) supplied to the CLK
pin.

Transfer Mode Setting Timing

The TMOD register value determines the way the DATA IN/OUT phase is executed.
When SPC serves as a TARGET, specify the DATA IN/OUT phase (C/D, MSG = 00) in
the PCTL register. And, before issuing the Transfer command, be sure to complete the
TMOD register setting. When the SPC acts as an INITIATOR, be sure to specify a correct
value before the target initiates the DATA IN/OUT phase. A TARGET’s phase changing
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time and the period from it, until transmission of the first REQ signal, are unpredictable;
therefore, set the transfer mode with the following timing:

(1) After completion of SELECTION phase
(a)  Before issuing the Transfer command for execution of the COMMAND
phase

(b)  Before resetting the ACK signal for the last byte in the MESSAGE IN phase
(before issuing the Reset ACK command) if a SYNCHRONOUS DATA
TRANSFER REQUEST message is transmitted at the end of the command
phase.

(2) After reselected interrupt

Before issuing the Reset ACK command in the MESSAGE IN phase (IDENTIFY
MESSAGE).

TCLF nx TcLF

REQ (ACK)

Figure 3-7. Transfer Period Setting
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INTS

Address
#4

INTS Register — Interrupt Status Register

OP 7 6 5 4 3 2 1 0
R | Sele- | Resele- Dis- Command | Service | Time SPC Reset
cted cted | Connected | Complete | Required | Out | Hardware | Condi~
Error tion
w Reset Interrupt —
Register Functions

The INTS register is used to indicate the cause of an interrupt and reset it. An interrupt
issued by the SPC (INTR pin) can be masked by bit 0 (INT Enable) of the SCTL register
(except an interrupt whose cause is indicated at bit 0 [RESET condition]). To clear an in-
terrupt, set 1 at the corresponding bit position in this register. Note that only the interrupt
condition specified by 1 is reset. The bit positions having 0s remain unchanged (corre-
sponding interrupt conditions are maintained). In this register, two or more interrupts
may be reset at the same time.
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Interrupt Processing

@

)

46

Selected interrupt (Bit 7)

Bit 7 indicates that the SELECTION phase in SCSI has resulted in the SPC being
selected from another bus device (INITIATOR). When the SELECTION phase is
detected, the SPC checks the contents of the SCSI data bus. If the following
conditions are satisfied, the SPC executes a Tesponse sequence on SCSI, then
generates a selected interrupt.

a) The ID specified in the BDID register is selected.

b)  Not more than two bits are set on the SCSI data bus (excluding the parity
bit).

) When parity checking is enabled, the parity bit value is correct.

In the SELECTION phase, the TEMP register holds the value of SCSI data
bus. The SPC serves as a TARGET fromthe occurance of this interrupt until
the Bus Release command is issued or the RESET condition is detected in
SCSI. During this period the SPC asserts the BSY signal to SCSI. Before
issuing the Bus Release command, be sure to reset the cause of this interrupt.

Reselected interrupt (Bit 6)

Bit 6 indicates that the RESELECTION phase in SCSI has resulted in the SPC being
reselected from another bus device (TARGET). When the RESELECTION phase is
detected, the SPC checks the contents of the SCSI data bus. If the following
conditions are satisfied, the SPC executes a response sequence on SCSI, then
generates a reselected interrupt.

a)  The ID specified in the BDID register is selected.

b)  Not more than two bits are set on the SCSI data bus (excludmg the parity
bit).

) When parity checking is enabled, a parity bit value is correct.

In the RESELECTION phase, the TEMP register holds the value of the SCSI
data bus. The SPC serves as an INITIATOR from when this interrupt occurs
until when the disconnected interrupt occurs or the RESET condition is
detected in SCSI. Before starting the transfer operation in SCSI, be sure to
reset the cause of this interrupt. If the disconnected interrupt is indicated
together with the reselected interrupt, reset both of these interrupts
simultaneously.
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(3) Disconnected interrupt (Bit 5)

Bit 5 indicates that the BUS FREE phase has been detected in SCSI when bit 7 (Bus
Free Interrupt Enable) of the PCTL register is set to 1. Also, when the SPC serves as
an INITIATOR, bit 5 indicates transition to the BUS FREE phase in SCSI. After this
interrupt condition has occurred, the next SELECTION /RESELECTION phase
may be executed in SCSI. However, the SPC does not respond to SCSI until this
interrupt condition is reset. If the disconnected interrupt condition is detected
during hardware transfer (Transfer command) execution with the SPC serving as
an INITIATOR, the SCSI operation stops, but the SPC internal transfer sequence
continues until one of the following events is encountered:

¢ The internal data buffer register becomes empty in an input operation.

¢ The data prefetch sequence to the internal data buffer register is completed in an
output operation.

When a disconnected interrupt occurs, check the SSTS register to confirm if the
transfer operation has been completed.

(4) Command complete interrupt (Bit 4)

Bit 4 indicates that the Select command/ Transfer command operation has been
completed.

¢ Completion of Select command

This interrupt indicates that the SPC has acknowledged a response (BSY signal)
from the selected bus device in SELECTION /RESELECTION phase execution. It
indicates that the SELECTION /RESELECTION phase has completed in SCSI.
The SPC serves as an INITIATOR after the SELECTION phase has been executed,
and it serves as a TARGET after the RESELECTION phase has been executed.

e Completion of Transfer command (when the SPC serves as a TARGET)

This interrupt indicates that the number of bytes transferred equals the byte
count specified in the transfer byte counter. Or, in an input operation with bit 0
(Termination Mode) of the SCMD register set to 1, this interrupt indicates trans-
fer stop due to parity error being detected in the data received from SCSI. In
either case, this interrupt occurs after checking that the ACK signal for the REQ
signal of the last byte is inactive on SCSI during asynchronous mode transfer.
This interrupt also occurs after checking that the number of ACK signals received
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matches the number of REQ signals transmitted during synchronous mode
transfer.

¢ Combpletion of Transfer command (when the SPC serves as an INITIATOR)

When padded transfer mode is not specified, this interrupt indicates the byte
count specified in the transfer byte counter has been completed. When padding
mode transfer is performed, this interrupt indicates that the current transfer op-
eration has been terminated due to another transfer phase requested in SCSI. In
this case, the service required interrupt occurs at the same time. In the MESSAGE
IN phase, this interrupt occurs while the ACK signal to the last byte is held active.
Before resetting this interrupt, be sure to issue the Reset ACK/REQ command.

(5) Service required interrupt (Bit 3)

This interrupt indicates a request for MPU program intervention and only occurs if
the SPC serving as an INITIATOR is put in either of the following conditions:

e SPC has received the Transfer command, but cannot start the transfer operation
because the transfer phase specified by bits 2 to 0 of the PCTL register does not
match that requested in SCSI.

¢ The SPC has stopped the current hardware transfer operation (Transfer com-
mand) because of a request for another transfer phase in SCSI. In this case, the
transfer operation in SCSI stops immediately, but the SPC internal transfer se-
quence continues until one of the following events is encountered:

— Input operation
The internal data buffer register becomes empty.

— Output operation
The data prefetch sequence to the internal data buffer register is completed.



Fast Track to SCSI/ Operational Description

Therefore, when this interrupt occurs, read out the SSTS register and check if the SPC in-
ternal transfer operation is completed. If the service required interrupt occurs during an
output operation, the data prefetched in the SPC internal data buffer register may remain
(not sent to SCSI). To determine how to handle the remaining data (up to eight bytes), see
the interrupt processing procedure described below. When the service required interrupt
occurs, the MPU program examines a transfer phase request from SCSI and proceeds to
execute the transfer operation using one of the following procedures: (Figures 3-8 and
3-9 show examples of interrupt processing procedure.)

e Hardware transfer

The MPU program specifies the transfer phase pattern requested by SCSI as bit 2
to 0 of the PCTL register, and reissues the Transfer command.

e Manual transfer

If this interrupt occurs during an output operation, the remaining data in the SPC
internal data buffer register may have to be preserved. In this case, with bit 3 (In-
tercept Transfer) of the SCMD register set to 1, perform manual transfer and in-
terrupt resetting. When the interrupted original transfer phase (output) is re-
quested again after manual transfer by the above processing procedure, the sus-
pended transfer operation can be restarted using the remaining data held in the
data buffer register.
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| INOUTPUT OPERATION |

REQ—» ; ( Service required )
ACKe— interrupt
REQ—> X
(Phase transmition)

Yes SSTS=1001xxxx

DREG to be
preserved?

ardware
transfer for new
phase,

‘Interoépt Xfer’
Manual transfer Output Yes
‘or new phase?
N Bytes
: Reset interrupt No
Reset interrupt without specifying *
‘Intercept Xfer’ rEe:et inte;u;)-t
| by specifying I
1 Intercept Xter'
Manual transfer
N bytes
Transfer command
- N Bytes
"2
J_ Reset interrupt
ithout specifying|
‘Intercept Xfer’
Transfer [Transfer comman
started?
®
SSTS=1011xxxx
REQ @
ACK e-—>
‘1. An interrput need not aways be reset. The interrupt is reset automatically when the Transfer d starts hards
*1.°2.  If the interrupt is rest, the data prefetched in the i | data butfer register before a change of phase is d d is lost.

Figure 3-8. Service Required Interrupt Processing Procedure (Output)
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Operational Description

| ININPUT OPERATION |

REQ =
ACK @—

REQ —’K/L{

Service required
interrupt

Hardware
transfer ended?

SSTS=1001xxxx

Hardware

Yes
transfer for new
?

Output Yes

for new phase

Reset interrupt

*1

wilhout specifying " Resetinterrupt | " Reset interrupt

Intercept Xfer o | . by
I by specifying I I without specifying I
‘Intercept Xfer' L ‘Intercept Xfer' 3

Manual transfer
Transfer command Transfer command
N Bytes
N Bytes N Bytes

1

hardware transfer.

‘1. An interrupt need not always be reset. The interrupt (service required) is reset automatically when the Transter command starts

Figure 3-9. Service Required Interrupt Processing Procedure (Input)

¢ Time-out interrupt (Bit 2)

This interrupt indicates that the selected bus device has not responded within the
predetermined supervisory time after the SPC initiates the
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SELECTION/RESELECTION phase. (See 3-2 Select command for details of the
supervisory time setting procedure and the interrupt processing procedure.)

(7)  SPC hardware error interrupt (Bit 1)

This interrupt indicates that the SPC has detected one of the following error indi-
cations in the SERR register:

e TC parity error

¢ Phase error

¢ Short transfer period
¢ Transfer offset error

See the SERR register for details of these errors. When this interrupt occurs, the
SPC does not stop the operation being executed (for any error cause). Since the
normal operational sequence and end report cannot always be guaranteed in this
case, the MPU program must be used for SPC control and bus phase control of
SCSL

Figures 3-10 to 3-12 show examples of error control processing.
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l IN EXECUTION OF ARBITRATION/SELECTION/RELELECTION PHASE |

SPC

(Example 1) Hardware Error

(Example 2)

SPC
Hardware Error
Command
Comp.

No
Reset Cond. Bus Free
X'10'—>SCMD 1= | MSG In ATN Cond.
(Fosat i) | [identiy X'60'SCMD
. PARRS
— -7 MPU N No
‘\\ﬁme-out?//’—
Status (ABORT message) N7
‘Check’ Yes
Forced
- termination
‘1'—
SCTL.BIt7
(Reset & Dis.)
(Bus Free)

Normal SPC time-out supervision cannot always be guaranteed. Be sure to perform time supervision using the MPU program.

Figure 3-10. Example Of Control Processing For SPC-Detected Error (1)
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[INEXECUTION OF MANUAL TRANSFER ]

SP.

TARGET

Yes

ATN Cond.
X'60'—>SCMD
a Oﬂ
on Reset REQ
On
REQ O
= ACK
Oft
Off
[ Reset ACK
ATN On
Megsage
Off
MSGout\ Yes out

Status ABORT

received message
Bus Free l I Yes
' ' Status '
Yes ' ' “Check” I Bus Release |
Error recovery .
processing

1

Figure 3—11. Example Of Control Processing For SPC-Detected Error (2)
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Operational Description

| IN EXECUTION OF HARDWARE TRANSFER |
SP

TARGET

Yes

SetATN

*1

Control Reset

sciLBite

1 1

Bus Free Status ABORT
v received message
es T r
y J
Control Reset
T
SCTL.Bit6
Error recovery
processing

ATN

*1
Status
“Check”

Execute by manual transfer.

On

e

Yes

I Bus Release |

Figure 3-12. Example Of Control Processing For SPC-Detected Error (3)
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(8) Reset condition interrupt (Bit 0)

This interrupt indicates that the RESET condition has been detected in SCSI. Note
that this interrupt cannot be masked. The reset condition persists for an
unpredictable period of time. After making sure that bit 3 (Reset In) of the SSTS
register becomes 0, the MPU must reset this interrupt condition. The reset
condition interrupt may occur regardless of whether the SPC is connected with
SCSI or not. When the SPC is connected with SCSI, occurrence of this interrupt
causes the SPC to immediately deactivate a signal being sent to SCSI. Then the SPC
proceeds to the BUS FREE phase. When the SPC is executinga command,
occurrence of this interrupt causes the SPC to terminate its operation and reset its
internal state. However, the following internal registers hold the control
information unchanged:

BDID register
e SCMD register

PCTL register

SCTL register
TMOD register

¢ Transfer byte counter

Until this interrupt is reset, the SPC internal reset state is maintained even if the
RESET condition is released in SCSI. Therefore, the SPC does not respond even
when a new bus phase (e.g., SELECTION) is executed in SCSI.
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PSNS/SDGC

Address
#5

PSNS Register — Phase Sense Register

OP 7 6 5 4 3 2 1 0 P

R REQ ACK ATN SEL BSY MSG CPD /{e] P
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When bit 5 (Diagnostic Mode) of the SCTL register is set to 0, the PSNS register indicates
the control signal status on SCSI (input signals to the SPC).

Bit Signal SPC input pins
7 REQ REQI

6 ACK ACKI

5 ATN ATNI

4 SEL SELI

3 BSY BSYI

2 MSG MSGI

1 C/D C/DI

0 /O 1101

A read from this register is allowed at any time regardless of the SPC condition. Bit 5
(ATN) of this register indicates the ATN signal status on SCSI. When the SPC serves as a
TARGET, receipt of the ATN signal is indicated in this register but does not have any ef-
fect on other operations. The MPU program examines the ATN signal status at the follow-
ing times in sequence and responds to the ATTENTION condition from SCSI:

(1) When a selected interrupt occurs

(2) When the RESELECTION phase has been completed
(3) When the Transfer command has been completed

(4) During execution of the Transfer command

When the ATN signal is detected, the Transfer Pause command can halt the
transfer operation for transition to the MESSAGE OUT phase.

(5) During execution of manual transfer

When bit 5 (Diagnostic Mode) of the SCTL register is set to 1, the PSNS register indicates
the status of control signals sent from the SPC to SCSI. In the pseudo SCSI operation us-
ing the SDGC register, the PSNS register can be used to check the SCSI control signa
status.



Fast Track to SCS/ Operational Description

PSNS/SDGC

Address
#5

SDGC Register —'SCSI Diagnostic Control Register

OP 7 6 5 4 3 2 1 0 P
w Diag Diag *xfer _ Diag Diag Diag Diag _
REQ ACK enable BSY MSG C/D o

Note: *This bit is valid only for the MB89351/352 parts.

The SDGC register is used to operate the SPC in the diagnostic mode (with bit 5 Diagnos-
tic Mode of the SCTL register set to 1). To simulate the SCSI operation, the SDGC register
bits are used as having alternative SCSI control signal lines. In diagnostic mode, the
SDGC register is used to check SPC internal operation. The Diagnostic Mode stops signal-
ing to the physical SCSI bus and nullifies input signals from the SCSI bus except the data
bus signals. The SPC internal operation can be performed in the ordinary manner. To
check SPC internal operation, the MPU can manipulate the SDGC register bits to generate
input signals to and from SCSL
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The following bus phases can be simulated:
e BUS FREE
e ARBITRATION (Always win)
e SELECTION (For INITIATE operation)
e RESELECTION (For TARGET operation)

¢ Information transfer (Input data manipulation not allowed in an input operation).
Bit 5 is used as an enable bit for issuing interrupt signal (INTR) when the SPC
FIFO needs servicing.

Bit 5 is set to enable a hardware interupt (INTR) when the SPC FIFO needs to be serviced.
During an SCSI input operation, an interrupt will occur when the SPC has data to be read.
During an SCSI ouput operation, an interrupt will occur when the SPC needs a byte to be
written into the FIFO. Bit 5 can be SET/RESET during NORMAL and DIAGNOSTIC
mode of SPC operation. This bit is write only, it will be read back as ‘0’ regardless of its
setting.

INITIALIZATION

The SPC is in the reset state when the input to RST pin is low (hardware reset) or bit 7
(Reset and Disable) of the SCTL register is set to 1. SPC-SCSI operation is disabled until
the SPC reset state is released. The MPU program shall release the reset state after initial-
izing the SPC internal registers. The following SPC internal registers remain unchanged
even in the SPC reset state:

¢ BDID register

e TMOD register

¢ Transfer byte counter
e SCMD register

PCTL register

e TEMP register (for sending)

At the moment power is turned on, the contents of these internal registers are unpredict-
able even though hardware reset ( RST input = low) is executed. After RST input is re-
leased, the MPU program shall initialize the SPC as shown in Figure 3-13 .
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C Power Up )

RST input

=~

r (SPC state after RST onput is released)

STTL = 80

‘Bus Device ID* SCMD = XX

— BDID TMOD = XX

PCTL = XX

PSNS = XX

DREG = XX

(Initialization of TCH = XX

internal regsi%t?‘z)o TCM = XX

X00> Thop TS - 00
PCTL

TCH SSTS = 0X

TCM SERR = 00

TEWP vee - ox

= 0

SDRG SDGC = XX

(SCSI operation
mode setting)
*100XXXXX'

— SCTL

(Release reset
state)

‘0 —> —SCTLBIt7

C END )

Figure 3-13. SPC Initialization (at power-up)
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SSTS

Address
#6

SSTS Register — SPC Status (Register)

OoP 7 6 5 4 3 2 1 0 P

CONNECTED  SPC | Xferin | SCSI | TC=0 | DREG Status |
INIT | TARG | Busy |Progress |Reset In FULL | EMPTY

Register Functions

The SSTS register indicates the SPC internal status, which can be read out at any time.

Bit 7and 6: Connected (INIT, TARG)
These bits indicate the connecting status between the SPC and SCSI.
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Bit 7: INIT | Bit 6: TARG State
0 0 Not connected with SCSI
1 0 SPC serves as an INITIATOR:
¢ During execution of the SELECTION phase and after its
completion.
o After a reselected interrupt
0 1 SPC serves as a TARGET:
¢ During execution of the RESELECTION phase and at its
completion.
o After a selected interrupt
1 1 Undefined

Bit 5: SPC Busy

Bit 5 indicates that a command is being executed or is waiting to be executed.

Bit 4: Transfer in Progress

Bit 4 indicates that a hardware transfer operation is being executed or the SCSI is request-
ing an information transfer phase.

Bit 3: SCSI Reset In
Bit 3 indicates that the SCSI RST signal is active.

Bit 2: TC = 0 (Transfer Counter Zero)
Bit 2 indicates that the transfer byte counter (TCH, TCM, TCL) has reached 0.

Bits 1 and 0: DREG Status (Full, Empty)

These bits indicate the status of the internal data buffer register. When executing a hard-
ware transfer operation in program transfer mode, determine the data buffer register ac-
cess timing by using these bit values.
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Operational Description

Bit1: FULL | Bit 0: EMPTY Data buffer register status
0 0 Holds 1 to 7 bytes of data
0 1 Empty
1 0 Holds 8 bytes of data, leaving no free space
1 1 Undefined
SPC Status

SPC status is represented by combinations of status bits 7 to 4 of this register. Table 3—4
lists the combination of these bits and SPC status.

Table 3—4. SPC Operating Status Indications

SSTS register
Bit 7:|Bit 6: | Bit 5: | Bit 4:
INIT | TARG | SPC " | Xfer in SPC operating status
Busy | Progress

0 0 0 0 SPCis notconnected with SCSI. SPC does not hold acommand
waiting to be executed.
SPC is not connected with SCSI. But SPC holds the Select com-

0 0 1 0 mand, which is waiting for BUS FREE phase. Or it is executing
ARBITRATION phase.

0 1 0 0 SPC serves as a TARGET. No operation is being executed in
SCSI. Manual transfer is not being executed.

0 1 1 0 SPC is executing RESELECTION phase on SCSI.

0 1 1 1 SPC serves as a TARGET. Hardware transfer operation
(Transfer command) is being executed.

1 0 0 0 SPC serves as an INITIATOR. No operation is being executed in
SCSI. Manual transfer is not being executed.
SPC serves as an INITIATOR. Although SPC has received a

1 0 0 1 REQ signal from SCSI, it is not ready to start transfer operation
because no Transfer command has been issued or transfer
phase does not match.

1 0 1 0 SPC is executing the SELECTION phase on SCSI.

1 0 1 1 SPC serves as an INITIATOR. Hardware transfer operation
(Transfer command) is being executed.
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Operational Description

SERR

SERR Register — SPC Error Status Register

Address

#7

OoP 7 6 5 4 3 2 1 0
R Data Error o o' TC Phase | Short | Xfer
xfer Parity | Error Xfer Offset
Scsi SPC out™* Error Period | Error

Note: * MB87030/31/33

**MB89351/52

Note: **MB89351/352
This bit can only be reset (including the INTR signal) by satisfying the data request

by writing or reading to the SPC FIFO (DREG).

67



Operational Description Fast Track to SCS/

Register Functions

The SERR register provides details of an error detected in the SPC. An SPC hardware er-
ror interrupt occurs if an error is indicated at any of bits 3 to 0.

Bits 7 and 6: DataError

These bits indicate that a parity error has been detected in the transferred data during
transfer phase execution in SCSI. Table 3-5 lists the data error indication bit patterns and
the relevant SPC operations. When changing the transfer phase in SCSI, these error indi-
cation bits must be reset.

Table 3-5. Data Error Indication Bit Patterns In Transfer Phase
Bit7z7 | Bité

Data Error SPC operations
Sscsl SPC
0 1 No parity error was detected in the transferred data.
0 1 During execution of an output operation in hardware transfer mode, a

parity error was detected in the data to be sent to SCSI. The parity is
checked regardless of the value of bit 3 (Parity Enable) of the SCTL reg-
ister. The erroneous data (parity bit value) is corrected and then sent to
SCSl.

1 1 A parity error was detected in the data received from SCSI during an
input operation. The parity is checked only when bit 3 (Parity Enable) of
the SCTL register is set to 1. After an error is detected, the parity bit is
corrected. If the SPC serving as an INITIATOR detects this error during
hardware transfer execution, it generates an ATN signal to SCSI. (See
Figure 3—2) In this case, the MPU program must reset this error condi-
tion before the ATN signal is reset. If the SPC serving as a TARGET de-
tects this error during hardware transfer execution, it follows the specifi-
cation at bit 0 (Termination Mode) of the SCMD register See SCMD reg-
ister for details.

1 0 Undefined

Bit 5: Xfer Out

When bit 5 of SDGC is one (1) in program transfer mode, interrupt signal, INTR, is output
for a data request. This bit is a flag indicating the data request.
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In the MPU, this bit is referenced in the interrupt routine to perform data transfer accord-
ing to the data requests.

Bit 3: TC Parity Error

Bit 3 indicates that a parity error occurred while the transfer byte counter (TCH, TCM,
TCL) was being decremented.

Bit 2: Phase Error

When the SPC serves as an INITIATOR, the transfer phase has been changed in SCSI dur-
ing hardware transfer mode operation (service required interrupt occurs). In this case, bit
2 indicates that:

¢ The new phase is a synchronous transfer mode DATA IN phase.

¢ The REQ signal has been received two or more times before the MPU program com-
pleted interrupt processing and issued the Transfer command for the new phase. In
this case, the SPC cannot receive data and return the ACK signal normally.

Bit 1: Short Transfer Period

Bit 1 indicates that the REQ/ACK signal (input signal to REQI/ACKI pin) has a cycle ex-
ceeding the specified input range see Figure 3-14). If this error occurs, the transfer se-
quence executed by the SPC is not guaranteed.

Min
fe— Tcir

REQ or ACK signal

(REQI or ACKI pin)
MIN

e TcF X3 >

Teir: A cycle of the clock signal supplied to SPC.
Figure 3-14. Specified Input Cycle Of REQ/ACK Signal
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Bit 0: Transfer Offset Error

Bit 0 indicates that one of the following errors has been detected during synchronous
transfer mode. (The offset value referred to below denotes the REQ/ACK maximum off-
set value specified in the TMOD register).

When SPC serves as a TARGET:

The number of ACK signals received exceeds that of REQ signals transmitted.

The number of REQ signals transmitted exceeds the offset value (SPC malfunction).
When SPC serves as an INITIATOR

The number of REQ signals received exceeds the offset value.

The number of ACK signals transmitted exceeds that of REQ signals received (SPC
malfunction). If this error occurs, the transfer sequence executed by the SPC is not
guarantee.

Error Reset

To reset an error indication in the SERR register, do one of the following;:

Generate SCSI RESET condition (X10 — SCMD)
Reset and disable (Bit 7 of SCTL register)
Control reset (Bit 6 of SCTL register)

¢ Interrupt (SPC hardware error) reset ( X02 — INTS)
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PCTL

Address
#8

PCTL Register — Phase Control Register

OP 7 6 5 4 3 2 1 0 P
R Bus Free} ‘0’ MSG CmD /1O P
/ Interrupt Out Out Out
w Enable

Bit 7: Bus Free Interrupt Enable

With bit 7 set to 1, detection of the BUS FREE phase on the SCSI causes a disconnected
interrupt to occur. To prevent an undesired interrupt from occurring, be sure to set bit 7 to
0 in the following cases:

¢ When issuing the Select command

¢ When resetting a ‘disconnected’ interrupt
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Bit 2: MSG Out
Bit 1: C/D Out

Bit 0: 1/0 Out

When the SPC serves as a TARGET, specify the information transfer phase to be executed
in SCSI. These bit values are sent to SCSI as MSG, C/D and 1/0 signals.

When the SPC acts as an INITIATOR, specify the pattern indicating the transfer phase to
be executed. Before executing the transfer operation, the specified transfer phase pattern
is compared with a bus phase actually requested by the TARGET. If they match, the trans-
fer operation is initiated. Table 3-6 shows how to set a transfer command.

Also, use bit 0 (I/0 OUT) to specify SELECT or RESELECT operation when the select
command is issued to the SPC. See SELECT command for details.

Table 3-6. Transfer Phase Setting

MSG out] /D Out| Y0 ouy| ST transter phase
0 0 0 Data Out
0 0 1 Data In
0 1 0 Command
0 1 1 Status
1 0 0 Unused
1 0 1 Unused
1 1 0 Message Out
1 1 1 Message In
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MBC

Address
#9

MBC Register — Modified Byte Control Register

OP 7 6 5 4 3 2 1 0 P

Bit 3 2 1 0 P

The MBC register controls the data count during transfer between the SPC internal data
buffer register and the MPU (Program Transfer mode) or external buffer memory (DMA
mode). When data are written into the TCL register, its four low-order bits are set as an
initial value for the MBC register. In an output operation, data are prefetched into the SPC
internal data buffer register. Each time one byte is prefetched, the MBC register is de-
creased by one. '
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Data prefetch stops when the transfer byte counter is decreased below 15 and the MBC
register reaches 0. In an input operation, data received from SCSI is stored in the internal
data buffer register. Each time data is sent to the MPU or external buffer memory, the
MBC register is decreased. The difference between the transfer byte counter and the MBC
register corresponds to the byte count of data remaining in the internal data buffer regis-
ter.

While the SPC is executing a DMA mode transfer operation, this register must not be
read.
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DREG

Address
#0A

DREG Data Buffer Register

OP 7 6 5 4 3 2 1 0 P
R/ Internal Data Register (8 Bytes FIFO)
w Bit 7 6 5 4 3 2 1 0 P

The SPCs internal data buffer register consists of eight bytes and operates on the FIFO
principle. When executing the Transfer command in Program Transfer Mode, MPU trans-
fers data using this register. Figure 3-15 shows the DREG access procedure to be taken in
Program Transfer Mode. Therefore, never repeat accessing more than the number of
times required.
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T

Issue Transfer command
(in program transfer mode)

ol

Transfer started?

Yes
SSTS=(7X)16 or (BX)16
No

Input operation?

Yes
Yes DREG FULL
No (SSTS)o No (SSTS)
| ReadDREG | | setbreg
No
Last Byte Last Byte No
Yes
Transfer ended?

Yes
SSTS=(45)16 or (85)16
or
(INTS="1"

Figure 3—15. DREG Access Procedure In Program Transfer Mode
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TEMP

Address
#0OB
TEMP REGISTER - Temporary Register
opP 7 6 5 4 3 2 1 0 P
R Temporary Data (Input: From SCSI)
Btz | 6 | s | a4 | 3 | 2 | 1 1 o P
Temporary Data (Output: To SCSI)
w Btz | 6 | s | 4 | 3 | 2 | 1 ] o P

The TEMP register is used for controlling the SCSI data bus except when hardware trans-
fer is executed. It consists of two bytes, each of which is dedicated exclusively to receiv-
ing/sending data.

¢ Data receiving element (read only)

a)  Whena SELECTION/RESELECTION phase is detected in SCSI, the contents
on the SCSI data bus are saved in the TEMP register. If a selected /reselected
interrupt occurs, a bus device can be identified by the TEMP register
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contents. Read this register before resetting the selection or reselection
interrupt status bit.

b)  For a manual transfer input operation, the contents on the SCSI data bus are
saved in the timing sequence shown in Figure 3-16.

(In SPC serving (In SPC serving
as a TARGET) as an INITIATOR)

DATA BUS —-—E—:/\ <_-oj_>_
N\ Y
REQ _/ \ / \_

ACK
SAMPLING PERIOD

—— ————
TEMP _ Ao

Figure 3-16. Data Bus Save In Manual Transfer Input Operation
(2) Data sending element (write only)

a) Before issuing the Select command, set the contents to be sent to the SCSI
data bus in the SELECTION/RESELECTION phase.

b)  For a manual transfer output operation, set the data to be sent out.
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TCH, TCM, TCL

Address
#OC, OD, OE

(TCH, TCM, TCL) - Transfer Byte Counter, High,
Middle, and Low

OP 7 6 5 4 3 2 1 0 P
TCH: Transfer Counter (MSB)
/
R/W lgias | 22 | 21 | 20 | 10 | 18 | 17 | 16 P
TCM: Transfer Counter (2nd Byte)
RW lgis | 14 | 13 | 12 | 1 | 10 ] o | 8 P
TCL: Transfer Counter (LSB)
R/
Wieiz | 6 | 5 | 4 | 3 | 2 | 1 ] o | p

The transfer byte counter consists of three bytes and functions as a down counter. In exe-
cution of a hardware transfer operation, it is decreased by one each time one byte of data
is transferred over SCSI. It indicates the remaining byte count of data to be transferred. In
the Select command execution, this counter operates as a response waiting time supervi-
sory timer and sequence control counter. See Select command and Transfer command for
transfer byte counter initialization. While the transfer byte counter is operating, do not
carry out a read/ write.

Note: Do not read/write these registers while a transfer operation is occuring. If
necessary, use the “TC = 0” bit in the SSTS register to determine when the transfer
count has reached zero.
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Operational Description

EXBF

Address
#OF

EXBF — External Buffer Register MB87030, 31, 33 only

oP 7 4 3 0 P
R/ External Buffer P
w Bit 7 4 3 0

This register’s address is reserved for access from the MPU data bus (D7 to DO, DP) to the
DMA data bus (HDB7 to HDBO, HDBP). It does not not exist as an internal register in
SPC but provides a pathway between buses. As shown in Figure 3-17, the MPU program
can execute a write/read to/from the external buffer memory by using this virtual regis-

ter.
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SPC
__!\ < '\ MPU
D7 -Do, DP
— Vv
A3 -A0
RD, RDG
WT, WTG [
Cs. y
y
Access
HIN contry
circuit
i
N /1 f\ Egt%mal
/ \' HDB7 -0, HDBP / meumg;y

Figure 3-17. Access From MPU to External Buffer Memory

Devices without a separate DM A data bus do not have this register (MB89351/2).

This register is normally used by the MPU to load /unload an external memory buffer
before/after (write to SCSI/read from SCSI) a DMA transfer.
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Figure 4-1 shows the external circuit blocks that can be connected with this LSI circuit.
The external circuit configuration depends on the application environment, intended pur-
pose, and required performance. Application examples for this circuit are given below.
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TIR
SDBI7-0, P > SPC
. =T MPU
Z (8085,
¢ SDBO7-0, P A3 38335
/l A2 ‘
¢ SDBE7 -0, P ]
AO
SELI TS
SELO ‘ RD, RDG
= i
BSYO
DV/RV
N D7-0,P >
REQI N
REQO INTR
ACKI
ACKO
MSGI
MSGO DREQ
C/DI DRESP DMA
c/DO HIN Control
10l
1100
ATNI
ATNO
M —me 0,P > Buffer
\l Memory
RSTI
ATNO
TARG
INIT
be—— Vpp
e— Vgg

Figure 4-1. Examples of External Circuit Connections
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Examples of External Circuit Connections

SCSI Driver/Receiver Circuits

Single-Ended Type

Table 4-1 lists the major components of this SCSI driver/receiver circuit. Figure 4-2
shows a example of a connection of the SPC and the SCSI single-ended type

driver/receiver circuits.

Table 4-1. Major Components of Single-Ended Type SCSI Driver/Recelver Circuit

(example)

Component Part No. | Manufacturer Characteristics Q'ty
REQ/ACK signal MB412 * Fujitsu 3-state buffer circuit) 1
driver 2 circuits/DIP 14
REQ/ACK signal MB413 * Fujitsu 4 circuits/DIP 16 1
receiver Resistor — 390W +2% 1/4 W 1

Resistor —_ 200W +2% 1/4 W 1
Capacitor — 0.1mF/50 V Ceramic 1
Other signal MB463 * Fujitsu (Open-collector buffer 4
driver circuit) 4 circuits/DIP 14
Other signal 74L.S240 Fujitsu (Schmitt trigger inverter) 2
receiver TI 8 circuits/DIP 20
Terminator — — +5 18
(Required only when (Signal) 220 W ele-
the driver/receiver ments
is located at
either end of SCSI) 330 W
Notes:

The MB412 is compatible with the SN7519.

The MB413 is compatible with the Am26LS32.

The MB463 is compatible with the SN7438.
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SDBI7 10 0, P ‘ scsl \

[ a—
LSs240

~ SDBO7100, P
SDBO7 73 TB? LTN
4 463
SDBOP !
463

-

-
LS240

r
i me

463

POW READY "1

Figure 4-2. Example of Single-Ended Type SCSI Driver/Receiver Circuit

86



Fast Track to SCS/

Examples of External Circuit Connections

SCsI \

MB413
S
Pa T P
e D- L
R13
ACK
' / :
R2g Ci=—=
s <
= "
) ;L ar
R1: 390W+2
LS240 % *
R2: 200W+2
%
C1: O0.1MF
— -
MB412
REQO REQO | LTN
ACKO H
MSGO
C/DO
o . :
TARG
INIT
ACKO |
MSGO
] 463
CYDO

POW READY °*1

463

*1;

Recommended to protect against noise generated at power on/off.

Figure 4-2. Example of Single-Ended Type SCSI Driver/Receiver Circuit (continued)
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Fast Track to SCSI

Differential Type

_Table 4-2 lists the major components of this SCSI driver/receiver. Figure 4-3 shows a ex-
ample of the connection of the SPC and the SCSI differential type driver/receiver circuit.

Table 4-2. Major Components of Differential Type SCSI Driver/Receiver Circuit

(example)

Component Part No. | Manufacturer Characteristics Q'ty
Driver/receiver SN75176 Ti (Differential transceiver 18
(Common to all 1DV +1RV/Dip 8
signals)

Terminator — — +5 18
(Required only when 3300 ele-
the driver/receiver (Positive signal) ment
is located at either
end of SCSI) L 150Q
(Negative signal)
330Q
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scsl 5
SDBO7-0, P
_— DB7(+)
D f‘> DR7(=)
g D
: - it
! RE
| .
: |
' |

DBP(+)

. [f} e
. - i ] .

SDBI7-0, P
SDBEP
o] | ik
SDBE7 -0, P

SEL(+) i

l"""‘ ‘H P‘? SEL(-)

. RST(+)

E}_ RST()

|
l S }
nr

LTN

Figure 4-3. Example of Differential Type SCS! Driver/Receiver Circuit
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| scsi \

SPC REQ(+)
REQ! =

ACKI

3

2
1
REQO | i ]
I ACKO
ACK(+)
[r> )
V//4
Msal |
I MSG(+)
Cc/DI " l[;> =)
MSGO ?/\I;—_'
I C/DO
C/D(+)
[r_ =
INIT i ] LTN

N .
TARG ar

Figure 4-3. Example of Differential Type SCSI Driver/Receiver Circuit (continued)
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External Data Buffer

To provide a buffer area for high-speed data transfer or a temporary storage for data to be
transferred, the external data buffer memory can be connected to the SPC as shown in
Figure 4-1. In this case, a buffer control circuit is required to control the timing of data
transfer between the SPC and external buffer memory. To execute the transfer phase on
SCS], specify DMA Transfer Mode for the SPC. The SPC accesses the external buffer
memory with the timing sequences shown in Figures 44 and 4-5. Data is transferred via
the DMA data bus lines HDB7 to HDBO, HDBP. The transfer direction must be specified
externally using the HIN signal. When requesting access to the external buffer memory,
the SPC makes the DREQ signal active. In an input operation, the DREQ signal is sent out
when the SPC internal data buffer register holds data received from SCSI. In an output
operation, the DREQ signal is sent out when data corresponding to the byte count speci-
fied in the transfer byte counter is not all prefetched, and when the internal data buffer
register has free byte locations available. The external buffer control circuit must return
the DRESP signal in response to the DREQ signal on completion of transferring each byte.
DRESP is a pulse signal whose trailing edge is used to indicate the end of transfer. The
DREQ signal is held active as long as the above conditions exist in the SPC (this signal is
not a transfer request signal for each byte). The access interface signals (DREQ, DRESP,
HIN, HDB? to HDBO, HDBP) to the external memory are asynchronous with an SPC
clock signal supplied to the CLK pin.
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DREQ ___/@ @ 0] 0
/\O_/\@ /\9
HIN __/®

Unpre- Unpre- Unpre-
HDB7t0 0, P _<gictableX DATA1 X DATA2 Xdictable DATA3 dictable

Notes:
(1) HIN signal puts the DMA data bus (HDB7 to O, P) in an output mode. However, the value on the
DMA data bus is unpredictable until data is loaded into the SPC internal data buffer register from
SCSl.

(2)  After receiving data from SCSI, the SPC issues the DREQ signal (transfer request) to the external
buffer memory. At this time, valid data is placed on the DMA data bus.

(3)  Data on the DMA data bus is held until the trailing edge of the DRESP signal.

(4)  After the DRESP signal is received, valid data is unloaded from the SPC internal data buffer register.
Then, the DREQ signal becomes inactive to stop transfer with the external buffer memory until the
next data becomes available.

Figure 4—4. Transfer with External Data Buffer (input operation)
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e /©® ® ® \O
DRESP /—\@ /—\@ /_\@ /—\@_
HIN ——\

0,

HDB7to O, P DATA1 DATA2 { DATA3) DATA4
° / \__/
Notes:

(1)  Aslong as the HIN signal is low, the DMA data bus (HDB7 to O, P) is in an input mode.

(2) A transfer request (DREQ) signal is issued when the SPC internal data buffer register has free byte
locations available for prefetching data.

(3)  The external buffer control circuit puts data onto the DMA data bus and also sends the DRESP signal
in response. On the trailing edge of the DRESP signal, the SPC loads data from the DMA bus into the
internal data buffer register.

(490 When no free location is available in the SPC internal data buffer register, the DREQ signal becomes
inactive. Then, transfer from the external buffer memory is stopped until the next data prefetch
becomes available.

Figure 4-5. Transfer to External Data Buffer (output operation)
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MB87030
MB87031
SCSI Protocol Controller (SPC)

GENERAL DESCRIPTION

The MB87030 and MB87031 SCSI Protocol Controller (SPC) are CMOS LSI circuits
specifically designed to control a Small Computer Systems Interface (SCSI). In terms of
features, functional operation, and electrical specifications, the two devices are identical.
However, the MB87030 is housed in an 88-pin ceramic pin grid array package, whereas, the
MB87031 is designed for surface mounting and is housed in a 100-pin plastic flat package.

To achieve optimum performance and interface flexibility, the SPC contains an 8-byte First In
First Out (FIFO) data buffer register and a 24-bit transfer byte counter. Independent data
busses for the CPU and the DMA controller plus separate input/output pins for all control
signals greatly enhances performance. Data transfers can be executed in either the
asynchronous or synchronous mode with a maximum offset of 8-bytes.

SCSI Compatibility

¢ Supports all of SCSI Specification
(ANSI X3.131/1986)

o Serves as either INITIATOR or TAR-
GET

« Both synchronous and asynchronous
operation :

* Software compatible with MB87033

Data Buses

¢ Independent busses for CPU and DMA
transfer

Transfer Modes

» Asynchronous data transfers with
programmable offset of up to 8 by-
tes

» Synchronous data transfers with pro-
grammable offset of up to 8 bytes

Data Transfer Speed

¢ Up to a maximum of 4 megabytes per-
second (sustained).

Operating Modes

DMA transfer

e Manual transfer

o Program transfer

o Diagnostic

Interface Connections

* Single-ended or differential options

e TTL compatible /O

Clock Requirements

e 8 MHz clock with 33% to 66% duty
cycle

Technology/Power Requirements

¢ Silicon-gate CMOS

¢ Single +5 V power supply

Available Packaging

* 88-pin ceramic repeated quad-in-line

» 100-pin plastic flat package

L[]
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Fast Track to SCSI
ABSOLUTE MAXIMUM RATINGS!
Values
Rating Symbol Min. Max. Unit

Supply Voltage Voo Vg2 ~ .05 7.0 Vv
Input Voltage Vv Vgs? - .05 Vpp + .05 v
Output Voltage? Vo Vgs?-.05 Vpp + .05 \Y
Storage Temperature (Ceramic) Tsta -65 +150 °c
Temperature Under Bias (Ceramic) Taias -40 +125 oG
Output Current® lcs —40 +70 mA
Notes: 1.

2. Vss =oV.

Permanent device damage may occur if the above absolute maximum ratings are
exceeded. Functional operation should be restricted to the conditions as detailed in the

operational sections of this data sheet. Expsosure to absolute maximum rating conditions for
extended periods may affect device reliability.

3. Not more than one output may be shorted at a time for a maximum duration of one second.

RECOMMENDED OPERATING CONDITIONS

Parameter Designator Values Unit
Min. Typ. Max.
Supply Voltage Voo 4.75 5.0 5.25 \
Input High Voltage Vi 2.2 \'
Input Low Voltage Vi 0.8 Vv
Operating Temperature Ta 0 70 °C




Fast Track to SCSI MB87030/31
MB87030/87031 BLOCK
DIAGRAM o=t
- 2
_A_L_J d =1 REQI
8;7;00' ¢ REQO
—_—
ib [TRANSFEH ACK!
A [ W] CONTROL Q
N r Sp
- N
TMOD I ToH
W] —_— N
—'A
TCL
ATNI
MSGI -1
%?J'o I $ RSTO
MG ,-:.; PHASE I
7o) ‘ [CONTROU ] oo
— s
RSTO L] PARITY (L ”
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|' ATOR | |L I
| =p{en i
| S
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SDBIO, >
SDBIP l
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| - 'r(t'stgp
1 » |
BDID >
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MB87030/31 Fast Track to SCSI
PIN ASSIGNMENTS
PGA-88C-A01

000000000000

34 33 32 31 30 29 28 27 26 25 24 23

000000000000

035072 71 70 69068067 66 65 64 063022

036073 8685 062021

037074 061020

O3 80750 o) O6 0O19

039076087 (TOP VIEW) 084 059018

640 o77 88 8305801 7

41_78 INDEX PIN 57016

©42%0 0/ o 9%C1s

gtsgsoo o O 8810820 (e]o) 855214

044045046 o47 048 ()49 050 o51 o52053 054013

1 2 3 4 5 6 7 8 9 10 11 12
:io't o Designator :';" VO | Designator :: Vo Designator :': Vo Designator]
1 ! HIM 23 [o] SDBOP 45 1 Al 67 (o] SDBES
2 [l{e] HDBOO 24 [o] SDBE?7 46 | A2 68 [o] SDBE4
3 [l{e] HDBO1 25 | SDBI7 47 I A3 69 | SDBM
4 [l[e] HDBO2 26 [o] SDBE6 48 Vo D4 70 o SDBO3
5 [lle] HDBO3 27 o SDBOS 49 o D5 71 I SDBI2
6 [lle] HDBO4 28 | SDBIS 50 o De 72 (o] SDBO1
7 [l{e] HDBOS 29 [e] SDBO4 51 Vo D7 73 (o] SDBEO
8 o HDBO6 30 o] SDBE3 52 o pP 74 I SDBIO
9 o HDBO7 31 1 SDBI3 53 (o] INTR 75 I RST
10 o HDBOP 32 (o] SDBO2 54 | Vot 76 (o] DREQ
1 (o] INIT 33 (o] SDBE2 55 | C/DI 77 | wT
12 (o] TARG 34 I sDBI 56 I SELI 78 | wiG
13 (o] e} 35 [o] SDBE1 57 | MSG1 79 Vo D2
14 (o] C/DO 36 [o] SDBOO 58 i REQI 80 Vo D3
15 (o] SELO 37 | TS 59 I RST! 81 Power Supply
16 (o] MSGO 38 | TIK 60 | ACKI 82 Power Supply
17 (o] REQO 39 | RD 61 ! BSY! 83 Power Supply
18 o] RSTO 40 | RGD 62 | ANTI 84 Power Supply
18 [¢] ACKO 41 | DRESP 63 1 SDBIP 85 Power Supply
20 (o] BSYO 42 o Do 64 [o] SDBO7 86 Power Supply
21 [o] ATNO 43 Vo D1 65 [o] SDBO6 87 Power Supply
22 (e] SDBEP 44 I A0 66 | SDBI6 88 Power Supply
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PIN ASSIGNMENTS (Continued)
FPT-100P-MO1
80 51
QD
— =
iiiiiigiiiiiiiiiiii!iiiiiiii!!
Pin No.(1) ©

Fin Jvo | Designator Pin 110 | Designator | Pin Vo Desigator | Pin vo | Designator
T 1 DRESP | 26 |0 | D2 51 ) TARG 7 ) SDBES
2 {o DREQ 2z |wo | b3 52 ) INIT ] o SDBOS
3 |- Voo 2 |- | v 53 - Voo 78 - Voo

s |- Ves 2 |— | Ve 54 — Vs 7 - Ves

5 |1 HIN 0 |w | ps 55 I ACKI 80 - NIC

s |w HDBO st |w | os 56 o ACKO 81 I SDBI4
7 |w HDB1 2 |w | s 57 - NIC ) o SDBE4
s |w HDB2 a |w | o7 58 - NIG 83 o SDBO4
9 | w HDB3 s |w | op 59 I BsvI 8 | SDBI3
10 | wo HDB4 s | A0 60 o 8SYO 85 o SDBE3
1 | w HDBS % |1 A1 81 I ATNI 8 ) SDBO3
12 | wo HDB6 a7 | A2 62 o ATNO 87 | sDBI2
13 | wo HDB? s | A3 63 i RSTI 88 o SDBE?2
14 | wo HDBP x | RST 64 o RSTO 8 ) SDBO2
15 | - Ves 0 |— | Ve 65 - Vas % — Vss

1 |1 TR a | REQ! 66 | SDBIP o1 ' SDBE1
17 | Ts 2 |o REQO 67 ) sDBEP | @ ) SDBE1
1B |1 wT a | vol 68 o speoP | s o SDBO1
19 | WG 4 Jo 100 69 | SDBI7 o | SDBIO
2 | RO s | I 70 o SDBE7 % o SDBEO
2t |1 RDG s |o cibo 7 o spBo? | % o SDBOO
2 |o INTR a | SELI 72 | SDBI6 o - NIC
2 |- NIC s |o SELO 7 o SDBES % - NG
24 | vo Do o |1 MSG1 74 o spBo6 | % - NIC
2 | w D1 0 fo MSGO 75 I SDBI5 100 — NIC
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PIN DESCRIPTIONS

PinNo

MB67030 | MB87031| Designator Function
Indicates direction of transmission along data bus lines HDBO-HDB7 and HDBP in the
DMA transfer mode. to be executed, Direction of transmission must be properly
1 5 HN coordinated with internal operation of the SPC.
When HIN is low, the data bus lines are placed in the high-impedence state (input
mode). When HIN is high, all bus lines are switched to the output mode.
3-state bidirectional data bus for transferring data to or from the external buffer memory
in the DMA mode. As shown below, the direction of data transmission dlepends on the
HIN input signal.
29 613 | HDBO-HDB? et signa
10 13 HDBP HIN HDBn Operation
L Input Mode Output
H Output Mode Input
These two signals indicate operating state of SPC; they are also available as control
signals for the SCSI driverfreceiver circuits.
11 51 INIT Initiator | Target Status
12 51 TARG L L | SPCis not connected to SCSL.
L H SPC is executing reselection phase or is operating as a target.
H L SPC is executing selection phase or is operating as an initiator.
13 44 voo Used to output SCSI control signals. REQO, MSGO, C/DO, and I/00 are active high only
14 46 coo when the SPC serves as a target. ACKO and ATNO are active high only when the SPC
15 48 SELO services as an initiator.
16 50 MSGO
17 42 REQO
18 64 RSTO
19 56 ACKO
20 60 BSY0
21 62 ATNO
22 67 SDBEP Drive enable signals (corresponding fo respective bit positions) when a 3-state buffer is
24 70 SDBE7 used for the SCS| data bus. SDBE-7SDBEO and SDBEP correspond to
26 73 SDBES SDBO7-SDB0O0 and SDBOP, respectively. Relationships with respect to the SCSI bus
s 32 gggg‘; SCSI BUS STATUS SDBDON SDBEn
D" D" D" "
33 88 SDBE?2 Bus Free L L L L
35 92 SDBE1 Arbitration H L H L
73 95 SDBEO Selection/Reselection D2 D2 H H
Information Transfer
SPC — SCSI L D H H
SCSI— SPC L L L L
Notes: 1. *ID indicates bit positions corresponding to the SCSI bus
device ID; TD indicates the other bit position.
2. *Dindicates transfer of valid information.
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MB87030/31

PIN DESCRIPTIONS (Continued)

Pin No.
MB87031 MB87031 Designator Function

25 69 SDBI7 Inputs for the SCSI data bus. Most significant bit (MSB) is SDBI7; least

66 72 SDBI6 significant bit (LSB) is SDBIO. SDBIP is an odd parity bit; parity check-

28 75 SDBI5 ing for the SCSI data bus is programmable.

69 81 SDBI4

31 84 SDBI3

n 87 SDBI2

34 91 SDBH

74 94 SDBI0

63 66 SDBIP

64 il SDBO7 Outputs for the SCS| data bus. (MSB is SDBO7; SDBO0. SDBOP is an

65 74 SDBO6 odd parity bit.

gg 57;; Sgggi If the bus driver is an open collector device, these signals should be

70 85 SDBO3 applied directly to the driver circuit. If the new bus dniver is a 3-state

a0 89 SDRO2 device, these signals are used as data and SDBO7-SDBOO0 and

7 a3 SDBO1 SDBOP are used as drive-enable signals.

36 96 SDBOO

23 68 SDBOP
Selection enable signal for accessing an intemal register in SPC. When

37 17 TS TSis active, input/output signals RD, RDG, WT, , DP, A0-A3, and
DO-D7 are active.
Input clock for controlling internal operation and data transfer speed of

38 16 TIK SPC.
Input strobes used for reading out contents of internal register; strobes
are effective only when TS is active low.

39 20 RD When RDG is active low, the contents of an intemal register selected

40 21 RDG buy address inputs A0-A3 are placed on data bus lines DO-D7 and DP.
For a data transfer cycle in the program transfer mode, the trailing edge
of RD is used as a timing signal to indicate the end of data read.

4 1 DRESP During a data transfer cycle in the DMA mode, DRESP is a

response signal to the data transfer request signal DREQ.
The DRESP pin must be refreshed with an applied pulse
after each byte of data is transferred to output operations,
the falling edge of DRESP is used for sampling data on
HDBO0-HDB7 and HDBP bus lines; in input operations, the
SPC holds data to be transferred onto HDBO-HDB?7 and
HIDBP until the falling edge of DRESP occurs.
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PIN DESCRIPTIONS (Continued)

Pin No.
MB87031 MB87031 Designator Function

51 33 D7 Used for writing or reading data into or from an internal

50 32 D6 register in SPC; these bus liens are 3-state and bidirec-

49 31 D5 tional. The (MSB) is D7; the LSB is DO. DP is an odd parity

48 30 D4 bit.

gg ;é gg When the TS and RDG inputs are active Low, contents of the internal

43 o5 D1 register are output to the data bus (read operation). In operations other
than read, these bus lines are kept in a hgh-impedence state.

42 24 DO

52 34 DP

44-47 35-38 80-83 Address input signals for selecting an internal register in

the SPC. The MSB is A3; the LSB is AO.
When CS is active low, read/write is enabled and an inter-
nal register is selected by these address inputs via data
bus lines DO-D7 and DP.

53 22 INTR Requests an interrupt to indicate completion of an SPC
internal operation or the occurrence of an error.
Interrupt masking is allowed except for an interrupt caused
by the RSTI input (reset condition of SCSI). When an inter-
rupt is permitted, the INTR signal remains active until the
interrupt is cleared.

56 27 SELI Used for receiving SCSI control signals; outputs of the

61 59 BSY! SCSiI receiver can be directly connected. (Waveform dis-

58 41 REQI tortion or any other disturbance should not occur in the

60 55 ACKI REQI and ACKI signals which are used as timing control

57 49 MSGI signals for sequencing data transfers.)

55 45 C/DI

54 43 10l

62 61 ATNI

59 63 RSTI

102



Fast Track to SCSI

MB87030/31

PIN DESCRIPTIONS (Continued)

Pin No.

MB87031

MB87031

Designator

Function

76

2

DREQ

When executing a data transfer cycle in the DMA mode,
DREQ is used to indicate a request for data transfer be-
tween the SPC and external buffer memory. In the DMA
mode, routing of data is as shown below. Output Opera-
tions:

From external buffer memory to HDBO-HDB7/HDBBP to
SPC internal data buffer register (8 Bytes) to
SDBO0-SDBQO7/SDBOP to SCSI. Input Operations:

From SCSI to SDBI9-SDBI7/SDBIP to SPC internal data
buffer register (8 bytes) to HDBO-HDB7/DHDBP to external
buffer memory. In an output operation, DREQ becomes
active to request a data transfer from the external buffer
memory when the SPC internal data buffer register has
free space available. In an input operation, DREQ be-
comes active to request a data transfer to the external
buffer memory when the SPC internal buffer memory con-
tains valid data.

Input strobe used for writing data into an SPC internal reg-
ister; this signal is asserted only when CS is active Low.
On the trailing edge of WT, data placed on data bus lines
DO0-D7/DP is loaded into the internal register selected by
address inputs AO-A3, except when all address lines are
High (A0-A3 = H).

For a data transfer cycle in the program transfer mode, the
trailing edge of WT is used as a timing signal to indicate a
data-ready state.

78

19

WTG

When WTG is active low, data appearing on data bus lines
DO-D7/DP is output to HDBO-HDB7/HDBP if the following
input conditions are satisfied.

CS=L
AO-A3=H
HIN =H

81,84
85, 88

Vss

Power supply ground.

82.83
86, 87

Voo

+5V Power Supply

Not used.
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ADDRESSING OF INTERNAL REGISTERS

Both the MB87030 and the MB87031 contain16 byte-wide registers that are externally accessible. These registers
are used to control internal operations of the SPC and also to indicate processing/result status. A unique address,
identified by address bits A3-A0, is assigned to each of the sixteen registers. These addresses are definedin Table 1.
(Note: The phase sense (PSNS) and SPC diagnostic (SDGC) registers have the same hexadecimal address;
however, depending upon whether a read or write command is executed, the registers provide two separate
functions.)

Table 1. Internal Register Addressing

. . Address Bits
Register Mnemonic| Operation Chip Select (CS) A3 A2 A1 A0
R
Bus Device ID BDID 0 0 0 0 (o]
W
R
SPC Control SCTL 0 0 0 0 1
W
R
Command SCMD 0 0 0 1 0
w
R
Transfer Mode TMOD 0 0 0 1 1
W
Interrupt Sense R
INTS 0 0 1 0 0
Reset Interrupt w
Phase Sense PSNS R
0 0 1 0 1
SPC Diagnostic Control SDGC W
SPC Status SSTS R
0 0 1 1 0
fo— i
SPC Error Status SERR R
0 0 1 1 1
—_ W
R
Phase Control PCTL 0 1 -0 0 0
W
Modified Byte Counter MBC R
0 1 0 0 1
o W
R
Data Register DREG 0 1 0 1 0
W
R
Temporary Register TEMP 0 1 0 1 1
W
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Table 1. Internal Register Addressing (Continued)

Address Bits
Register Mnemonic | Operation Chip Select (CS) A3 A2 Al A0

R

Transfer Counter High TCH 0 1 1 [o] 0
W
R

Transfer Counter Middle TCM 0 1 1 0 1
W
R

Transfer Counter Low TCL 0 1 1 1 0
W
R

External Buffer EXBF 0 1 1 1 1
W
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BIT ASSIGNMENTS

Table 2 lists the bit assignments for the seventeeninternal registers definedin Table 1. During read/write access ofan
internal register, the following rules are invoked:

* Internal registers include only those registers identified in Table 1.
e A write command to a read—only register is ignored.
e For write operations, all bit positions with a “—" (blank) designator can be written as a “0" or as a *1".

e All bit positions with an assigned “0” are always read as a zero (0).
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Table 2. Bit Assignments For Internal Registers

Register | R'W
HEX and Oper- 7 6 5 4 3 2 1 0 Parity
Address | Mnemonic| ation | (MSB) (LSB)
Bus. R #7 #6 #5 #4 #3 #2 #1 #0 0
0 Device ID ] ] ] ] ] ] |
(BDID) w SCSI Bus Device ID _
1D4 1D2 D1
SPC R | Reset |Con- | Diag |ARBIT| Parity | Select | Re—= [INT
1 Control & Dis—| trol select P
(SCTL) w |able |Reset | Mode | Enable| Enable | Enable| Enable|Enabld
Command R RST | inter— |Transfer] ModifeqTerm
cept |PRG Mode p
2 (SCMD) W Command Code Out Xfer Xfer 0
Transfer R Sync.
Mode Xfer | Max. Transfer Min. Transfer | 0 0 P
3 (TMOD) w X
Command Offset Period
(SCMD) 4 2 1 2 1
Interrupt R Selec~-| Resel-|Discon—] Com— | Ser— Time SPC |Reset
Sense ted Wnect mand | vice Re| Hard {Condid p
4 (INTS) ected Comp—{ quired | Out Error |tion
plete
w Reset Interrupt —
Phase R REQ] ACK | ATN |SEL |BSY MSG | C/D /O P
Sense
(PSNS) W —
5 TIspcpiag| R —
Control
(SDGC) W Diag. | Diag. | XFER Diag. | Diag. | Diag. |Diag. _
REQ | ACK |Enable BSY |MsG | cD |vO
SPC R Connected SPC | XFER | SCSI | TC=0 | DREG Status
Status In Pro-] P
6 (SSTS) INIT | TARG BSY |gress | RST Full Empty
w —_ —
SPC Data Error 0 0 TC Phase Short Offset
7 |Emor R |scsl | sPC |XFER Parity )
Status Out Error Error | Period |Error
(SERR) W
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Table 2. Bit Assignments For Internal Registers (Continued)

Register | R'W .,
HEX and Oper- 7 6 5 4 3 2 1 0 Pﬂl’“y
Address | Mnemonic| ation | (MSB) (LSB)
Bus
Phase R Free Transfer Phase
Control Inter—
. (PCTL) Y ot 0 gsa 8/0 o) P
Enable ut ut  |Out
Modified R MBC I
Byte 0 Bit3 Bit2 | Bitl it0
9 Counter ' l ' I l B
(MBC) W — —
Data R Internal Data Register (8 Byte FIFO)
Register P
A (DREG) w Bit7 | 6 | 5 ] 4 ] 3 | 2 | 1 l 0
Temporary| R Temporary Data (Input: From SCSI) P
B Register Bitz | 6 | 5 14 | 3 | 2 | 1 1 o
(TEMP) W Temporary Data (Output: to SCSI) P
Btz | 6 | 5 |14 | 3 | 2 | 1 10
| | I I 1 | |
Transfer R
C Counter Transfer Counter High (MSB) P
High w Bit23 22 21 20 19 18 17 16
(TCH) I | | | | l |
Transfer R I I | ! ! ! J
D Counter Transfer Counter High (2nd Byte) P
Mid. W Bitt5 14 13 12 11 10 9 8
(TCM) 1 | | | | I I
Transfer R J I J I I ! J
E Counter Transfer Counter High (LSB) P
Low w Bit7 6 5 4 3 2 1 0
(TCL)
External R
F Buffer Exterpal Buffe; P
(EXBF) w | Btz | 6 i 5 4 [ 3 | 2 |1 ]o
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Fast Track to SCSI MB87030/31
DC CHARACTERISTICS
(Recommended operating conditions unless otherwise specified)
Values
Parameter Designator Condition Min Typ Max Unit
Power Supply Current tos Steady State’ 100 mA
Power Dissipation Pp 300 mW
Output High Voltage VoH lon=-0.4mA 42 Voo \)
Output Low Voltage VoL loL=3.2mA Vss 0.4 Vv
Input High Voltage VIH 22 \
Input Low Voltage Vi 0.8 Vv
Input Leakage Current i Vi=0- -10 10 mA
3-state
Input Leakage Current | | Vi=0-Vpp 10 mA
Note:

1. Viu=Vpp =ViL = Vss
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MB87030/31

Fast Track to SCSI

AC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted)

MPU INTERFACE

Values
Parameter Designator Unit
Min. Typ. Max.
Clock Cycle toLr 125 200 ns
Clock High tcHOL 50 ns
Clock Pulse Width (Low) toL cH 40 ns

—— toir ———»

| 1 ]
re&—tcHcL —> < icHcr 9

S W S U S

Values
Parameter Designator Unit
Min. Typ. Max.
Reset Pulse Width trRsTW 50 ns

—

- /

110




Fast Track to SCSI MB87030/31

Values
Parameter Designator P T ” Unit
in. yp. ax.
Address Setup taws 40 ns
Address Hold tAWH 5 ns
TS Setup tows 25 ns
TS Hold town 10 ns
Data Bus Setup tows 25 ns
Data Bus Hold towH 20 ns
WT Pulse Width twr 50 ns
A3-A0 X X
| |
4 taws —': e tawn —,
!
s -\ . . v
T T
:4 tows Pre———— tw7 ——>< lowH >:
WT ! +
\ ; { owH
| |‘— tows ——DC——-D'
| 4 |
D7-Do, DP A A
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MB87030/31

Fast Track to SCSI

. Values
Parameter Designator Unit
Min. Typ. Max.
Address Setup tawse 40 ns
Address Hold tAWHE 5 ns
CS Setup towse 25 ns
TS Hold towHE 10 ns
WTG Low to DMA Data Bus
HDB7-HDBO, HDBP fWLHD 40 60 ns
WTG High to DMA Data Bus| t 10 ns
HDB7-HDBO, HDBP WHHD 80
MPU Data Bus (D7-D0, DP) 25
DMA Data Bus toHD 5 50 ns
(HDB7-HDBO, HDBP)
HIN High to DMA Data Bus
(HDB7-HDBO, HDBP) tHiNz 10 40 ns
HIN '/ .
A3-A0 ) { X
[} ]
! F"‘; tawse "”: :"’ tawHe 91
T3 | I ' 1
] ] y T 1
! r* towse ’: :‘ towHE %
WTG 1
! \ ]
! . - e WHHD
1 tiNz
[ p L N !
D7-Do, DP : { —
T torp |
! 1 1DHD o, le—ni
HDB7-HDBO, HDBP —{1__Undefined X X
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Fast Track to SCSI

MB87030/31

AC CHARACTERISTICS (Continued)

Values .
Parameter Designator Unit
Min. Typ. Max.
Address Setup taRs 40 ns
Address Hold tARH 5 ns
TS Setup (RD) tcrs 10 ns
CS Hold tcRH 5 ns
RD Pulse Width trD 50 ns
RDG Low to Data Output tRINZ 10 45 ns
RDG High to D7-D0, DP '
High Z RHHZ 40 ns
RD Low to Data Establish taLD 85 ns
RD High to Data Hold trRHD 10 ns
CS Setup (RDG) tcras 5 ns
1
A3-A0 X
I L)
[&— tpapg —pl r— tARH =
[o1] | '
{ ] X !
:4“' tcrs = - 'an—':
RDG 4 ! |
' ! | I
h tcras ™ : L
| &— o _...__.!:
o l \ / ; tRHH
! :4- tRLD- 't ! '
le—y il
I tALNZy, : ey "
D7-Do, DP { ¥ vaid X )}
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MB87030/31

Fast Tra;k to SCSI

AC CHARACTERISTICS (Continued)

ycle (EXE

Values
Parameter Designator Unit
Min. Typ. Max.
Address Setup tARSE 40 ns
Address Hold tARHE 5 ns
TS Setup tcrse 10 ns
TS Hold tCRHE 10 ns
RDG Low to Data Output trRiNZ 10 45 ns
RDG High to D7-D0, DP t
High Z RHHZ 40 ns
DMA Data Bus (HDB7-HDBO
HDBP) to MPU Data Bus tvoo 5 50 ns
(D7-DO, DP)
HIN Low to HDB7-HDBO,
HDBP High thinz 40
HIN —'—\
|
[} )
A3-A0 C X X
os ! :4..._ t ARSE_..: :4— fARHE—h:
i
i | L
! t 1
! :4- torse :4 teRHE™
RDG (RD) 1 ! i
(Note) > tunz * ) ’{
i
! i

|
]
HDB7-HDBO, HDBP | )———r-l(
| - thpo»

'I g RHHZ
' | ! tpp! !
LT — -~ 'X' y
D7-Do, DP
X )
Note: 1. These two signals may be applied simultaneously.
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Fast Track to SCSI

MB87030/31

AC CHARACTERISTICS (Continued)

Values
Parameter Designator Unit
Min. Typ. Max.
CLK High to INTR High toHIR 5 55 ns
WT High to INTR Low torrl + 10
(Interrupt Reset) twHir 2t e+ 80 ns
Interrupt Reset Cycle Time? ns
twrey At ¢
Notes:

1. Refer to “Clock Signal” timing for definition of tg ¢
2. Cycle time for WT when interrupt is continuous.

CIK

I
tor™™) :‘_ )\ )

{ i «

|
INTR

115



MB87030/31 Fast Track to SCSI

AC CHARACTERISTICS (Continued)
DMA Interface

Values
Parameter Designator Unit
Min Typ Max
DREQ High to DRESP High| tprpp tcLe (Note) ns
DRESP High to DREQ Low | trPDR 10 45 80 ns
DREQ Low to DREQ High toLoH 0 ns
DRESP Pulse Width trpsw 50 ns
DRESP Cycle Time (1) trpoy 2t ns
DRESP Cycle Time (2) . tRLRH 3tor ns
Note:
1. Referto “Clock Signal” timing for definition of tc ¢
I |
(¢ !owoH
DREQ ! \ !
'—'{’ tRPDR:‘-D'H | .
:4- tDRRPIY f——— 1Rp Y=t
I |
e N\ [ [\

] I | ]

:4- tRPsw-b:d— tRLRH ——-————b:

] |
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Fast Track to SCSI

MB87030/31

AC CHARACTERISTICS (Continued)

Values
Parameter Designator Unit
Min. Typ. Max.

HIN High to HDB7-HDBO, t

HDBP Data Output HINZ 10 40 ns
DREQ High to Data Establish|  tpgpy 60 ns
DRESP Low to Data Change treov 15 15 90 ns
REQI or ACKI High to

DREQ High—> 'RaDR 55 Btorer+ 70 ns

Notes:

1. When SPC receives REQ (Initiator) or ACK (Target) with an empty FIFO during DMA (hardware ) transfer.
2. Refer to “Clock Signal” timing for definition of

CLF

REQI or ACKI

DREQ

DRESP

HIN

HDB7-HDBO, HDBP

'( Unpredictable X
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MB87030/31

Fast Track to SCSI

AC CHARACTERISTICS (Continued)

put Operat

1. Refer to “Clock Signal” timing for definition of tc, ¢,

serving as an initiator.

. Values )
Parameter Designator Unit
Min Typ Max
HIN Low to HDB7-HDBO, t
HDBP (High Z) HiHZ 40 ns
Data Bus Setup tHpes 20 ns
Data Bus Hold tHpBH 20 ns
DREQ Low to DRESP (Note)| toLre StoLF! ns
DRESP Low to REQO or tbRRA 4tcLre+ 115 ns
ACKO High?
Notes:

2. Theindicated timingis invoked if SPC receives DRESP when the internal data buffer is empty during a DMA
(hardware)transfer. The timing parameter is waived for ACKO when the last byte is transferred with the SPC

;4 tonn».:
i
REQO or 1 V
ACKO [ {
/ . (Note) '
DREQ (Mommmmmeeee '
(& oL
DRESP / lk
]
J
]
HIN } :
] ! ]
(CthiHz ¥ < tnoasb:ﬂ- tHpBH>,
—_
HDB7-HDBO, HDBP ) 4 DATA 1 y S

Note: In the following cases,the DREQ signal becomes inactive asynchronously with the DRESP
signal to stop refetching data during an output operation:
e The Transfer Pause command is issued when the SPC is serving as a TARGET
e The Transfer Phase is changed when the SPC is serving as an INITIATOR
In these cases, the last DRESP signal response must not exceed t p, pp
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Fast Track to SCSI

MB87030/31

AC CHARACTERISTICS (Continued)
SCSI Interface (Selection Phase)

Values
Parameter Designator Unit
Min. Typ. Max.

Bus Free Time tarn 4tc ¢+ 50 ns
BSYI Low to BSYO High tarso (6 +n)x (7+n)x ns
(Start of arbitration) tor +5 tcLr + 65

BSYO High to ID Bit High tauip cLe 20 55 ns
BSYO High to Prioritize targ 32t — 40 ns
e N »
Data Bus Valid (Low Priority 5 ns
Bit) to Prioritize

gu;gfgg:i;:rmlssnon Granted tawso 0 45 ns
SELO High to Data Bus (ID) Send| tsoip 11t — 30 11t +15 Mt p+45 ns
SELO High to INIT High tsorr 11t — 30 11tg — 10 g e+ 40 ns
INIT High to ATNO High traT 5 5 ns
Data Bus (ID) Send to BSYO Low tioaL 2t 50 2tg 10 2t p+25 ns
BSYO Low to B_SYI Low taog 0 tor ns
BSYI High to SELO Low taigo 2t e+ 5 ns
BSYI High to Data Bus (ID) Hold | tgipn 2te e+ 5 ns
SELO Low to INTR High tsciR 0 35 ns
SELI High to BSYO, ID Bit Low tsacr 3t e+ 115 ns
Prioritize to BSYO, ID Bit Low tpeCR 125 ns

Notes:

2. n=TCL register set value

1. Refer to “Clock Signal” timing for definition of t ¢.
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MB87030/31 Fast Track to SCSI

AC CHARACTERISTICS (Continued)

(|
1>y 1BFR
BSYI " ‘Z“”' [
] L 1 |‘—'———J‘
BSY0 Fe—! tore0 lep! tsach ta0Bry s '
—y ) 1
i R R, ;
i Vo :‘—’: tpacr &9 tipaL "
SELI [ v t
i A1 ! ! 1 ! \
. T /l . 1
| tawson & | | e tg50
SELO ﬁ——tAne-—-'b:l', 1 t L—e
] / ! ]\
i | ] "
1 LV e tgop—w!
1 ! SoID 1 |
SDBO (ID bit) tanip ey AR : re—— tay
(1D bit 0 T
, HEEA T S D S
] ] ]
! 1Yo 1 1
. 1 1 i 1
SDBE (ID bit) L v/ —
N QR I W N
] I
1 1l
. ) ! 1 1
SDBO (Except ID bit) !
il A )4
1 ] N
h ! L
. | 1 1
SDBE (Except ID bit) |
' ! ' | G
1 : 1 1 |
o !
[ 1 !
SDBI7-SDBI0, SDBIP X [ X X
T ]
!ﬂ—-—-tAmv-——N : '
1
Voo : ' :
:G—tsonr-—-n '
! ! 4
1
INIT !’ I 1
el tTaT |
o 1
ATNO J L
tscm:‘--b:
1 /
INTR (Command Complete)
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Fast Track to SCSI

MB87030/31

AC CHARACTERISTICS

(Continued)

o] 4
Values .
Parameter Designator Unit
Min 12 Typ. Max.
Bus Free to Data Bus (ID) teriD (6+n)x (7+n)x ns
Send tcLF+5 t CLR 85
ID Send to SELO High tinso 11tg — 50 itg — 15 MtgLe+ 26 ns
ID Send to INIT High toir 11tc - 50 1terr 11tc e+ 40 s
INIT high to ATNO High tirar -5 5 25 ns
BSYI High to SELO Low taiso 2AcLe+ S ns
BSYI High to Data Bus (ID) Hold| tgipn 2AcLe+ 5 ns
SELO Low to INTR High tscir 0 35 ns
Notes: 1. Refer to “Clock Signal” timing for definition of to ¢,
2 n=TCL register set value
' ]
BSYI _\'\ }
: :
BSYO : .
1 1
SELI ' /v .\
' :c—-»: teiso
SELO ! ]—ﬁ
E‘—— tFmo—*—- lloso-b: |4-—-l-.l tBIDH
SDBO7-SDBO0, SDBOP k (ID) : X
i !
SDBE7-SDBEO, SDBEP 4 1 X
: |
1100 : :
:1—— hon———bz !
INIT . ! N
.>i le tmaT '
ATNO 7 n
-.: :4- tscip
INTR (Command Complete) v Y
;
'
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MB87030/31

AC CHARACTERISTICS

(Continued)

Fast Track to SCSI

Values
Parameter Designator Unit
Min. Typ. Max.
SELI High to BSYI Low tsie: 0 ns
Data Bus (ID) Valid to BSYI Low tipai 0 ns
I/O1 Low to BSY! Low tugi 0 ns
BSYI Low to BSYO High tsiso 4o 145 5t r+ 60 ns
(Response time)
BSYO High to Data Bus (ID) Hold tsoip 20 ns
BSYO High to SELI Low tgos 0 ns [
ATNI High to SELI Low taTs) o] ns
SEL! Low to TARG High tsite 3t e+ 5 4tc -+ 60 ns
TARG High to Phase Signal Output trapH -5 10 30 ns
1/00 High to Data Bus Enable? tiopE 4tg —30]  4tg p+ 20 Ate p+ 70 ns
SELI Lowto INTR ngh tsun 3tCLF+ 65 ns
|Notes:
1. Refer to “Clock Signal” timing for definition of tc ¢
2. Incase of bit 0 (/O out) of PCTL register is set in advance.
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Fast Track to SCSI MB87030/31
AC CHARACTERISTICS (Continued)
|
BSYI \ /
| ! I
|
k¢— t5)B| ———¢— tsipo—d
BSYO ! A 4
L] 1
I : R ] » tgosi
) 3 |
SELI / | ! \
! tios la >l teop la ot !
] ' ot
| 1 I 1
SDBI7-SDBIO, SDBIP X (ID) X X
] T
—) ety !
U 1 |
1ol y ! £
|
|
) ]
ATNI / H
(ST PR
| |
taTsI :4—-—-».4—»: tsite
I
|
TARG ! !
: :d—b: trapH
MSGO R
] |
[} |
C/DO : !
1 }
| |
1100 H K
|
: ﬂ-.: tiope
I
SDBO7-SDBOO, SDBOP : X
! 1
! ]
SDBE7-SDBEO, SDBEP : A
]
tsur :<—P:
INTR (Selected) 1 1
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MB87030/31

Fast Track to SCSI

AC CHARACTERISTICS (Continued)

RGET withot

Parameter Designator Values Unit
Min Typ. Max.
Data Bus (ID) Valid to SELI High tipsi 0 ns
I/01 Low to SELI High tisi 0 ns
T N N s |
BSYO High to Data Bus (ID) Hold tsoip 20 ns
BSYO High to SELI Low tgosi 0 ns
ATNI High to SELI Low tars) 0 ns
SELI Low to TARG High tsitg BtcLe+ 5 4t F+ 60 ns
TARG High to Phase Signal Output? | tygpn -5 10 30 ns
1/00 High to Data Bus Enable tiope 4tc r—30 | 4tg e+ 20 dtc e+ 70 ns
SELI Low to INTR High tsLir 3tc e+ 65 ns

Notes:

1. Refer to “Clock Signal” timing for definition of tc| ¢
2. In case bit 0 (/O) of PCTL register is set in advance.
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Fast Track to SCSI MB87030/31
AC CHARACTERISTICS (Continued)
BSYI /
! &— tsLso—»
1 i
BSYO |
E ;4—-’: teosi
SELI / ' \
1 ] ] 1y
tleu:‘-—’: taouo:“'"’t 1
11
SDBI7-SDBIO, SDBIP X (ID) X X
I T
\ :" tusi l :
10l \ ! £
|
1
\ |
ATNI /___1 ________
taTsi :<——>:<—>. tsita
| ' 1
TARG YO
:C—b: trapH
MSGO : *
!
C/DO z
1
1100 x

SDBO7-SDBO0, SDBOP

SDBE7-SDBEO, SDBEP

INTR (Selected)
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MB87030/31 Fast Track to SCSI

AC CHARACTERISTICS (Continued)
SCSiI Interface (Reselection Phase)

SR S B3
Values
Parameter Designator Unit
Min.1,2 Typ. Max.
Bus Free Time tsrR 4tc e+ 50 ns
BSY! Low to BSYO High ¢ (6 +n) x (7+n)x ns
(Start of arbitration) BFBO tclF+5 t cLe+ 65
BSYO High to ID Bit High ) teHID 0 20 55 ns
BSYO High to Prioritize taRg 32 40 ns
Data Bus Valid (High Priority B
Bit) to Prioritize 70 ns
- — tapT
Data Bus Valid (Low Priority
Bit) to Prioritize 5 ns
Bus Usage Permission Grant
to SELO High tawso ] 45 ns
SELO High to Data Bus (ID) Send| tsoip 11t - 30 1tgLe+ 15 1itoe+ 45 ns
SELO High to TARG ngh tsora 1“CLF' 30 11tcu:+ 5 11tcu:+ 30 ns
TARG High to Phase Signal Send | ttaPH -5 10 30 ns
1100 High to BSYO Low tiosL 2cif- 40 2cLe- 10 2tc p+ 20 ns
Data Bus (ID) Send to BSYO Low | tiosL 2AciF- 50 2cLe- 10 2Ac1p+ 25 ns
BSYO Low to BSYI Low tgosi 0 torr ns
BSYI High to SELO Low taiso Qe+ 5 ns
BSYI High to Data Bus (ID) Hold teiDH acu':+ 5 ns
SELO Low to INTR High tscir 0 35 ns
SELI High to BSYO, ID Bit Low tsacr 3o p+ 115 ns
Prioritize to BSYO, ID Bit Low tpacr 125 ns
BSYI High to BSYO High teiso 2Ac+5 ns

Notes:
1. Refer to “Clock Signal” timing for definition of tc ¢
2. n=TCL register set value

126



Fast Track to SCSI

MB87030/31
AC CHARACTERISTICS (Continued)
t
b! !1- tarr ,! !‘ tBOBI‘.{ r- 23:2& + 5 (Min)
BSYI —\ ¥y \ ¢
i " je tsacr :
BSYO I AR VR \ 4
hepaoi-- * !‘!PBCR olle 1 +tcir
SELI : f / le taisow |o |
Lt b
fa— tars —»! : oo L |
SELO ! ! \_‘:_
ﬂ |‘ teHD < tSOID'—ﬂ. » teioH
SDBO (ID bit) f Lt h ‘.K_ — I
SDBE (ID bit) / R ?_ _ 1
> |- tawso § :
SDBO (Except ID bit) : X (
SDBE (Except ID bit) )
| »| & tiose
SDBI7-SDBIO, SDBIP T X i Y
}ﬁ—— tapT——>! @ tsoTem] '
TARG D
{ trent
k'TGPH'
MSGO X
Cc/DO /
1100
el fe
INTR (Command Complete) }
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MB87030/31

Fast Track to SCS/

AC CHARACTERISTICS (Continued)

NITIATOR i
Val
Parameter Designator == Unit
Min. Typ. Max.
SELI High to BSYI Low tsil 0 ns
Data Bus (ID) Valid to BSY! Low tiosi 0 ns
/Ol Low to BSY/ Low tigi 0 ns
BSYI Low to BSYO High tsieo 4tcr+ 5 5 _+60 ns
(Response time) (Note) CLF
BSYO High to Data Bus (ID) Hold tsop 20 ns
‘BSYO High to SELI Low. teosi 0 ns
SELI Low to BSYO Low tsis0 At 5 3tcyr+ 60 ns
SELI Low to I/Ol Hold tsiH dtcLe+ 20 ns
SELI Low to INTR High tsLR 3o e+ 65 ns
SELI Low to INIT High tsur Roirt S 4tcir+ 65 ns
INIT High to Data Bus Enable
(With /0! at low level) tmoe 10 ns
Note: 1. Refer to “Clock Signal" timing for definition of tc; .
BSYI \! /
! : 1 1
BSYO e 15iB| ——by— lsuao—ul,—i
]
L] L]
' i tgos) te—=w} < tsipo-»!
SELI -r H
____( ] ' A\
tipsy > tgoin el
U Il | ]
SDBI7-SDBI0, SDBIP Y Y
—> 1 tig tsiiH ot
vol } e e
A PN
— tSLITmby
INIT ] J
i
: :<—->: tiToe
SDBO7-SDBOO, SDBOP ! Y G
T
' |
SDBE7-SDBEO, SDBEP ' £
: i
tsLR :4—->:
INTR (Reselected) 1 1
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Fast Track to SCSI

MB87030/31

AC CHARACTERISTICS (Continued)
SCSiI Interface (Transfer Phase)

Values
Parameter Designator Unit
Min Typ. Max.
1700 High to Data Bus Enable tiope teLr dte g+ 100 ns
Data Bus Valid to REQO High tovRa 2te 80 ns
ACKI High to Data Bus Hold takoy 15 55 ns
REQO High to ACKI High tRHAH 20 ns
ACKI High to REQO Low tAHRL 10 30 55 ns
REQO Low to ACKI Low tRLAL 0 ns
ACKL Low to REQO High tALRH 0 35 ns
ACKI High to REQO High tAHRH 2o p+ 5 ns

Note: 1.

Refer to “Clock Signal” timing for definition of tc; .

REQO

ACKI

I otagp | thiad

SDBO7-SDBO0, SDBOP

T

MSGO

C/DO

1100

—

—
tiope #

SDBE7-SDBEO, SDBEP r
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MB87030/31 Fast Track to SCSI

AC CHARACTERISTICS (Continued)

no
Values
Parameter Designator Unit

Min. Typ. Max.
I/00 Low to Data Bus Disable tiooD 20 55 ns
Data Bus Valid to ACKI High10 |  tpvak ns
REQO Low to Data Bus Hold trLov 25 ns
REQO High to ACKI High tRHAH 20 ) ns
ACKI High to REQO Low tAHRL 10 30 55 ns
REQO Low to ACKI Low tRLAL 0 ns
ACKI Low to REQO High tALRH 0 35 ns
ACKI High to REQO High taHRH A+ 5 ns

Note: 1. Refer to “Clock Signal” timing for definition of tg ¢
!‘———— tAHRH—P!

REQO " | l\———_—/l
i‘_‘RHA 'I tanrL | tRiAL i tALRH 'I

ACKI r 1

i thov | |
t

"! & tovax !

]

SDBI7-SDBIO, SDBIP X X
MSGO X
/DO X
1100 \

‘ﬁ—-—-’: tioop

SDBO7-SDBO0, SDBOP *

SDBE7-SDBEO, SDBEP A
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Fast Track to SCSI MB87030/31

_AC CHARACTERlSTICS (Contmued)

Dutput (IN
Parameter Designator Values Unit
Min. Typ. Max.
/Ol Low to Data Bus Enable tDE 10 50 90 ns
Phase Specify to REQI High tPHRQ 100 ns
ACKO Low to Phase Change taLpH 10 ns
REQI High to ATNO Low! tRATL 2tcLre+ 5 ns
ATNO Low to ACKO High' tATLA toLe— 20 ns
Data Bus Valid to ACKO High |  tovak 2tciF— 80 ns
REQI Low to Data Bus Hold tRLDV 20 60 ns
REQI High to ACKO High tRHAH 20 45 75 ns
ACKO High to REQI Low tAHRL 0 ns
REQI Low to ACKO Low? tRLAL 10 45 75 ns
ACKO Low to REQI High tALRH 10 ns
REQI Low to ACKO High tRLNA 2tcLr+ 5 _ns
Notes: 1. Wbti'Tt t;g:g éi.ming parameters, the ATNO signalis reset only when the lastbyte is sent atthe MESSAGE

2. Refer to “Clock Signal” timing for definition of tc, ¢
3. Except for the last byte.

'
 &—— LRINA———]

REQI ll \l

t taHRL ! TRLAL
k—tPHRo-ﬂc-—— tRHAH—.‘Q———ﬂC—*-tALRH-D'

'
ACKO ! H r _"—\' \ ' | o
] J ' ] ]
] ] ' ] ] ] ]
! : tDVAK pag—ppd tFu.Dv:g-» -~ taLPH i
[ | ! 1
SDBO7-SDBOO, SDBOP; A ! X X '
] T
! ' tRATL:C—':‘- tATLA > H
ATNO T '
1 " D +
! ' 1
MSGlI 'X H X
P :
c/l ) G X
Lo -
vol _\' ! )
1
Q—-ﬂ tioe

SDBE7-SDBEO, SDBEP {
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MB87030/31

Fast Track to SCS!

AC CHARACTERISTICS (Contlnued)

2. Withthese tlmmg
error is detecte

parameters, the ATNO signal is sentonly when parity checking is enabled and a parity

in the input data.

(INITIA
Parameter Designator Values Unit
Min. Typ. Max.
1/0Ol High to Data Bus Disable tiop 45 75 ns
Phase Specify to REQI High trHRQ 100 ns
ACKO Low to Phase Change taLPH 10 ns
Data Bus Valid to REQI High tbvra 10 ns
ACKO High to Data Bus Hold takov 15 ns
REQI High to ACKO High tRHAH 15 40 70 ns
ACKO High to REQI Low LAHRL 0 ns
REQI Low to ACKO Low tRLAL 10 45 75 ns
ACKO Low to REQI High taLRH 10 ns
REQI Low to ACKO High tRLNA e +5 toe! +15 ns
ATNO High to ACKO Low? taTaL to g - 20 ns
Notes: 1. Refer to “Clock Signal” timing for definition of tc ¢

REQI

ACKO

ATNO

MSGI

C/DI

o]

SDBI7-SDBI0, SDBIP

:1———— tRLNA—————p>!
'/ \ /————‘:——
]
e tPHRo-N:Q— tRHAH —b.d- tAHRL-Nn———*-— tALRH—| !
. ! A A\ J—
! ' l l
] (]
ka— tovRo—s takDv ﬁ—u i
r Y []
A 8 l
: ‘—'* tATAL
0
"—-—DE taLpH
]
0 (]
X X
' :
X X
] ]
)
"—j,';-": tioo :\'“

SDBO7-8SDBO0, SDBOP *
]

]
SDBE7-SDBEO, SDBEP\
1)
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Fast Track to SCSI

MB87030/31

AC CHARACTERISTICS (Continued)

Parameter Designator Values Unit
Min.12 Typ. Max.
1/00 High to Data Bus Enable tiope 3toLr Atc e + 100 ns
Data Bus Valid to REQO High tovra tolr ns
REQO Assertion Period troap tere- 10 toLe ns
REQO Nonassertion Period tRnaP nte g 10 Ncr ns
REQO Low to Data Bus Hold tRLDH 0 5 ns
REQO High to ACKI High LRHAH 0 ns
ACKI cycle time (1) tAKF1 toLr ns
ACKI cycle time (2) takr2 3teir ns
ACKI Assertion Period takap 50 ns
ACKI Nonassertion Period tanap 50 ns

Notes: 1. Refer to “Clock Signal” timing for definition of tc ¢.
2. n=TMOD register set value

troar  teRNAP

REQO
1 [P t >
«—t < AKF2 >
: RHA.H—-.:‘—"‘—' takF1 =] }
ACKI 1 : /I tAKAp\-——l ———[__
. tc>vno: ', —le—pl
> tm_ou": ! U tanap o
! !
!
SDBO7-SDBOO, SDBOP (™ X Y Y X

SDBE7-SDBEO, SDBEP____J

]
!
MSGO \ :
1
]
—_— 1
/Do 0
1
1100 —
1
— ]
{4—-—.} tiope
! 1
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AC CHARACTERISTICS (Continued)

Parameter Designator Values Unit
Min.12 Typ. Max.
1/OO Low to Data Bus Disable tioob 20 55 ns
REQO Assertion Period troar te— 10 tolr ns
REQO Nonassertion Period tANAP ntoi— 10 Ntcie ns
REQO High to ACKI High tRHAH 0 ns
ACKI Assertion Period taKAP 50 ns
ACKI Nonassertion Period tanap 50 ns
ACKI Cycle time (1) TAKF1 tcLr ns
ACKI Cycle time (2) takr2 3tcLr ns
Data Bus Valid to ACKI High tovak 10 ns
ACKI High to Data Bus Hold tAkDH 40 ns

Notes: 1. Refer to “Clock Signal” timing for definition of tc ¢
2. n=TMOD register set value

trRoar  tRNAP
\ 1

i
’,———w{ r———-\ "\ [
REQO

1
i‘-———-—————-——- tAK ——-—-—-—-’l
"— 'RHAH—M < o F2 '

ACKI A takap N m
,1»-——-..4—-—-—».

tanapr
tovak l‘—-hd—-ﬂ takDH

SDBI7-SDBIO, SDBIP X X X )

MSGO \
C/DO \
1100 i

— tionp
- SDBO7-SDBO0, SDBOP

1
SDBE7-SDBEDO, SDBEP——-\{
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AC CHARACTERISTICS (Contrued)

Parameter Designator Values Unit
Min, 1,2 Typ. Max.
/Ol Low to Data Bus Enable tDE 10 50 90 ns
Phase Specify to REQI High tPHRQ 100 ns
ACKO Low to Phase Change tALPH 10 ns
REQI Assertion Period troapP 50 ns
REQI Nonassertion Period tRNAP 50 ns
REQI Cycle time (1) traF1 toLr ns
REQI Cycle time (2) trar2 3tcir ns
REQI High to ACKO High tRHAH 3tcLr ns
ACKO Assertion Period | takap teir- 10 tewr ns
ACKO Nonassertion Period tANAP nic - 10 ntor ns
Data Bus Valid to ACKO High toTak toLr ns
ACKO Low to Data Bus Hold taLDH 0 5 ns

Notes: 1. Refer to “Clock Signal” timing for definition of tc .
n = TMOD register set value

]
"_—tnofﬂ—-ﬂ 1
1 thRoAP  tRNAP ! !

[] ]

e N e WD

]
le—tPHRQ —>'< tRHAH»u tAKAP>l< ‘ANAP»I

ACKO : T e N e N s W
: : -
i tovRa n——uq——n tRQDH H
SDBI7-SDBI0, SDBIP X X X X H
T ' T v H
! ' tRATH—y :
ATNO ' l :
4 tALPH 19y
MSGI \, E b
[] ]
] ]
C/DI ‘ ll
' H
Vol —/ '
re— tipp )

SDBO7-SDBOO0, SDB!

SDBE7-SDBEO, SDBEP \
1
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AC CHARACTERISTICS (Continued)

_Synchronou pu
Values
Parameter Designator Unit
Min.12 Typ. Max.
I/01 High to Data Bus Disable tiop 45 75 ns
Phase Specify to REQI High tpHRQ 100 ns
ACKO Low to Phase Change taLpH 10 ns
Data Bus Valid to REQI High tbvRa 10 ns
REQI High to Data Bus Hold traDH 40 ns
REQI Assertion Period troap 50 ns
REQI Nonassertion Period tanap 50 ns
REQI Cycle time (1) traF1 tolr ns
REQI Cycle time (2) trar2 3toLr ns
REQ! High to ACKO High tRHAH 6tcLr+ 5 ns
ACKO Assertion Period takap te e 10 telr ns
ACKO Nonassertion Period ‘tanap nto e 10 ntor ns
REQI High to ATNO High? tRATH 3tee+ S 4t 30 ns
INotes:

1. Refer to “Clock Signal” timing for definition of tcr.

2. n=TMOD register set value

3. With these timing parameters, the ATNO signal is sent only when parity checking is enabled and a parity

error is detected in the input data.
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AC CHARACTERISTICS (Continued)

1
< trare

|
14— tRoF 1 ——i
I troar  tanap !

_—————X_

REQI
1 ! 1
] 1 : ]
:4-—-— tPHRO— >-1<¢ tRHAHPY < takAP B la tANAP -1
1 [ | 1 '
1 1 |
1 1
) I ) ' '
: tovra ﬂ—’:‘—ﬁ:tnom \
1 .
SDBI7-SDBIO, SDBIP ) X X X '
T ! T ! T
! | trATH— !
i 1 1 1
ATNO *1 ' ) ]
1
: tALPH:‘":
MSGI { | ‘
| [
l L
C/DI ‘ [
' i
1 i
l[e]] ‘ |
" tiop \__

SDBO7-SDBOO, SDBOP
1

|
SDBE7-SDBEO, SDBEP \
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Value
Parameter Designator e Unit
Min Typ Max
WT High to MSGO, C/DO, /00|  tpck 10 40 65 ns
(PCTL register)
WT .
——_\__1 teuow !
! ]
MSGO X
'
1
/DO ) {
I
J
1100 X

Parameter Designator Values Unit
Min..2 Typ. Max.

WT High to Data Bus Valid twrpv 40 60 ns
(TEMP register output)
WT High to REQO, ACKO High| tsTra 2tep+ 5 3t F+ 80 ns
(Set ACK/REQ command)
WT High to REQO, ACKO Low | !RTRA 2tgr+ 5 3tor+ 80 ns
(Reset ACK/REQ command)

Notes: 1. Timing sequences not shown here conform to the asynchronous transfer timing sequence.
2. Refer to “Clock Signal” timing for definition of tc; r.

L VA W

(TEMP)! (ScMp) ' 1+ (scmp) !
' tsmA:o: tRTRA |
REQO (TARGET) '
ACKO (lr\(HTIATOR) } 1 A )
{4-’: twrov
]

spBo7-sDB00, speoP___ X////777/X
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AC CHARACTERISTICS (Continued)

Values
Parameter Designator Unit
Min. Typ. Max.
WT High to ATNO High/Low 2t et 5
(Set ATN command and Reset |  tamno CLF 3toir+ 90 ns
ATN command) (Note)
Note:

1. Refer to “Clock Signal” timing for definitibn of to ¢.

ANO . oTTmmm X
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AC CHARACTERISTICS (Continued)
SCSl Interface (Bus Free)

. Values
Parameter Designator Unit
Min. Typ. Max.
St r+ 70 ns
t CLF
BSYI Low to INIT Low BLIT (Note)
INIT Low to Bus Clear titer 20 50 ns
BSYI Low to INTR ngh t&un GtCLF"' 75 ns
Note:
1. Refer to “Clock Signal” timing for definition of tg; ¢.
U
BSYI 1
!
Jl"_ teur _'=
INIT ! \
i
L} 1
: ll‘_.l tirer
1
ATNO ' . ‘{
! 1
[} [}
4 !
ACKO | .\
T
1 ]
! |
SDBO7-SDBOO, SDBOP X
T I
! 1
]
. :
! I
SDBE7-SDBEO, SDBEP : . X
1
! 1
:‘ taLR g
INTR Y
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AC CHARACTERISTICS (Continued)

Values
Parameter Designator Unit
Min. Typ. Max.

WT High to BSYO Low 3t e+ 80
(SCMD register) twrLs (Note) ns
WT High to TARG Low t
(SCMD register) WTGL 3t e+ 80 ns
TARG Low to Bus Clear traer 20 50 ns

Note:
1. Refer to “Clock Signal” timing for definitibn of tc, ¢.

" U ,

(SCMD) 'h‘_" twraL—™
i |

CoA

L]

i

I b

e twas  @—! track

TARG

|
BSYO l\

MSGO

C/DO

/100

REQO

SDBO7-SDBO0, SDBOP

sDBE7-SDBEO,SDBEP ______ -
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AC CHARACTERISTICS (Continued)

Values
Parameter Designator Unit
Min. Typ. Max.
WT High to SELO Low 3tcr+ 80
(INTS register) twsL (Note) ns
WT High to Data Bus Disable t
(INTS register) WDBL 3t p+ 105 ns
WT High to TARG or INIT Low
(INTS register) twri 3tcyp+ 80 ns
TARG Low to I/00 Low traio 10 30 ns
WT High to INTR Low
(INTS register) twiRL 3t e+ 105 ns
Note:
1. Refer to “Clock Signal” timing for definition of to ¢

SELO

BSYI

SDBO7-SDBO0, SDBOP

SDBE7-SDBEO, SDBEP

twrL —":
TARG or INIT I 2\
i
i
: e trgio—>
1100 4 }'
[ twinL =} 1
INTR (Timeout) '
A
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MB87030/31

AC CHARACTERISTICS (Continued)
SCSI Interface (Reset Condition))

Parameter

Designator

Values

Typ.

Max.

Unit

WT High (bit 4 of SCMD register)
to RSTO

trsto

35

55

ns

Reset Delay

tRsop

70

115

ns

___{

(SCMD)

SDBE7-SDBEO, SDBEP

- - - - - - - " - - - - - - = o = of
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AC CHARACTERISTICS (Continued)

ignal Rec

Parameter

Designator

Values

Min.!

Typ.

Max.

Fast Track to SCS!

Unit

RSTI Pulse Width

tsriw

3toir

ns

Reset Delay

tasip

41 e+ 115

ns

Note:

1. Refer to “Clock Signal” timing for definition of tc .

1
:‘— tsRw—1

ATNO

SDBO7-SDBO0, SDBOP

- o - - - - - - - O - .

SDBE7-SDBEO, SDBEP

I P .

CAPACITANCE (T =25°Cp, Vpp=0V,f|=1MHz)

Parameter

Values

Designator

Min

Typ

Max

Unit

Input Pin Capacitance

Cin

pF

Qutput Pin Capacitance

Cour

pF

I/O Pin Capacitance

Cvo

1

pF

144



Fast Track to SCSI

MB87030/31

GRID ARRAY

88-Lead Ceramic Pin Grid Array

PGA-88C-A01

(CASE No. PGA-88C-A01)

30.10(1.185)
(30.86(1.215)
IN-
DEX
AREA
30.10(1,185) 0.89(,035) |
(30.86(1.215) 1.52(.060)
£35(250)|
MAX

Dimensions in
inches (millimeters)

(100 4.010)

3.81(.160)

m=

L

8
Ococancaacan@®
L T - W™

[-N -9
Q o
[-y-9

88-LEAD CERAMIC PIN GRID ARRAY

DIA /

1.27(.050) TYP DIA

ddd
ddd

d
d

aca

o oo

Qo

a e oo

[ =T - P - P R T T - P T N W P

EXTRA
INDEX PIN

[-SN-y -
e a a
a o
. o,

Oaoaoncanacncc®

[ -9

| 2540025

R88002SC-3C|
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GRID ARRAY (Continued)
100-Lead Plastic Flat Package

FPT-100P-MO1

100-LEAD PLASTIC FLAT PACKAGE
(CASE NO.: FPT-100P-MO1)

146




MB87033B
SCSI Protocol Controller (SPC)
with On-Chip Drivers/Receivers

GENERAL DESCRIPTION

The MB87033 SCSI Protocol Controller (SPC) is a CMOS LSl circuit specifically designed to
control a Small Computer Systems interface (SCSI). The MB87033 rounds out Fujitsu’s SPC
family of protocol controllers by providing software enhancements and other functional
features that will meet all facets of the SCSI specification (ANSI X 3.131-1986).

To achieve optimum performance and interface flexibility, the MB87033 provides an 8-byte
First-In First-Out (FIFO) data buffer register and a 28-bit transfer byte counter which allows
burst transfers of up to 256 megabytes. To improve programming requirements, “Attention
Detect” and “Arbitration Fail” interrupts are provided and on-chip driver/receiver circuits
simplify interface connections. Data transfers can be executed in eitherthe asynchronous or

synchronous mode with a maximum offset of 8-bytes.

SCSI Compatibility

¢ Supports all commands.

¢ Software compatible with MB87030/31

» Serves as either INITIATOR or TAR-
GET

Data Bus
+ Independent buses for CPU and DMA
controller

Transfer Modes

¢ Asynchronous ,

» Synchronous mode transfers with pro-
grammable offset of up to eight bytes
(8-Byte FIFO)

Data Transfer Speed

¢ Up to a maximum of 5-megabytes/sec

Selectable Operating Modes
DMA transfer

Program transfer

Manual transfer

Diagnostic

L]

Interface

* On-chip single ended Drivers/Receiv-
ers

o Guaranteed to sink 48mA regardless of
the number of outputs simultaneously
asserted.

Enhancements

On-chip parity generation
Attention condition detect interrupt
Arbitration fail interrupt

8 byte FIFO

28 bit counter

Clock Requirements

¢ 10 MHz clock
Technology/Power Requirements
¢ Silicon-gate CMOS

¢ Single +5V power supply
Available Packaging

¢ 84-pin plastic leadless chip carrier
¢ 80-pin plastic flat package
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ABSOLUTE MAXIMUM RATINGS!

. Values .
Rating Symbol Unit
Min Max
Supply Voltage Voo Vss2-0.3 6.0 \"
Input Voltage Vv, Vss2-0.3 Vpp + 0.3 \
Output Voltage? Vo Vss2-0.3 Vpp +0.3 \'
Storage Temperature (Ceramic) Tsta -85 +125 °c
NOTES:
1. Permanent device damage may occur if the above Absolute Maximum Ratings are exceeded.

Functional operation should be restricted to the conditions as detailed in the operational sections of this
data sheet. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

Vgg = OV.
3. Not more than one output may be shorted at a time for a maximum duration of one second.
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MB870338

MB87033 BLOCK DIAGRAM
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MB870338 Fast Track to SCSI
Transfer PIN ASSIGNMENTS
80-Pin Plastic Flat Package
Z09 < F] |
PRI EERE-EF E
//ao 79 78 77 76 75 74 7372 71 70 69 68 67 66 65
RESET 1 | ——Jt5
Vss 1| 2 63| C——7 vss
oren 11| 3 Pin 1 Index 62 % INT2
ne C— 11| 4 61 NC
ne C_— 1| s 60| —_1 rc
[o):L 00— so | —] AN
ves ] 7 58 :: Vss
os;, C——11| s 57| E——7 Bsv
os, C— | o 86 | 0——uJ ®K
oss 1| ss | ———1 msT
Voo C_——] | » sa | 1 wsa
vss T——] | 53| E——1 Vss
ves C——] | s s2 | e Vgs
o): P I 7 51| E——1 vop
L2z e— N T so | ——1 ser
DB, 16 |l Joo
LoL:o0 — Y | ] rReQ
Vss 1 | 18 4 vss
os, C——1 | 46 vo
ne C—] |2 45 NC
o C— | = 4 NG
L= — P 43 OPER
Vss I% 23 42 vss
DRESP 24 4 TR
25 26 27 28 20 30 31 3233 34 35 35 37 38 30 40
OXIIIXIIIXIIC<<I quuul—l
§2888888888 e=ro
©C = N W & O @ ~N

150



MB870338

Fast Track to SCSI

PIN ASSIGNMENTS

84-Pin Plastic Leadless Chip Carrier

(Top View)

digz9338z8z98 382z

minininininininisinininininisinisiniai

11109 8 7 6 5 4 3 2 184 83828180797877 7675

mmmmmmmmmmmmmmmmmmwmm
on
NRANRKRZILBEIVEBIBLHREI

P IR A L L)

TITITIX

mmmmmmwmmwmmmmmmmmmmm
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MB87033B Fast Track to SCSI
PIN DESCRIPTIONS
Pin Number
Designator Function
FPT PLCC
When set to the active-low state, an asynchro-
1 c RESET nous reset signal that clears all internal circuits
of the SPC.
2.7, 1,2 Vss Power supply ground.
12,13 8,13
18,23 32,36
42,47 43,44
52,58 50,55
58,63 74,78
3,43 — Open Reserved. (Note: Do not make external
connections to these pins.)
4,5 4,10 NC No internal connection. (Note: These pins must
20,21 11,12 be open connections at all times.)
44,45 33,34
60,61 39,41
46,52
53,75
76,81,83
8 79 DB7 Inputs/outputs for the SCSI data bus; these I/O
9 80 DB6 pins connect directly to the SCSI connector.

10 82 DB5 DB7 is the MSB; DBO is the LSB. DBP is an

14 3 DB4 odd parity bit.

15 5 DB3

16 6 DB2

17 7 DBT

19 9 DB0

6 77 DBP
11,33 2,21,22,42 vDD +5V power supply.
51,73 44,63,65,84

22 TEST Reserved for test functions. (Note. Do not
make external connections to these pins.)

24 14 DRESP DRESP is a response signal to the data trans-
fer request signal DREQ. The DRESP pin must
be refreshed with an applied pulse after each
byte of data is transferred. In the DMA mode,
DRESP is used as a timing signal for comple-
tion of a data-byte transfer.
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MB87033B

PIN DESCRIPTIONS

Pin Number

FPT

PLCC

Designator

Function

25

15

DREQ

When executing a data transfer cycle in the
DMA mode, DREQ is used to indicate a request
for a data transfer between the SPC and exter-
nal buffer memory. In the DMA mode, routing of
data is as shown below.

Output Operation: External buffer memory to
SPC to SCSI bus.

Input Operation: SCSI bus to SPC to external
buffer memory.

In an output operation, DREQ becomes active
to request a data transfer to the external buffer
memory when the FIFO contains valid data.

26

16

HIN

Indicates direction of transmission along data
bus lines HDBO-HDB7 and HDBP in the DMA
transfer mode. To be executed, direction of
transmission must be properly coordinated with
internal operation of the SPC. When HIN is low
(inactive), the data bus lines are placed in the
high-impedance state (input mode). When HIN is
high (active) all bus lines are switched to the out-
put mode.

25
24
22
21

19
18
17
26

HDB7
HDB6
HDBS
HDB4
HDB3
HDB2
HDB1
HDBO
HDBP

3-state bidirectional data bus for transferring
data to or from the external buffer memory in the
DMA mode. As shown below, the direction of
data transmission depends on the HIN input sig-
nal.

HIN HDBn Operation
L Input Mode Output
H Output Mode Input

30-27

A3-A0

Address input signals for selecting an internal
register in the SPC. The MSB is A3; the LSB is
AO. When TS is active low, read/write is en-
abled and an internal register is selected by
theds% gddress inputs via data bus lines DO-D7
an .

41

31

CLK

Input clock for controlling internal operations
and data-transfer speeds of SPC.
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PIN DESCRIPTIONS (Continued)

Pin Number
Designator Function

FPT PLCC

57 49 BSY Input/output control signals for SCSI bus.

50 40 SEC

48 37 REQ

56 48 ACK

54 45 MSG

49 38 TID

46 35 70

59 51 ATN

55 47 RST

62 54 INT2 A non-maskable interrupt request signal that
indicates a reset condition on the SCSI bus.

64 56 Ccs Selection enable signal for accessing an inter-
nal register in the SPC. When CS is active low,
the following signals are valid: RD, WT, A0-A3,
D0-D7 and DP.

65 57 WT Input strobe used for writing data into an internal

register of the SPC; this signal is asserted only if
TS is active low. On the trailing edge of WT,
data placed on data bus lines DO-D7/DP is
loaded into the internal register selected by ad-
dress inputs AO-A3, except when all address
lines are high (A0-A3 = H).

66 58 WTG While this signal is active low, data placed on
data bus lines DO-D7/DP is output to
HDBO-HDB7/HDBP provided the following input
conditions are satisfied:

CSandHIN=H

A0-A3=H
67 59 RD Input strobes used for reading out contents of
68 60 RDG internal register; strobes are effective only when

TS is active low. When RDG is active low, the
contents of an internal register selected by ad-
dress inputs AO—A3 are placed on data bus
lines DO-D7/DP. For a data transfer cycle in the
program transfer mode, the trailing edge of RD
is used as a timing signal to indicate the end of
data read.

154



_Fast Track to SCSI
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PIN DESCRIPTIONS (Continued)

Pin Number
Designator Function
FPT PLCC

69 61 DO Used for writing or reading data into or from an

70 62 D1 internal register of the SPC; these bus lines are

71 63 D2 3-state and bidirectional. The MSB is D7; the

72 64 D3 LSB is DO. DP is an odd parity bit.

74 66 D4

75 67 D5

76 68 D6

77 69 D7

78 49 DP When the TS and RDG inputs are active low,
contents of the internal register are output to
the data bus (read operation). In operations
other than read, these bus lines are keptin a
high-impedance state.

79 50 DPO An odd parity output for data byte D7-DO.

DPO represents an output when D7-DO/DP are
placed in a high-impedance state; DPOisin a
high-impedance state when D7-DO/DP serve
as outputs. If a parity bit is not generated for
external memory, DPO can be used as an input
for DP.

80 51 INTR When active high, requests an interrupt to indi-
cate completion of an SPC intemnal operation
or the occurrence of an error; the INTR inter-
rupt request can be masked by user software.
When an interrupt request is honored, INTR
remains in the active state until cause of the
interrupt is cleared.
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ADDRESSING OF INTERNAL REGISTERS

The MB87033 SPC contains16 byte-wide registers that are externally accessible. These
registers are used to control internal operations of the SPC and also to indicate
processing/result status. A unique address, identified by address bits A3—AO, is assigned to
each of the sixteen registers. These addresses are defined in Table 1.

Table 1. Internal Register Addressing

Address Bits
Register Mnemonic{ Operation | Chip Select(CS)| A3 A2 A1 A0
Bus Device ID BDID R 0 0 0 0 0
w
R
SPC Control SCTL 0 0 0 0 1
W
R
Command SCMD 0 0 0 1 0
w
R
Transfer Mode TMOD 0 0 0 1 1
w
Interrupt Sense R
INTS (o] 0 1 0 0
Reset Interrupt w
Phase Sense PSNS R
0 0 1 0 1
SPC Diagnostic Control SDGC w
SPC Status SSTS R 0 1 1 0
SPC Error Status SERR R 0 1 1
R
Phase Control PCTL 0 1 0 0 0
W
Modified Byte Count R
0 1 0 0 1
Extended Transfer Count MBC w
R
Data Register DREG 0 1 0 1 0
w
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MB870338

Address Bits

Register Mnemonic| Operation Chip Select (CS) | A3 A2 At AO
Bus Device ID BDID R
0 0 0 0 0
W
R
SPC Control SCTL 0 (o] 0 0 1
w
R
Command SCMD 0 0 0 1 0
w
R
Transfer Mode TMOD 0 0 0 1 1
w
Interrupt Sense R
INTS 0 0 1 0 0
Reset Interrupt W
Phase Sense PSNS R
0 0 1 0 1
SPC Diagnostic Control SDGC w
SPC Status SSTS R 0 0 1 1 0
SPC Error Status SERR R 0 0 1 1 1
R
Phase Control PCTL 0 1 0 0 (o]
w
Modified Byte Count R
MBC 0 1 0 0 1
| _Extended Transfer Count w
R
Data Register DREG 0 1 0 1 0
w
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Table 1. Internal Register Addressing (Continued)

Address Bits
Register Mnemonic | Operation | Chip Select(TS) | A3 A2 A1l A0

R

Temporary Register TEMP 0 1 0 1 1
W
R

Transfer Counter (High) TCH 0 1 1 0 0
W
R

Transfer Counter (Middle) TCM 0 1 1 (o] 1
w
R

Transfer Counter (Low) TCL 0 1 1 1 0
W
R

External Buffer EXBF 0 1 1 1 1
W
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BIT ASSIGNMENTS FOR INTERNAL REGISTERS

Table 2 lists the bit assignments for the sixteen internal registers defined in Table 1. In most
cases, bit assignments for the MB87033 SPC are identical to those for the MB87030/31;
however, in the MB87033, some features are expanded and others are added to improve
overall performance. These modifications and additions are summarized in the following
descriptions.

MPU Bus Parity Generator: An odd parity bit is output from DPO (pin 79 in FPT, pin 50 in
PLCC) for each data byte (D7-D0). DPO is a 3-state pin and is placed in a high-impedance
state when data from D7-D0 is output to the MPU. If the MPU interface does not contain a
parity generator, the output of DPO can be connected to the DP input pinof the SPC (pin 78 in
FPT, pin 49 in PLCC).

Reset Condition Interrupt Request Signal

The INT2 output (pin 62 in FPT, pin 33 in PLCC) is a non-maskable interrupt request that,
when driven High, notifies the SPC when a reset condition is detected onthe SCSI bus. Bit 4
(Reset Condition Interrupt Mask Enable) of the Phase Control (PCTL) register does not affect
the INT2 output pin.

When a bus reset condition is detected, the INTR output (pin 80 in FPT, pin51in PLCC) also
is driven to the high state; however, the state of INTR can be masked by bit 4 of the PCTL
register:

Bit4 =0: INTR goes high when a reset condition is detected.
Bit4=1: INTR does not go high when a reset condition is detected.

Lost Arbitration Interrupt Request

If bit 6 (Lost Arbitration Interrupt Enable) of the phase control (PCTL) register is setto “1”, a
COMMAND COMPLETE interrupt is generated when the SPC (serving as initiator or target)
loses in the ARBITRATION process. To determine the cause of a COMMAND COMPLETE
interrupt (completion of SELECTION, RESELECTION, or lost ARBITRATION), refer to bits 6
(target) and 7 (initiator) of the SPC status (SSTS) register. If both bits are set to “0”, the
COMMAND COMPLETE interrupt is a result of lost arbitration.

Attention Condition Interrupt

If bit 5 (Attention Condition Interrupt Enable) of the phase control (PCTL) register is setto “1”
and the SPC serves as a target, a service required interrupt occurs. To reset the service
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required interrupt, set bit 3 of the interrupt sense (INTS) register to “1” or revoke the current
target role of the SPC.

Expansion of Transfer Byte Counter

If bit 0 of the transfer mode (TMOD) register is setto “1”, the transfer byte counter is expanded
to 28-bits. Inthe expanded mode, the high nibble (bits 24 through 27) are entered into the four
most significant bit positions (7 through 4) of the modified byte count (MBC) register.

Note: When a hardware data transfer or execution of a SELECT command is in process,
access to the TMOD register is forbidden.

Bit 0 of the TMOD register =1: To access the highest four bits (bits 27 through 24) of the
transfer byte counter, data reads or writes are addressed to the high nibble of the modified
byte counter (MBC) register. When a TRANSFER or SELECT command is issued, the
transfer byte count (or twait) should be placed in the high nibble of the MBC register rather
than the TCH, TCM, and TCL registers.

Bit 0 of the TMOD register = 0: The transfer byte counter is not expanded to 28-bits; hence,
reading the high nibble of MBC yields a “0” even though some particular value is written into
the register. In this case, twait or the transfer byte count is based on a 24-bit transfer byte
counter (identical to the MB87030/MB87031).

During read/write access of an internal register, the following rules are invoked:

o Internal registers include only those registers identified in Table 2.

* A write command to a read-only register is ignored.

¢ Forwrite operations, all bit positions with a “—” (blank) designator can be written as
“0" or “1”.

s Al bit positions with an assigned “0” are always read as a zero (0).
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Table 2. Bit Assignments For Internal Registers
Register | R/'W
HEX and Oper- 7 6 5 4 3 2 1 0 | Parity
Address | Mnemonic| ation | (MSB) (LSB)
Bus R #7 #6 #5 #4 #3 #2 #1 #0 0
0 Device ID | i ] N i ] | ]
(BDID) w SCSI Bus Device ID -
1D4 1D2 D1
SPC R | Reset [Cont- | Diag | ARBIT| Parity | Select | Resel-| INT
1 Control & Dis—|rol ect P
(SCTL) w |able |Reset | Mode | Enable| Enable | Enable| Enable| Enable
Command R RST | Inter— | Transfer] Modifeq Term
SCMD cept PRG Mode P
2 ( ) W Command Code Out Xfer Xfer 0
Hgnger i Syne. Xt
Max. Transfer Min. Transfer er P
3 (TMOD) w Xfer Offset Period Counte
Expand
4 2 1 2 1 0
Interrupt R Selec-| Resel-| Discon{ Com— | Ser— Time | SPC | Reset
Sense ted nect mand | vice Re{ Hard | Condi— p
4 (INTS) ected Comp—{ quired | Out Eror | tion
plete
w Reset Interrupt -
Phase R REQ | ACK ATN |SEL |BSY MSG | C/D |WO P
Sense :
(PSNS)
®  ['sPCDiag . . . -
Control w Diag | Diag _ __ | Diag Diag Diag | Diag _
(SDGC) REQ | ACK BSY MSG cD |10
SPC R Connected SPC | XFER | SCSI | TC=0 | DREG,Status
Status In Pro— P
6 (SSTS) INIT | TARG | BSY |gress | RST Full | Empty
w —_ —_
SPC Data Error 0 0 TC
7 Error R |scsi | spc Parity | Phase | Short |Offset| P
Status Error Error | Period | Error
(SERR) W
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Table 2. Bit Assignments For Internal Registers (Continued)

Register | R’'W
HEX and OPQr. 7 6 5 4 3 2 1 0 paf“y
Address | Mnemonic| ation | (MSB) (LSB)
Bus |Arbitra{ Attentiory Reset
Phase R Free |tion Condi- | Condi- Transfer Phase
Control Inter— | Fail In-| tion In- | tionIn-] O
8 (PCTL) w rupt |terrupt | terrupt | terrupt gfte 8’3 Ié?n P
Enablg Enable| Enable | mask
g/l;gified R Extended Transfer Counter MBC
9 Counter
(MBC) Bit27 |Bit26 | Bit25 | Bit24 | Bit3 Bit2 Bit1 |Bito-
Data R Internal Data Register (8 Byte FIFO)
Register P
A (DREG) w Bit7 | Bit6 | Bit5 l Bit4 | anl Bit2| Bit1 | Bit0)
Temporary| R Temporary Data (Input: From SCSI) P
B Register Bitz | Bitc | Bits | Bit4a | Bit3| Bito | Biti | Bito
(TEMP) w Temporary Data (Output: to SCSI) P
Bit7 | Bit6 | Bit5 | Bit4 | Bit3| Bit2 | Bit1 | BitQ
| ] ) 1 | 1 1
Transfer R
c Counter Transfer Counter High (MSB) P
High
(TCH) w Bite3, Bit22; Bit21; Bit20| Biti§ 18Bity 17Bit; 165t
I 1 | | | | |
Transfer R
D Counter Transfer Counter High (2nd Byte) P
Mid.
(TCM) w Bit15| 14Bit] 13Bitj 12Bit] 11Biy 10Bity 9Bit j 8Bif
1 I 1 1 ) ] T
Transfer R
E Counter Transfer Counter High (LSB) P
Low
(TCL) w Bit7 6Bit 5Bit  4Bit 3Bit 2Bit 1Bit 0Big
External R External Buffer
F Buffer P
(EXBF) w | Bi7 | e | 5Bit | 4Bit [ 3an| 2git | 18t | osif
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MB870338

DC CHARACTERISTICS
(Recommended operating conditions unless otherwise specifled)

SCSI Bus Pins

. Values
Parameter Designator Condition Min Typ Max Unit
Input Voltage ViH 20 5.26 \"
Vi 0.0 0.8 v
Input Current ™ Vi =5.25V 10 mA
I Vi =0.0V -10 mA
Output Voltage Vou Vpp = 4.75V 0.5 Vv
IOL =48 mA
Input Hysteresis Width Vuw 0.2 Vv
Other than SCSI Bus Pins
Values .
Parameter Designator Condition Min Typ Meax Unit
Input Voltage Viu 2.2 Vop+03 | v |
Vi Vss—0.3 0.8 '
Output Voltage VoH lon =-0.4mA 4.2 Vpp \Y
VoL loL = 3.2mA Vss 0.4
Input Leakage Current lun Viy = 5.25V 10 mA
lun V=00V -10 mA
Input/Output LN Vi = 5.25V 10 mA
Leakage Current Iun Vi =0.0V -10 mA
Supply Current oo 10 MHz Clock 30 mA
Outputs Open
TA =0-70°C, Vpp + 5V + 5%
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DC CHARACTERISTICS (Continued)
(Recommended operating conditions unless otherwise specified)

Capacitance

Values .
Parameter Designator Condition Min. 'T'yp. Max. Unit
Input pin capacitance Ci Ta = 25C, Vpp= V|=0V, 9 p!
f - 1MHz
Output capacitance Cout Ta = 25C, Vpp= V=0V, 9 p'
f—1MHz
11O pin capacitance *2 Cio Ta = 25C, Vpp= V|=0V, 1 pt
f— 1MHz
1/O pin capacitance *3 Cio Ta = 25C, Vpp= V=0V, 30 pf
f—1MHz

Notes: 1. SCSI bus Pins are DB7-DB0, DBP, RST, SEL, /0, T/D, MSG, ATN, REQ, ACK, and BSY.
2. For all I/O pins except SCSI bus pins.
3. For SCSI bus pins only (see note 1.)
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AC CHARACTERISTICS
SCSi signal timing chart is described as follows:

scsl [0 o ®

Notes: 1. Output“L"
2. No device is outputting “L".
3. The other device is outputting “L".

i tcLr >

clk —4 /4

. Values
Parameter Designator Unit
Min Typ Max
Clock cycle time tor 100 200 ns
Clock *H" Pulse width tcHoL 50 ns
Clock “L” Pulse width tcicH 40 ns
EEEE—
RESET \
- tRsTW |
Values
Parameter Designator Unit
Min Typ Max
Reset Pulse Width tRsTW 50 ns
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AC CHARACTERISTICS (Continued)
Register Write (except EXBF)

A3-0
taws
— tawn
tcws
re -t twr tewH
WT \ —
N\ A
WTG! \ y
towH
je— tpws
D7-0,P )
topv
DPO P et

Parameter Designator Values Unit
Min Typ Max
Address set-up taws 35 ns
Address hold tAWH 5 ns
—C'_S‘Tset-up tcws 20 ns
TS hold tcwH 10 ns
Data bus set-up tows 25 . ns
Data bus hold towH 20 ns
WT Pulse width twr 50 ns
Data bus valid — DPO valid topv 55 ns
Note:  *1 WTG s input at the same timing as WT or held to “H".
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AC CHARACTERISTICS (Continued)

Register Write (EXBF)
A3-0
1
AWSE — tawn
s T\ —
tcRse .
- CWHE
A
WT \ Y
\arey "\ e
! \ /
< twiHD -—I f*— twHHD —™
D7-0,P
tDHD ICHD
DPO e ) &

Values

Parameter Designator i T a‘a":
Address set-up taws 35 ns
Address hold tawhe 5 ns
TS set-up towse 20 ns
CS hold tewhe 10 ns
WTG “L" — DMA pulse twihd 55 ns
output valid
WTG “H” — DMA pulse twhhd 10 ns
output invalid
MPU data bus — DMA bus | tgpg 50 ns
delay

Note:

*1 WTG is input at the same timing as WT or held to “H".
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AC CHARACTERISTICS (Continued)
Register Read (except EXBF)

A3-0 X 4
tARs tARH
[o13] —_— [
N\ /
fegs trD tcrH
RD — \ )
\ 4 :
e~ tRLD tRHHZ
tRNZ tRHD
07-0,p XZo—
torz

L L g
T

N
DPU [4"' o .n""’ o ‘v""‘,..-"

Paramet Designat Values Unit
meter ator n
9 Min Typ Max
Address set-up tARs 35 ns
Address hold tARH 5 ns
TS set-up tcrs 20 ns
TS hold tcRH 10 ns
RDG “L" — Data bus 40
ourpur valid tRLNZ 10 ns
RDG “H" — Data bus tRHHZ 10 40 ns
ourpur valid
RD “L" — Data Valid |_P7-0 taLD 70 ns
DP 85 ns
RD “H" — Data Invalid tRHD 10 ns
RD Pulse width trD 50 ns
*1 RDG “L" — Data High-Z torz 10 40 ns
*1 RDG “H" — DPO toro 10 40 ns

Note:  *1=DPO goes to High-Z when both RDG and TS are “L".
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AC CHARACTERISTICS (Continued)

Register Read (EXBF)

A3-0

D7-0,P

DPO

X
tARsE
— tARHE
\
tcrse
{cRHE
) \ / {
_—
N /
I/
I\G tHoD
ja— {RLNZ

e
I".‘ l"l‘ o

Note: *1:: RDis input at the same timing as RDG or held to “H".

P . Designat Values Unit

arameter esignator T Tve. Ty n
Address set-up tARSE 35 ns
Address hold tARHE 5 ns
TS set-up tcrse 20 ns
TS hold tcRHE 10 ns
RDG “L" — Data bus output tRLNZ 10 40 ns
RDG “H” — Data bus High-Z tRHHZ 10 40 ns
DMA bus — MPU data tpp 50 ns
bus delay
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AC CHARACTERISTICS (continued)
DREG Access Cycle Time

Fast Track to SCSI

WT or RD —_\

—i— —

— tDCY‘l ——

tocy2

X

Values
Parameter Designator Unit
Min. Typ. Max.
DREG access cycle time (2) | tpcyt Mo ns
DREG access cycle time (1) | tpcy2 3oL ns

Parameter

Designator

Max

Unit

SCMD register access cycle
time

temey

AtoLr

ns
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AC CHARACTERISTICS (continued)

MB870338B

WT——_\_J

INTR

tircy

INT2

Parameter Designato Values
esignator
g Min. Typ. Max. Unit
WT “H" — Interrupt output| t
(INTR.INT2) “L" WHR toLr daar + 90 ns
INTS register access
cycle time tircy AtcLr ns
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AC CHARACTERISTICS (continued)
DMA Access Cycle Time

DREQ — _\
torRrp  tRPDR| tpLDH

T ] ~—=1¢- toLRP
"

tRPsw

DRESP ]

troy1

tRey2 >

Parameter Designator Values Unit
Min. Typ. Max.
DREQ “H" — DRESP “H" toRRP toLr ns
DRESP “H" — DREQ“L" tRPDR 5 70 ns
DREQ“L" — DREQ“H" toLoH 0 ns
DRESP Pulse Width tRPsW 50 ns
DRESP Cycle time (1) treys 2loLF ns
DRESP Cycle time (2) they2 3toLr ns
DREQ*“L" — DRESP “L" tDLRP SteLr ns

Note: *1 : This parameter is applicable when the data buffer hold function or the Transfer Pause
command is used and DREQ goes low asynchronously to DRESP. Under these conditions,

data cannot be written to the data buffer until tDLRP and tRPSW are satisfied.
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AC CHARACTERISTICS (continued)

4
HIN ——— _
tHiHo tHiHZ
HDB7-0,P ) e——
Values
Parameter Designator Unit
Min Typ Max
HIN *H" — DMA bus output | tyy0 ScLF 40 ns
HIN “L” — DMA bus High-Z| tumz ScLr 40 ns
DMA Transfer (1) — Data Input from SCSI
4
DREQ et
DRESP
torRov  — treDV
HDB7 —0,P [ o o
(Output) A

Values
Parameter Designator Unit
Min Typ Max

DREQ “H" — Outputdata | tprov 60 ns
valid

DRESP “.." — Outputdata'| trppy 15 90 ns
switch

Note: *1:

from Empty.

This parameter is applied when the internal data buffer goes Not Empty
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AC CHARACTERISTICS (continued)

DRESP J

HDB7 -0,P I\

(Input)

Values .
Parameter Designator Unit
Min. Typ. Max.
Input data set up tHpBs 20 ns
Input data hold tHDBH 20 ns
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6.5.14 Selection (1) Initiator (with Arbitration)
A / \
BSY ____/ tarBL A\ y, R
- >la— g 5L >
taLsH
tipeH — -
SEL \ - —
/
tBLID — b— tgippA —=
DE7-OF [ X ) ¢
ATN
N
Item Symbol Min. Typ. Max. Unit
Bus free— BSY ‘L' *1 tarBL (6+n) tor ¢ (7+n) tc F+80 ns
BSY ‘L’ - sends its own taLD 10 60 ns
ID bit
B‘SY ‘' = SELL teist 32tCLF - 40 32tCLF +30 ns
SEL'L' > D, ATN tsipa 11tgr =30 11toLr — 60 ns
send
ID send — BSY ‘H’ tiosH 2tcLr - 60 2tcr - 30 ns
BSY ‘L' — SEL *H'. ID taLsH 2oLr 3toir + 120 ns
hold
Note *1:n = TCL register setting
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6.5.15 Selection (1) Initiator (with Arbitration)

BSY ——-/
tBLSH |
SEC \ e
ft— trRiD — tiosL —-——->\——/
DB7~OP > <
ATN \
Item Symbol Min. Typ. Max. Unit
Bus free — ID send *1 trRID (6+n) toiF (7+n) toLF + 100 ns
IDsend - SEL'L,ATN L' | tps. 1icir - 60 11tgF + 40 ns
BSY ‘L'—> SEL ‘H". ID hold taLsH 2ter 3oL + 120 ns
Note:  *1:n = TCL register setting ‘

176



Fast Track to SCSI

MB870338

6.5.16 Selection (3) Target (with Arbitration)

SEC —K tSLBH tsLBH taLsH
tioBH
be— 3D
DB7~O,P
le—— tons _.l tsHPH

we — N

Item Symbol Min. Typ. Max. Unit
SELL — BSYH tsLeH 0 ns
ID confirmation — BSY ‘H’ tioBH 0 ns
VO ‘H' — BSY'H tions 0 ns
BSY ‘H— BSY 'L taHBL dtorF St + 80 ns
BSY 'L'— SEL'H taLsH 0 ns
BSY ‘L' — ID hold taLp 30 ns
SEL ‘H’ phase signal output | ISHPH 3teir Ateyr + 100 ns
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6.5.17 Selection (4) Target (without Arbitration)

BS N
pe—— 15 taLsH
SEC \ )
tiosL tsLip
DB7~-0OP
tioHs tSHPH

Item Symbol Min. Typ. Max. Unit
ID confirmation — SEL 'L’ tiost 0 ns
/O 'H' — SEL'L tioHs 0 ns
SEC'L' — BSY'L tsLeL 2toLF 3teLr + 100 ns
BSY ‘L'— SEL‘H’ tLsH ns
BSY ‘L' — ID hold taLip ns
SEL ‘H' — phase signal output | IsHPH 3toLr 4tc r + 120 ns
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6.5.18 Reselection (1) Target

BSY AN
tareL -t tg g —> j—|
SEL \ tikeH taigo t8oSH /—
tBLID \ /
tsiop
DE7~O,P > > <
l(e]
Item Symbol Min. Typ. Max. Unit
Bus free — BSY ‘'L’ 1 tarBL (6+n) tcLr (7+n) tcir + 80 ns
BSY ‘L' —sendsitsown ID bit | tg p 10 ns
BSY ‘U'— SEC 'L taLsL 32tc r - 40 32t oL + 30 ns
SEL ‘L' — ID, phase signal tsiop 111gLr - 30 11t¢ + 60 ns
send
ID send — BSY ‘H’ tioaH 2tc F - 60 2tcLF + 30 ns
BSY 'L'— BSY 'L’ send tBiBO 2t F 3Tee + 90 ns
BSY ‘L' send — SELID hold | tBosH tcLF - 20 tor + 60 ns

Note: *1:

n = TCL register setting
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6.5.19 Reselection (2) Initiator

. tsHeB
o tsLeH o taHBL . taLsH
SEC _*
tipeH tsLip
DB7~0,P
tiog = _
- taLio

Item Symbol Min. Typ. Max. Unit
SEC L — BSY 'H' tsLBH 0 ns
ID confirmation — BSY ‘H’ YoH Y ns
/o 'L —> BSY'H' tioLs 0 ns
BSY H— BSY L taHBL 4tcrr StcLr + 80 ns
BSY L'—> SEL'H' tBLsH 0 ns
BSY 'L’ — 1D hold taLiD 30 ns
BSY ‘L' — 1/O signal hold taLi0 20 ns
SEL ‘H' — BSY 'L send stop tsHBO 2leLF 3te p + 100 ns
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6.5.20 Asynchronous Transfer Initiator (1) REQ-ACK Timing

- trAC1

TN

N\
Item Symbol Min. Typ. Max. Unit
*3 REQ'L - ATKL traoL 15 90 ns
ACTK'L' > REQ'H taoLr 0 ns
*3 REQ'L - ATRH tRACH 15 100 ns
ACK‘H' — REQ'L taoHR 10 ns
'1,1:3 'HEG H — m N tRAC1 Z‘CLF 3tCLF +120 ns
*1*3 TREQ'H — ACK'H' traC2 2teLF 3toLr + 130 ns

Notes: *1: The time for REQ ‘H' — ACK'L is determined by the longer of (tracH + tackr + traoL) and

traci-

*2:  Apply for input operations. The time of REQ'L' — ATK'H' is determined by the longer of
(traoL + tAOLR + trRacH) @and tract.

*3 The times assigned in this section do not apply in the following cases:
(1) For output operations, if the data buffer is empty.
(2) For input operations, if the data buffer is full.
(3) During transfer of the first or last byte.
(4) During input operations, when the SPC automatically sends the ATN signal.
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6.5.21 Asynchronous Transfer Initiator (2) Output Operation

e /
\\ /

rovLD "oivo TAHPH

[ = IpypL —>

DB7~O,F

|

tuoe

® /
p N

D N

(

Item Symbol Min. Typ. Max. Unit
7O ‘H' — data bus output tupe 10 110 ns
Phase designation — REQ‘L'| tPHRL 100 ns
S:r::r:j:ﬁzlrj\tpi ATR L' fovo Zorr 80 "
REQ 'H' — data bus hold tovo 15 ns
ACK ‘H' — phase change tAHPH 10 ns
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6.5.22 Asynchronous Transfer Initiator (3) Input Operation

REQ

N

tAHPH
tiou toTsu
> > toHLD
DB7~0O,F : / \
tPHRL >
TN 2
Item Symbol Min. Typ. Max Unit

TG ‘L' — data bus output stop Yoo 110 ns
Phase designation — REQ 'L’ tPHRL 100 ns
Data bus confirmation — REQ ‘L' toTsu 10 ns
ACK ‘L' — data bus hold touLp 15 ns
ACK 'H' — phase change tAHPH 10 ns
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6.5.23 Asynchronous Transfer Target (1) REQ-ACK Timing

REQ
troLA —
N
tracy >

Item Symbol Min. Typ. Max. ~Unit
REQ 'L —ACK ‘L troLA 0 ns
ACK‘L' > HEQ'H' tAROH 10 90 ns
REQ‘H' — ATK'H’ tROHA 0 ns
ACR'H' - REGL *2 taroL 10 70 ns
ACK'H' - REQ 'L *1,*2 tracy 2tcLr 3teLr + 110 ns

Notes: *1:

"2

184

The time for ACK'L' — REQ'L’ is determined by the longer of (taron + tRoHa + taroL) and

tracy-

The times assigned in this section do not apply in the following:

(1) For output operations, if the data buffer is empty.
(2) For input operations, if the data buffer is full.
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6.5.24 Asynchronous Transfer (2) Output Operation
h \L_/
ACK
toivo
DB7~OF
tiopE
o) \
Item Symbol Min. Typ. Max. Unit
70 ‘L' — data bus output tiobe Ttor 8tor + 110 ns
Data bus output tovio 80 ns
confirmation — REQ ‘L’ #clF
ACK ‘L’ — data bus hold tovo 15 ns
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6.5.25 Asynchronous Transfer Target (3) Input Operation
m - _

toHp
DB7~OF > /
tioo
7o /

Item Symbol Min. Typ. Max. Unit
O *H' — data bus output stop tioop 60 ns
Data bus confirmation — ACK ‘L’ tpTsu 10 ns
REQ ‘H' — data hold {DHLD 15 ns
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6.5.26 Synchronous Transfer Initiator (1) REQ/ACK Cycle
trar2 -
tRoF1 -
REQ \""‘ tRQAR — L
ATK
|‘ takap | tanap
Item Symbol Min. Typ. Max. Unit
"REQ Assertion Period troaP 50 ns
REQ Nonassertion Period tRNAP 50 ns
REQ cycle time trar1 tour ns
- REQ cycle time trar2 3teLr ns
ACK Assertion Period takap toLr - 10 ns
*1  ACK Nonassertion Period tanap n.tcir - 30 ns

Note: *1 ndepends on the TMOD register setting.

TMOD Register

Bit3 | Bit2 n

- -0
- O -0
HWON -
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6.5.27 Synchronous Transfer Initiator (2) REQ/ACK Timingce

REQ
N-1 \ n N+1 N+2
taDL1 >
N-3 N-2 N1 \ N
tRor .. X, tao2
DREQ
N-2 N-1 N N+1
DRESP
Item Symbol Min. Typ. Max. Unit
ATK Assertion delay time (1)*1 | typ, 4 3toLr 4to F + 100 ns
REQ‘L ”DREQ'H' *2 tRLDR toLF 4 50 3tcir +60 ns
ACK Assertion delay time (2) *3 | tabL2 3toLr 4to F + 120 ns
Notes :*1:  Apply to output operations and to input operations when the maximum offset value is 4 or less.
*2: Apply to input operations.
*3 Apply to input operations when the maximum offset value is 5.8.
This is the minimum time after receiving the DRESP of byte N, until the ACK of byte N is transferred.
Inthis case, the minimum time required from receiving the REQ of byte N until transferring the ACK of
byte N is (tpresp + (DRESP assertion time x) + ta p2).

188



Fast Track to SCSI MB870338

6.5.28 Synchronous Transfer Initiator (3) Output Operation

h ./ S

DB7~OF

TID, MSG / N
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6.5.28 Synchronous Transfer Initiator (3) Output Operation (Continued)

Item Symbol Min. Typ. Max. Unit
70 ‘H' — data bus output tipe 10 110 ns
Phase designation — T-TEU;L' trHRQ 100 ns
Data bus output *1 tovai 2 F-70
confirmation — ACK'L' *2 tovaz n.toLr - 60 "
ACK ‘L' — data bus hold tAKDH toLr - 20 ns
ACK ‘H' —> phase change taHPH 10 ns

Notes:  *1 n depends on the TMOD register setting.
*2 The time from data bus output confirmation to ATK ‘L’ is set by the shorter of tpya1 and tpyaz.
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Bit3 | Bit2 n
0 0 1
0 1 2
1 0 3
1 1 4
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6.5.29 Synchronous Transfer Initiator (4) Input Operation

REQ \

ACK

4——— tpRQ
toTsu toHLD
UB7~U,p X
tAHPH

48] —\ tioo

N

CTID, MSG

/

7

item Symbol Min. Typ. Max Unit
770 ‘H’ — data bus output stop tiop 110 ns
Phase designation — REQ'L tPHRQ 100 ns
Data bus confirmation — REQ'L' totsu 10 ns
ACK ‘L' — data bus hold toHLD 40 ns
ACK ‘H' — phase change tAHPH 10 ns
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PACKAGE DIMENSIONS
80-Lead Plastic Flat Package

FPT-80P-M01
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i}

80-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-80P-M01)

/g |ifi| s

.077 +.008

(1.95 ¥ 0.20) View “A

jmensions in
ches (millimeters)

‘ .114(2.90) MAX
941+ .016(23.90 4 0.40) ————mm——t>> (ZBO\MAX.
< 787 20.0) llg002(0.05) MIN
; 1 [} ﬂ

] —r1 o ! '
(= —] -
[ o & c | — o | .705 + .016 o
o o — (17.90 + 0.40) -
= = - T
[ —r -—
[ e o s | p—yy— .551(14.0) j..*=,
] — -
(= =1 -
[ — INDEX — hry
| = = — = i A -
(= | == A -—
[ O | =] \ - by
[ | m—— A )
= == L

- —~

-
10315+ .0059 014 + .004 006 + .002
0.80 + 0.15 (0.35 + 0.10) 0.15 + 0.05)
007(0.18) 023 (0.56)
016 (0.40) MAX MAX
I l r

I

193



MB870338

Fast Track to SCSI

PACKAGE DIMENSIONS (Continued)
84-Lead Plastic Leaded Chip Carrier

TBD

LCC-84P-MO1

84-LEAD PLASTIC LEADED CHIP CARRIER
(CASE NO.: LCC-84P-M01)

TBD
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MB89351
SCSI Protocol Controller

GENERAL DESCRIPTION ,
The Fujitsu MB89351 Small Computer System Interface (SCSI) is a System Protocol
Controller (SPC) specifically designed to implement a SCSI-bus to CPU/DMAC interface.
Except for SCSI synchronous mode transfers, the MB89351 can handle virtually all interface
control procedures of the SCSI bus and the SPC is adaptable to either an 8-bit or a 16-bit
CPU. To optimize efficiency and reduce CPU overhead, the MB89351 uses an 8-byte FIFO
data buffer register and a 24-bit transfer byte counter. The SPC serves a wide range of
applications acting as an INITIATOR or TARGET device forthe SCSI. Thus, the device canbe
used as an I/O controller or as a host adapter.

The MB89351 SPC is fabricated in silicon-gate CMOS and housed in a 64-pin plastic shrink
DIP or a 64-pin plastic flat package.

SCSI Compatibility Selectable Transfer Mode

¢ DMA interface
e Serves as either INITIATOR or
TARGET ¢ Program transfer

« DMA interface and parity check * Manual transfer

Clock Requirements

Data Transfer Rate/Byte Counter « 8 MHz clock with 33%-10-66% duty

cycle
¢ Up to 2.5 Megabytes-per-second
« 8-byte FIFO Data Buffer Technology/Power Requirements
¢ .24-Bit transfer byte counter ¢ Silicon-Gate CMOS

¢ Single +5V power supply

Drive Options Available Packaging

¢ Single-ended ¢ 64-pin plastic shrink DIP (suffix -PSH)
o Differential o 64-pin plastic flat package (suffix -PF)
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ABSOLUTE MAXIMUM RATINGS!

. Values
Rating Designator Unit
Min. Max.

Supply Voltage Vee Vgs—.05 Vgs+7.0 Vv
Input Voltage? VIN Vgs — .05 Vss +7.0 Vv
Output Voltage? Vourt Vss —.03 Vgs +7.0 \
Operating Ambient T °C
Temperature A 0 +70
Storage °
Tem pgrature Tsta -55 +150 c

NOTES:
1. Permanent device damage may occur if the above absolute maximum ratings are exceeded.

Functional operation shouldbe restricted to the conditions as detailed in the operational sections
of this data sheet. Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

2. Should not exceed Vg + 0.5V.

RECOMMENDED OPERATING CONDITIONS

Values
Parameter Designator Unit Remarks
Min. Typ. Max.
Vee 475 5.0 5.25 v
Supply Voltage
Vss 0 v
Operating Ambient Temperature Ta 0 +70 °C
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MB89351 BLOCK DIAGRAM
'\| > At scuo E
D7-DO, ._A_L_J m
P
,, I \r
(VL
1
‘ TCH
REQ @—P —p L.____.L.
’EE i Mo [ ¥ et on
ACK €—P > ﬁ l L g _H" r—PDREQ
TCL
|—aoEeR
L [T
ATN 4 Pre Ll - RSTO
o 4P ] PHASE 1
oD € CONTROL i . -
MSG 4P - EAE%IS;_ I L | I »0FO
RSTI—-| II AoR | |L—2 T : ]
| h
B DREG
[ BT ot
X FIFO)
sparr- | M r T Y
BT ]
L ar— |
(oumn “ ” SDBO7-
— G Soee
‘
_—r"“ (IN) I
BDID 1 ]
L—‘- SCTL[ ” P”| ARBITRA- SELO
DEC L ‘ l——-L TION AND BSYO
] I 11 " semcnoa:t TA'gg
SELI 11 [N »| Loaic L INPUT
i 11 T - INPUT2
= —b 1 1 > TR
RST —p || T
=Py INTS n
A3-AQ =P ADDRESS K\SERRUPT II SERR
Ts  —b| DECODE STATUS T n
s —»! INTERFACE ssTs

197



MB89351 Fast Track to SCSI

PIN ASSIGNMENTS AND INTERFACE DIAGRAM

U /C)
soewé 1 O 6483 Vce Vss & 1 513 BSYI
soBis O 2 63 TIK DACK O 2 503 BSYO
spBis O 3 623 RST DREQ O 3 493 SELI
spBi4 O 4 3] =165 INTREY 4 483 SELO
soBia s 603 A3 WRE] s 4783 RsTI
soe2d 6 5903 Vss RO 6 463 RsTO
N g 7 583 (NC) proH 7 453 spBOP
sosit g 8 573 A2 P 8 44 3 SDBOO
spelod 9 563 A1 ') = ] 433 sDBO1
sDBIP .10 55[3 A0 D1 g 10 423 sDBO2
SDBO7 11 540 D7 D2 £ 11 41{3 speo3
sSDBOs 12 53 D6 D312 403 SDBO4
sDBos 13 523 D5 D4 13 393 SDBOS
SDBO4 CJ14 513 D4 Ds 14 383 sDBOs
spBo3 015 503 D3 pe £ 15 37| spbeo?
spBo2 Q16 49 D2 b 16 363 sDBIP
spso1 47 4883 D1 A0 &4 17 353 SDBIO
speoo 18 473 DO A1 18 343 spai
spBoP K19 463 DP A2 g 19 3303 (NC)
RSTO £ 20 45 DPO
RSTIQ 21 44 RD 25V
SELO 22 43F1 WR ScSs| BUS CPU/DMAC
SELI ] 23 423 INTR INTERFACE INTERFACE
Bsyo Qo4 413 DREQ Voo
BSJQE 2: ;g g B:;K SDBI7-SDBIP = —— TIK
(5] = F-%4 383 (NC) L ==
msa o 28 7B no) SDBO7-SDBOP ==t RST
REQ O 29 36 INIT RSTI e— S Es.
AckO 30 35 TARG RSTO D e A3-A0
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ACK —
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PIN DESCRIPTIONS

Pin No.
Designator Function
DIP FPT

Vee 64 25 +5V power supply.

Vss 32,3959 | 1,20,59 Circuit ground.

TIR 63 24 Clock input for controlling internal operation and data trans-
fer speed of the SPC.

RST 62 23 Asynchronous reset signal used to clear all internal circuits
of the SPC.

61 22 " Input selection enable signal for accessing an internal regis-
cs ter. When active low, the following input/output signals are
valid: RD, WR, A0-A3, DPO-DP7 and DP.

A3 60 21 Address input signals for selecting an internal register in
A2 57 19 SPC. MSB is A3; LSB is AO.

A0 55 17 When TS is active low, read/ write is enabled for an internal
register selected by these address inputs via data bus lines
D0-D7 and DP.

The read strobe (RD) input is used to readout the contents
of an internal SPC register and is asserted only if TS is
active low.

The register to be read is specified by A0-A3; the input ad-
dress data is input via DO-D7 and DP.

In the program transfer mode, the falling edge of RD termi-
nates the data read cycle.

The write strobe (WR) input is used to write into an internal
SPC register and is asserted only if CS is active low. On
the falling edge of WR, the data present on DO-D7 and DP
is loaded into the internal register specified by AO-A3 (ex-
WR 43 5 ceptwhen A0 = A1 = A2 = A3 = H).

In the program transfer mode, the falling edge of WR indi-
cates a data-ready condition to the MPU.
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PIN DESCRIPTIONS (Continued)

Pin No.
Designator Function
DIP FPT

Used to write/read data to/from an internal register in the
SPC. The data bus is 3—state and bidirectional.The MSB is
D7 and the LSBis DO; DP is an odd parity bit.

D7 -DP 54 — 45 16-8 When both TS and RDG inputs are active low (read opera-
tion), the contents of a selected internal register are output
to the data bus. In operations other than read, the data bus
is kept at a high-impedance level.

Outputs an odd parity for DO-D?7. If parity bit is not gener-
ated for external memory, DPO can be used as an input
parity bit for DP.

DPO 45 7

The INTR output signal is issued by the SPC and requests
an interrupt to indicate completion of an internal operation or
the occurrence of an error. Except for an interrupt caused by
the RSTI input (reset condition in SCSI), interrupt masking is
allowed.

INTR 42 4 When an interrupt request is granted, the INTR signal re-
mains active until the interrupt is cleared. In the program
transfer mode, the INTR signal can be used as a data re-
quest signal instead of reading internal registers of the SPC;
the data—request function is enabled by proper settings of the
appropriate registers. The INTR signal is automatically dis-
abled when interrupt conditions are not present.

When the MB89351 is operating in the DMA mode and the
data request (DREQ) output signal is active high, data is
DREQ 41 3 transferred between external memory and the SPC or vice-
versa. During output operations, DREQ is active when the
data buffers in the SPC are not full. During input operations,
DREQ is active when valid data is present in the buffers. In
either case, DMA transfers can occur and DREQ is asserted.

An active low response signal to the DREQ which request
data transfer between SPC and the external memory in the
DMA mode. This signal, in DMA mode, functions similarly to
the signal combination of CS=low, A3=high, A2=low,
DACK 40 2 A1=high, and AO=low (selection of DREG) in the program
transfer mode. Since the DREG is selected by this DATK
signal in the DMA mode instead of the address input from
A3-A0, data transfer between DREG of SPC and external
memory is possible.
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PIN DESCRIPTIONS (Continued)

Pin No.
Designator Function
DIP FPT
gggggggis 1,2 27,28 Inputs from the SCSI data bus. The MSB is SDBI7; the LSB
, 4 34 29,30 i i ity bi i i
SDBI3'SDBI2 56 3132 is SDBIO. SDBIP is an odd parity bit. Parity checking for the
SDBI1.SDBIO 8.9 3435 SCSI data bus is programmable.
SDBIP 10
SDBO7 11 37 Outputs to the SCSI data bus. The MSB is SDBO7; the LSB
SDBO6 12 38 is SDBOO. SDBOP is an odd parity bit. An open-collector
SDBO5S 13 39 b L
SDBO4 14 40 us driver is used to connect the SCS! bus.
SDBO3 ) 15 41
SDBO2 16 42 (Note: For the SDBI and SDBO pin groupings, only one
SDBO1 17 43 pin is used for output and the other pins are used for
ggggg }g 22 input during arbitration. During selection, reseiection,
and normal data transfers, all pins are used for outputs.
Typical system connections are shown in the Pin As-
signments and Interface Diagram).
RSTl is a reset input from other SCS! devices; RSTO is a
reset output to other SCSI devices. Both signals are active
RSTO, BSTl 20,21 46,47 high and can be masked.
SELO is an output that corresponds to the INITIATOR or
TARGET device; SELI inputs the response to the SPC dur-
SELO,SELI 22,23 48,49 ing the selection or reselection phase. Both signals are ac-
tive high.
BSYO indicates the SCSI bus is in the output mode of op-
eration, whereas, BSY!| indicates the bus is operating in the
BSYO,BSYI 24,25 50,51 input mode. One or the other of these signals is active high
during arbitration and in the “connected status” mode of
operation.
During the data transfer phase, the I/O signal indicates the
1o o6 52 transfer direction. When 1/O is high, data is transferred from
the TARGET to the INITIATOR. When I/O is low, data is
transferred from the INITIATOR to the TARGET.
During the data transfer phase, the C/D signal is set high
c/D 27 53 during the command-, status—, and message—phases of
operation.
In the data transfer phase, the MSG signal is set high only
MSG 28 54 during the message phase.
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PIN DESCRIPTIONS (Continued)

Pin No.
Designator Function
DIP FPT

In the data transfer phase, the REQ signal is used to notify
REQ 29 55 the INITIATOR that the TARGET is ready to receive or send
data. The REQ input is used as a timing control signal in the
data transfer sequence.

These two output signals indicate the operational status of
the SPC. The INIT and TARG outputs can also be used as
SLCSI driver circuit control signals.

INIT | TARG SPC Status

INiT, TARG 36,35 63,62 L L Logically disconnected from the SCSI.

L H Executing the reselection phase or
operating as a TARGET.

H L Executing the selection phase or
operating as an INITIATOR.

These two outputs are directly related to the preceding INIT
and TARG signals. INPUT1 corresponds to INIT and IN-
INPUT1,INPUT2 33,34 60,61 PUT2 corresponds to TARG. However, unlike INIT and
TARG, INPUT1 and INPUT2 are set High when the SPC is
not logically connected to the SCSI.

In the data transfer phase, the acknowledge signal is in re-
sponse to a transfer request (REQ) signal from the TARGET.

ACK 30 56 In the same way as REQ, an ACK input is used as a timing
signal in the data transfer sequence.
Except during arbitration and during the bus free phase, the

ATN 31 57 ATN signal is used to notify the TARGET that the INITIATOR
has a prepared message.

NC 737, 33,64 No connection.

38,58
Open — 26,58 -
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ADDRESSING OF INTERNAL REGISTERS

SPC has internal registers consisting of 17 bytes that are accessible from an external circuit.
These internal registers are used for controlling SPC internal operation and indicating SPC
processing status/result status. A unique address is assigned to each internal register, and a
particular register is identified by address bits A3 to A0. The following table shows internal

register addressing:
Internal Register Addressing
CS A3 | A2 | At A0 Operation Register Name Abbr.
0 (] 0 o] 0 Read/Write Bus Device ID BDID
0 o] 0 0 1 Read/Write SPC Control SCTL
0 0 0 1 0 Read/Write Command SCMD
0 0 0 1 1 — Open —
Read Interrupt Sense
0 0 1 0 0 INTS
Write Reset Interrupt
Read Phase Sense PSNS
0 0 1 0 1
Write SPC Diagnostic Control SDGC
Read SPC Status
0 0 1 1 (o] SSTS
Write —
Read SPC Error Status
0 0 1 1 1 SERR
Write —
0 1 0 0 0 Read/Write Phase Control PCTL
Read Modified Byte Counter
0 1 (o] 0 1 MBC
Write —
0 1 0 1 0 Read/Write Data Register DREG
0 1 0 1 1 Read/Write Temporary Register TEMP
0 1 1 0 0 Read/Write Transfer Counter (High) TCH
0 1 1 0 1 Read/Write Transfer Counter (Middle)| TCM
0 1 1 1 0 Read/Write Transfer Counter (Low) TCL
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BIT ASSIGNMENTS

The following table shows the bit assignments to each internal register. When accessing an internal register (in
read/write), remember the following:

1. Theinternal register block includes the read—only/write—only register and those having different meanings in
read and write operations.

2. A write command to a read-only register is ignored.
3. Ifthe write—only register is read out, the data and parity bit are undefined.

4. Atbit positions indicating “_" for a write in Table 3.2.2, either 1 of 0, or may be written.

Bit Assignments for Internal Registers

Register | R'W
HEX and Oper- 7 € § 4 3 2 1 o | Parity
Address | Mnemonic| ation | (MSB) (LSB)
Bus. R #7 #6 #5 #4 #3 #2 #1 #0 0
0 Device ID ] | | | | ] |
(BDID) w SCSI Bus Device ID -
1D4 1D2 1D1
SPC Reset [Con- | Diag. | ARBIT|Parity | Select | Resel{INT
1 Control R/W | & Dis—|trol ect P
(SCTL) able |Reset | Mode | Enable] Enable | Enable] Enable}Enable
Command RST | Inter— |Transfer Modifier | Term
RW cept PRG Mode P
2 (SCMD) Command Code Out | Xfer | Xfer 0
3 R
w
Interrupt Selec—| Resel—| Discon4 Com— | Sevice | Time SPC |}Reset
Sense R mand | Re- Hard [Condi-|
4 (INTS) ted ected | nect | Comp— quired | Out Error |tion
plete
w Reset Interrupt -
Phase
Sense
(PSNS) R REQ | ACK ATN | SEL BSY MSG C/D /o] P
5 -
§§,?,,E,’;39 Diag. | Diag. | Xfer Diag. | Diag. | Diag. | Diag.| _
(SDGC) W | Req | Ack | Enable Bsy |msc |cm |wo
SPC R Connected SPC |XFER | SCSI | TC=0 | DREG Status
Status in Pro— P
6 | (ssTs) INIT |TARG | BSY |gress | RsT Ful | Empty
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Bit Assignments For Internal Registers (Continued)
Register { R'W
HEX and Oper- 7 6 5 4 3 2 1 0 Parity
Address | Mnemonic| ation | (MSB) (LSB)
SPC Data Error Xfer TC Short
7 Error R 0 Parity 0 0 P
Status scsl | sPC | out Error Period
(SERR)
Bus
Phase Free Transfer Phase
Control RW | Inter— 0 p
g |PCTL rupt MsG | cD | O
Enablegl Out Out Out
Modified ) MBC
Byte 0 P
9 Counter R
(MBC) Bs | e |Bn | e
Data Internal Data Register (8 Byte FIFO)
Register
A (DREG) RW | Bit7 | Bits] Bitsl Bit4 ! B3| Biz| Bt | Bo | P
Temporary)| R Temporary Data (input. From SCSI)
B Register Bit7 | Bit6 | Bit5 ) Bitd | Bitdy Bit2 | Bit1 y Bit0 P
Temporary Data (Output: From SCSI)
(TEMP) w Bit7 | Bit6 | Bit5 | Bit4 | Bit3| Bz | Bit1 | BitO P
Transfer
(o] Counter RW Transfer Counter High (MSB)
High
(TCH) Bi3| Bitze| Bit21] Bit20| Bitd Bing] Bin7| Bite| P
Transfer
D Counter R/ Transfer Counter High (2nd Byte)
Mid. w
(TCM) gitis| Bina| Bina| Biiz2| Bin] Bio] Bie | mis | P
Transfer
E Counter RW Transfer Counter High (LSB)
Low
(TCL) gz | mis | Bis| Bra | Ba| mie| 1mit| mio | P
External R
F Buffer
(EXBF) W Bit7 l Bitel Bitsl Bitd4 l BitS' Bit2| Bit1 l Bit0 P
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DC CHARACTERISTICS
(Recommended operating conditions unless otherwise specified)
Values
Parameter Designator Conditions Unit
Min. Typ. Max.
Input High Voltage ViH 2.2 Vee+ 0.5 v
Input Low Voltage ViL Vss— 0.5 08 v
Output High Voltage Vo lon =-0.4mA 4.0 Vee \"
Output Low Voltage VoL loL = +3.2mA Vss 0.4 \
Input Leakage Current I Vin = 0V to 5.25V -10 20 mA
Output Leakage Current iz ViN =0V to 5.25V -40 40 mA
. fc = 8MHz,
Active Supply Current lcc All outputs open 10 mA
fc = 8 MHz,
Standby Supply Current| | All outputs open, 40 mA
ySupely cs inputs fixed, ST active
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MB89351

AC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted)
CPU/DMAC Interface
Values
Parameter Designator Min. | Typ. Max. Unit
TIR Cycle Time tolr 125 200 ns
TIK High Time teuel 44 ns
TLK Low Time toieH 44 ns
TIK Rise Time t 10 ns
CIK Fall Time t 10 ns
CLK Input Timing
!4 toreL > ,
] [}
2.4V 2.4V
1 N 1/
CIR g.45v— JX( 7‘ | 0.45V
[} I )
| \
! |< toLen
L

torr
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AC CHARACTERISTICS (Continued)

_ RSTinput
Values
Parameter Designator Unit
Min. Typ. Max.
RST Pulse Width tRSTW 100 ns
RST Input Timing

|4 thsTw b|
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MB89351

AC CHARACTERISTICS (Continued)

Values
Parameter Designatory Test Conditions Unit
Min. Typ. Max.
Address Setup Time tARS 40 ns
Address Hold Time tARH 10 ns
TS Setup Time tcrs 25 ns
TS Hold Time tCRH 10 ns
Data Valid Time (from RD Low) tRLD CL=80pF 90 ns
Data Hold Time (from RD High) trRHD CL=20pF 10 60 ns
RD Pulse Width trp 120 ns
Register Read Timing
AO-A3 !

24V
0.45

WY
0.45V

)

' ¢ taARs ) I

TS
0.45V SR'

'Oi tARH
1

[}
! W 0.45v

‘cas‘q—b! '4

trp b! !‘! tean

RD ]
24K 1./ 24v
0.45\ ¥ ¥, 0.45V
l tan l ' taHD |
] I
DO-D7, DP !
+24v A 24v
VALID
% 0.45V % 0.45V
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AC CHARACTERISTICS (Continued)

Values
Parameter Designator | Test Conditions Unit
Min Typ. Max.
Address Setup Time taws 40 ns
Address Hold Time tAWH 10 ns
TS Setup Time tows - 25 ns
TS Hold Time towH 10 ns
Data Valid Time (from WR Low) tows ns
Data Hold Time (from WR High) towH 20 ns
WR Pulse Width twr 100 ns
Register Write Timing
AO-A3

' 24V
0.45V

twr DI

Do-D7, DP
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AC CHARACTERISTICS (Continued)

Parameter Designator | Test Conditions Unit
Min. | Typ. Max.

DPO Valid Time (from D7-D0 to DPO Valid) tpPvD CL=30pF 60 ns

DPO Output Timing

D0-D7 ‘ 24V
h 0.45V
I ‘ topvp , |

2.4V
DPO
0.45V
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AC CHARACTERISTICS (Continued)

Values
Parameter Designator | Test Conditions Unit
Min. | Typ. Max.
WR Service Time (from INTR High to 0 ns
WR High) tirwL
INTR Release Time (from WR High to tWHIR CL = 10pf tLF 2toLe 100] ns
INTER Low)
INTR Reset Cycle Time twrey AtcLr ns
NOTE: Applicable only when interrupt reset is executed.
INTR Output Timing
l L
] r
/2.4v '
INTR tawL twir N_0-45V
B’ e
1
WR ) 1
1__/2‘4\/ ¥ 2.4V
!
F ,WHbY q
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AC CHARACTERISTICS (Continued)

Values

Parameter Designator | Test Conditions Unit
Min. Typ. Max.

DACK Service Time toHAL 0 ns
(from DREQ High to DATK Low)

WHR and RD Service Time t 40

(from DATK Low to WR or RD Low) ARWL ns
DREQ Release Time i

(from WR or RD Low to DREQ Low) tRwoL CL=30pF 35 150 ns
DATK Hold Time 0

(from WR or RD High to DATK High) trwar ! ns

DREQ Interval foLom 0 ns
(from DREQ Low to DREQ High) )

DREG Access Cycle Time (1) trwey 2tewr ns
DREG Access Cycle Time (2) tomey 3tewr ns

NOTE: The WR parameter is applicable when data buffer register will be full; the RD parameter is applicable
when the data buffer register will be empty.

DMA Access Timing
toLpH
I I‘ 'l
1 2.4V H 2.4V
DREQ " 0.45v | 1
tDHALIQ--—--D' "—m-"
1
1 '
DATK 2.4V
0.45v | )
1 Y ettt
tnmwd‘l l.l tTRwaH
| |
| 1
WR, RD 1724V '
0.45V 0.45V 0.45v 0.45V'}
tawey al '
je tomcy »
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AC CHARACTERISTICS (Continued)

DREG
Values
Parameter Designator Test Conditions Unit
Min. Typ. Max.

RD Service Time tiHRL 0 ns
(from INTR High to RD Low)
INTR Release Time tRHIL CL = 20pF 35 150 ns
(from RD High to INTR Low)

INTR Recovery Time

(from INTR Low to INTR High) tm ° ns
RD Recovery Time tRHAL 50 ns
(from RD High to RD Low)

DREG Access - Input
| l t |
2.4V A Y
INTR |y 0.45V '
1HR t
RHILH
k—"! l e tnnm..l
[} I
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MB89351

AC CHARACTERISTICS (Continued)

Values
Parameter Designator Test Conditions Unit
Min. Typ. Max.
WR Service Time tiHwL 0 ns
(from INTR High to WR Low)
INTR Release Time twiL CL = 20pF 35 150 ns
“(from WR Low to INTR Low)
INTR Recovery Time o
(from INTR Low to INTR High) tiLmH ns
WR Cycle Time twrey 2teLr ns
DREG Access — Output
& tum—d|
INTR 1 | 24V
0.45 1 1
I
! |
! I
twiL > |4—‘|Hw1.—b|
! I
WR ! |
! | | 1
K045V 0.45V | 0.45V 0.45V
je twrey >
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AC CHARACTERISTICS (Continued)

INIT/TARG ¢
Values
Parameter Designator | Test Conditions Unit
Min. Typ.| Max.
INPUT2 Valid Time toL CL = 30pF 0 20 ns
(from INIT High to INPUT2 Low)
INPUT2 Invalid Time tiom CL =30pF —20 20 ns
(from INIT Low to INPUT2 High)
INPUT1 Valid Time
(from TARG High to INPUT1 Low) |  tTHIL CL = 40pF 0 20 ns
INPUT1 Invalid Time _ _
tTLim CL = 40pF 20 20 ns

(from TARG Low to INPUT1 High)

INIT/TARG and INPUT1/INPUT2 Output Timing

INIT and INPUT2 Output Timing:

2.4V ) !
INIT g X 045V
]

>

ey et
] ]
INPUT 2 \ ! Vo ¢
0.45V\! jl ’
IN INIT MODE IN TARG MODE

TARG and INPUT1 Output Timing:

TARG . : \ 45V

>

k""! tﬂ-m_ b!tTLIH
INPUT 1 d : 2.4V
0.45V
t ;
IN INIT MODE IN TARG MODE
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AC CHARACTERISTICS (Continued)

SCSI Bus Interface — Selection Phase Timing

Values'
Parameter Designator | Test Conditions Unit
Min. Typ.| Max.
Bus Free Time 2 terR Acir +50 ns
: - (6+n) (7+n)
From BSYI Low to BSYO High 1RO CL=10pF XtoiF X1ciF + 60 ns
From BSYO High to Device ID Out tBHID CL = 30pF 0 60 ns
From BSYO High to Prioritize tARB 32tcLr - 60 ns
From Data Bus Valid to Prioritize taiDv 100 ns
From Bus Usage Permission Granted _
Frotm tSELO High to SELECT ID tsop CL = 30pF Mter-30 ns
Outpu
From SELO High to INIT High tsom CL=10pF Mor ns
From INIT High to ANT High tiar CL=10pF 0 60 ns
From SELECT ID Output to BSYO Low tipaL CL=10pF 2tcr - 80 ns
From BSYO Low to BSYI Low tgom CL=10pF 0 lar
From BSYI High to BSYO Low taiso CL=10pF 2tc1r tcLr + 60
From BSYI High to SELO Low tpipH CL=10pF 2tcLr ns
From SELO Low to INTR High tscR CL=30pF 60 ns
CL 30pF (BSYO)
From SEL! High to BSYO Low, ID Bit Low tsecR zg BO0-SDBO7, 3tcir + 100 ns
CL 30pF (BSYO)
From Priority Judge to BSYO and ID tpacR S BOO-SDBO7, 80 ns
Bit Low DBOP)
NOTES: 1. n=value of TCL register.
2. The bus free time is the minimum time interval until the booked select command is
executed.
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MB89351 Fast Track to SCS/

AC CHARACTERISTICS (Continued)

Initiator with Arbitration Timing

tarR
—{
BSYI ! : .
,-\_____ﬁ tsacn 'sommx f
<— tBreO —P) ’ !
- [ L i
[ I 1 * 1
eeve S R R :
! 1 1@ tios 1
i 1o .
1 o=l t T T
o AN T\
SELI : L Lo h ! taiso
11 tawso '
!Q—tARB ——M” : : !4_.;!
! 1l ! ] 1 T
i ' 7L i 1 1 )t
SELO ; |: 1 : . : : :
tanip ', ; lsoo .
SDBO0-SDBO7, k! 1! !4-1—-)! Buk__.:_yl
SDBOP .l* "%’ Y * T
' %
]
t' t‘: : :.\ : : '
ADV I ! .
SDBI0-SDBI7, H ' ' X
SDBIP h L ' !
S CR ¢
1 N :
! '
1
| ' :
o (nputState) . [ .
1

INIT 71

'
ATN (Input State) 7,(

- o - G D OB GRS W S OB eP OD G TS G e e S5 s WS G Gn 6P W e

l{
INTR (Command Complete) (
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Fast Track to SCSI

MB89351

AC CHARACTERISTICS (Continued)

Values (Note)
Parameter Designator | Test Conditions Unit
Min. Typ.| Max.
_ 6+n) (7+n)
From BSYI Low to SELECT ID Output teriD CL = 30pF Xt o XL CLF+60 ns
From ID Output to SELO High tioso CL=10pF 11t cLr- 80 ns
From ID Output to INIT High tior CL=10pF 11t g - 80 ns
From INIT High to ATN High tmaa CL=10pF 0 60 ns
From BSYI High to SELO Low taiso CL=10pF 2t o ns
From BSY! High to SELECT ID Hold t BiDH CL = 30pF 2t or ns
From SELO Low to INTR High tscRr 60 ns

NOTE: n =value of TCL register.
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MBB8935 1 Fast Track to SCS/

AC CHARACTERISTICS (Continued)

Initiator without Arbitration Timing

BSYI —St' jL

! '
] ]
' '
BSYO T T
] ]
1 1
1 ]
] ]
! / \
SELI t
1 BISO
. l—!
] ] ]
] U
1 '
SELO ; N
teRiD tipso BIDH
bi¢ fe———
1 1 1
1 - T U
SDBO0-SDBO?, -/f (TEMP Register) ! *
SDBOP ' !
! '
1 ]
! |
110 t :
! ]
t
je— |Drr—>! H
1
7 .
INIT b i
] ]
1 ]
] ]
t |
ITAA 'q-hl '
] T
ATN (Input State) ':( :
------------------- 4 '
]
'
1
ACK (Input State) :
i
]
tscir k-’l
[}
INTR (Command Complete) 7|£
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Fast Track to SCS/

MB89351

AC CHARACTERISTICS (Continued)

Values
Parameter Designator | Test Conditions Unit
Min Typ Max

From SELI High to BSY! Low tsmi 0 ns
From Data Bus (ID) Valid to BSYI Low tipI 0 ns
From /O Low to BSY! Low tigl 0 ns
From BSY! to BSYO High tBig0 CL=30pF Aeorr 5t cir+60] ns
From BSYO High to ID Hold 80D 60 ns
From BSYO High to SELI Low taos! 0 ns
From SEL! Low to TARG High tsire 3tewr M o +80] ns
From TARG High to Phase Signal Output t1apH 0 50 ns
From /O High to Data Bus Enable ti0DE e ns
From SELI Low to INTR High tsur 3tcor+8) ns
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MB89351 Fast Track to SCS/

AC CHARACTERISTICS (Continued)

Target with Arbitration Timing

BSYI ' )' /

tgigi tgi80
e bie ;L
] ]
BSYO : ; b
BOSI
1 ] l‘,__’l
1 1
’Z 1 ]
] 1 *
1 ] 1 ]
SELI o g :
SDBIO-SDBI7, .“ ’! le ’.l H
SDBIP | —t 1~
X X X
! 1
T i
]
- ! X
REQ " t (Iinput State) ' '
""""""" i it
' ] ]
- s
TARG : i %’ v
' " I tstra I " o i trapH
....... - ' ,
\ ! (nputState) -%'
mMse  ________}\ oo (nputState) S A
!
' ) '
....... .“ 1 : 1
/D \ i (nputState) 1 7%
--------- \ W, --r--—-——----*-no----—-':
je—>| e ' :
....... -~ !
!
o e TR tnpuse [ A
]
! l tloﬁ
SDBO0-SDBO?, X
SDBOP ] 0
i
| ¢ : l tsLr
INTR (Selected) 7‘L
i
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Fast Track to SCS/

MB89351

AC CHARACTERISTICS (Continued)

Values
Parameter Designator| Test Conditions Unit
Min Typ.] Max.
From Data Bus (ID) Valid to SELI High tiosi 0 ns
From /O Low to SELI High tusi 0 ns
From SEL! High to BSYO High 5180 CL=30pF Aer Stee+50| ns
From BSYO High to ID Hold tgoin 60 ns
From BSYO High to SELI Low tBos! 0 ns
From SEL! Low to TARG High tsre CL=30pF 3t o Hee+80] ns
From TARG High to Phase Signal Output t1GPH CL=30pF 0 50 ns
From /O High to Data Bus Enable tioDE CL=30pF Nteor ns
From SELI Low to INTR High tsuR CL = 30pF Stor+80] s
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MB89351 Fast Track to SCSI

AC CHARACTERISTICS (Continued)

Target without Arbitration Timing

BSYI /

I« ”7L
]
BSYO ' 'y
] 1 'BOSI
] H
]
I S
SEL ' ' '
tpsi! ' '
! tgoip! '
SDBIO-SDBI7, H
SDBIP ' ‘—
' X X
‘ 2
E :
Y ! .
REQ N .:_.".I‘E”.'_Sﬁal"l--.i-------..--..:
: ' '
' ] ) T
TARG ' ! 7.L :
E ! tSLTG ! ! tTGF'H
---=n ' ! >
MSG ‘U : (Input State) 3 ’_’(—
""""" /it :
: ] ]
===== ! ' _'(_
o/ oo g mputstate) 4 7
] t ' ]
H nst . :
110 X ‘ : —(
/ 7
—————den __-__(_Igp_u£§t§t_e)__: ......... -1
- 1 toge
[ ]
SDBOO-SDBO7?, / -;,lé
SDBOP ' £y
i' > tsur
INTR (Selected) 'f
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Fast Track to SCS/

MB89351

AC CHARACTERISTICS (Continued)

SCSI Bus Interface — Reselection Phase Timing

Values'
Parameter Designator | Test Conditions Min Tve Mox, Unit
Bus Free Time 2 terR At cir+ 50 ns
From BSYI Low to BSYO High terso CL=10pF ﬁag) . tg;;‘)w ns
From BSYO High to Device ID Out tBHID CL =30pF 0 60 ns
From BSYO High to Prioritize tARs 32t 1 - 60 ns
From Data Bus Valid to Prioritize taipv 100 ns
E)r%né ‘I_Boush %s:ge Permission Granted tawso CL=10pF 0 50 ns
From SELO High to RESELECT ID Output tsoip 11t o1r-30 ns
From SELO High to TARG High tsote 11t cr - 50 ns
From TARG High to Phase Signal Output tTaPH CL = 30pF 0 50 ns
From 1/O High to BSYO Low ti08L CL=10pF 2t cir-80 ns
From RESELECT ID Output to BSYO Low tipaL CL=10pF 2t cir - 80 ns
From BSYO Low to BSY! Low tgoBI CL=10pF 0 teLr ns
From BSY! High to SELO Low tRiso CL=10pF 3t ns
From BSY! High to RESELECT ID Hold taioH CL=10pF 2t or ns
From SELO Low to INTR High tsciR CL =30pF 80 ns
CL = 30pF (BSYO)
From SELI High to BSYO and ID Bit Low tsach CL=§§ F00-8DB07. Mcr+80| ns
DBOP)
CL = 30pF (BSYO)
From Prioritze to BSYO and ID Bit Low teacn | © =§§ F00-50B07, 60 ns
DBOP)
From BSY! High to BSY! High a0 CL=10pF 2Acir +20 Ner+60 | ns

NOTES: 1. n=value of TCL register.

2. The bus free time is the minimum time interval until the booked select command is executed.
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MB89351

Fast Track to SCS/

AC CHARACTERISTICS (Continued)

INTR (Command Complete)

Target Timing
tarr
[—>
tseer
! t
je— tgrBO — [ ' BOBI !0! k-b taigo
-}L ! .‘J'.. i * v L
BSYO ) ' 1 teecRi A !
! toa IDBL
! P l‘l
e A |
! 1 ]
] ) / ' 1 :‘toal_ \
> ! i : g taiso
je~ tans —pl@] AV ! e 'l
! 1 : s
! ol 1 K !
. 1" ! 1 !
SELO ' o b
tanp i soID .
SDBOO-SDBO?, k’"! " L soH @ !
SDBOP LI MY '
X X T¥ ¥ X
i UNILIEY L:\ i
t LIk : T ] :
AIDV
SDBI0-SDBI7, !' g ! |
SDBIP . ; :
Y, X
' ‘I‘ tsom.l '
[]
ve '
]
TARG
t1'(;5'»-0"! '
'
MSG  —cceeeeea (nputState) ________________ % '
]
)
c/ID (Input State "'.{'
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Fast Track to SCSI

MB89351

AC CHARACTERISTICS (Continued)

o Values
Parameter Designator Test Conditions Unit
Min Typ Max

From SELI High to BSY! Low tsml 0 ns
From Data Bus (ID) Valid to BSY| Low tiosi 0 ns
From /O High to BSY! Low tust 0 ns
From BSY! Low to BSYO High ts180 CL = 30pF 4t oir Stcip+60] ns
From BSYO High to ID Hold tsoD 60 ns
From BSYO High to SEL! Low teost 0 ns
From SELI Low to BSYO Low tsiBo CL=30pF 2o 3ter+60] ns
From SELI Low to VO Hold tsiH 100 ns
From SELI Low to INTR High tsr CL = 30pF 3tcr+80f ns
From SELI Low to INIT High tsur CL=30pF 3t +30 4tcr+80] ns
5’?&1‘ Ilylol‘[lsHigh to Data Bus Enable toe CL=30pF 50 ns
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MB89351 Fast Track to SCSI

AC CHARACTERISTICS (Continued)

Initiator Timing

BSYI *: /
1
1
t t
l‘ S]] * SLBO )l \
BSYO . E 7:[. | 3:\-_______
: ! L taos tsio |
o Y
i : 1
SELI 7' i E
1 1

t

' BOID l

X
!Ol timy tsin

|
L
i

_ 1
1
:‘ tsur
1

INIT : t

i
i
i
1
]
i
i
1
1

SDBI0-SDBI7,
SDBIP

>|<..

SDBO0-SDBO?7,
SDBOP

)
INTR (Command Complete) 7:“
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Fast Track to SCS/

MB89351

AC CHARACTERISTICS (Continued)

SCSI Bus Interface — Transfer Phase Timing

Values
Parameter Designator Test Conditions Unit
Min. Typ. Max.
From /O Low to Data Bus Enable tipe CL = 10pF 10 ns
From Phase Specify to REQ High trHRQ 100 ns
From ACK Low to Phase Change tarpn! CL = 10pF 10 ns
From REQ High to ATN Low tramL 2 2tor ns
From ATN Low to ACK High tata 2 toLr— 20 ns
From Data Bus Valid to ACK High tovak CL = 10pF ‘12tc 80 ns
From REQ Low to Data Bus Hold tRLDV CL = 10pF 15 ns
From REQ High to ACK High tRHAH CL = 10pF 20 ns
From ACK High to REQ Low tAHRL 0 ns
From REQ Low to ACK Low tRLAL CL = 10pF 10 ns
From ACK Low to REQ High tALRH 10 ns
From REQ Low to ACK High tRLNA CL = 10pF 2teLr ns
From REQ High to Phase Change tRuPH! 3tewr ns
NOTES: 1. Phase change must satisfy both ty py and tpypn specifications.
2. This specification is applicable only when the last byte of the message transfer phase is
transterred using the hardware transfer mode.
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MB89351 Fast Track to SCS/

AC CHARACTERISTICS (Continued)

Asynchronous Transfer Output (Initiator) Timing

LA X 7

]
tohra ' tRHAH tAHRL PRty gy .

DR VLN slesle N
| I

)

L

i

1

'

]

1

)

)

7 By 7‘5

ACK ' Lo
] 1 t t

tIIDEk_H I DVAK I l lDV |

Pt ! ' : '

1o 1 L N
} [} ] I

SDBOO-SDBO7, | ?l(' % ' ' 'X
SDBOP 4 i ' T
tRaTL !
IQ-—O'Q—DI taTLA !
]
I 1 )
ATN —1 ' '
!
|
1
L}

tRHPH l‘—:ll taLpH

MSG i:* -}*’\-
X

C/D

!

!

!

!

|

' rmmmm— cmemmm—————
110 U

X T
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Fast Track to SCS/

MB89351

AC CHARACTERISTICS (Continued)

- Values i
Parameter Designator | Test Conditions Unit
Min Typ Max

From I/O High to Data Bus Enable tione CL = 10pF 7t cLr ns
From Data Bus Valid to REQ High tovra CL = 10pF 2tc 80 ns
From ACK High to Data Bus Hold takov CL = 10pF 15 ns
From REQ High to ACK High tRHAH 20 ns
From ACK High to REQ Low tAHRL CL = 30pF 10 100 ns
From REQ Low to ACK Low tRLAL 0 ns
From ACK Low to REQ High tALRH CL = 10pF 10 ns
From ACK High to REQ High tAHRH CL = 10pF 2toLr ns
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MB89351 Fast Track to SCSI

AC CHARACTERISTICS (Continued)
Asynchronous Transfer Output (Target) Timing

tAHRH

X

i
I
]
]
taan | AL YRl tatmd
)

7

.!__..\.kl.!

REQ X
i ]
i .
ACK [}
tiope tovra ! takDv

1 | | |

1 [ [ |

I | !
SDBO0-SDBO7, | 4 A
SDBOP 1 !

i

|

i

I
MSG

)

|

1

i

|

i

[}

]

_F

110
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Fast Track to SCS/

MB89351

AC CHARACTERISTICS (Continued)

T V-;lues o
Parameter Designator | Test Conditions Unit
Min. Typ. Max
From 1/O High to Data Bus Disable tioo CL = 30pF 60 ns
From Phase Specify to REQ High tPHRQ 100 ns
From ACK Low to Phase Change tapn ! 10 ns
From Data Bus Valid to REQ High tovra 10 ns
From ACK High to Data Bus Hold tAKDV 15 ns
From REQ High to ACK High tRHAH CL = 10pF 20 ns
From ACK High to REQ Low tAHRL 0 ns
From REQ Low to ACK Low tRLAL CL = 10pF 20 ns
From ACK Low to REQ High tALRH 10 ns
From REQ Low to ACK High tRLNA CL = 10pF toLr ns
From ATN High to ACK Low tATAL 2 CL=10pF toeL— 20 ns
From REQ High to Phase Change tRHPH' 3towr ns
NOTES: 1. Phase change must satisfy both ta py and trupn specifications.
2. Basedonthis timing parameter, the ATN signalis transferred only when parity check function
is enabled and a parity error is detected on the input data.
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MB89351 Fast Track to SCSI/

AC CHARACTERISTICS (Continued)

Asynchronous Transfer Input (Initiator) Timing

X F T
sl

tRHAH * tAHRL ple tRLAL tALRH ’i

.\k
¥
Sh---

 ACK

takov

]

S
5.

SDBI0-SDBI7,
SDBIP

..\k

ATN

tRHPH k"’l
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U
X
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I
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|
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Fast Track to SCSI

MB89351

AC CHARACTERISTICS (Continued)
Values
Parameter Designator | Test Conditions Unit
Min. Typ. Max.

From I/O Low to Data Bus Disable tioop CL = 30pF 30 ns
From Data Bus Valid to ACK High tovak 10 ns
From REQ Low to Data Bus Hold tRLDV CL = 10pF 15 ns
From REQ High to ACK High tRHAH 20 ns
From ACK High to REQ Low tAHRL CL = 30pF 10 100 ns
From REQ Low to ACK Low tRLAL 0 ns
From ACK Low to REQ High tALRH CL = 10pF 10 ns
From ACK High to REQ High tAHRH CL = 10pF 2tcLr ns
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Fast Track to SCSI

AC CHARACTERISTICS (Continued)

Asynchronous Transfer Input (Target) Timing

tAHRH

|«

- A

!

|
t

1
I RHAH I tAHRL I tRLAL
i

Y _o

DI‘ tALRH

4

A

ACK |
tovak l I tRLov
SDBI0-SDBI7, | I
SDBIP % *l
] 1

!
MSG

1

1

1

i
C/D

g

1

I toop I
SDBO0-SDBO7,
SDBOP
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Fast Track to SCS/ MB89351

AC CHARACTERISTICS (Continued)

Values

Parameter Designator | Test Conditions Unit
Min. Typ. Max.

From WR High to MSG, C/D, I/O tPHCH CL = 30pF 10 100 ns

Transfer Phase Change (Target) Timing

- ¥

' PHCH '

Y
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MB89351 Fast Track to SCS/

AC CHARACTERISTICS (Continued)

Values

Parameter Designator | Test Conditions Unit
Min. | Typ. Max.

From WH High to Data Bus Valid for
TEMP Register twrov CL=30pF 100 ns

From WR High to REQ High, ACK High

for SET ACK/REQ Command tSTRA CL = 30pF 2or 3t cr+60f ns
From WR High to REQ Low, ACK Low
for RESET ACK/REQ Command tRTRA CL = 30pF 2 cF 3t clr+60]| ns

NOTE: Timing sequences not shown are the same as those for asynchronous transfers.

Manual Transfer Timing
" —\___7&—‘_\__7;[—‘—\__?'[——
(TEMP) 'l twrov (SCMD). tstra (SCMD)i tarRa
! . 1
REQ (T: !
RER (rexaem, -7'[ 3('
¢ | !

SDBO0~7,P
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Fast Track to SCS/ MB89351

AC CHARACTERISTICS (Continued)

SCSI Bus Interface — Attention Condition

Values

Parameter Designator | Test Conditions Unit
Min. Typ.| Max.

From WR high to ATN High, ATN Low for 1 CL= 30, 2t 3t 60
SETRESET ATN Command ATNO o o aF "

Attention Condition (Initiator) Timing

\U '
ATN %
S
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MB89351

Fast Track to SCS/

AC CHARACTERISTICS (Continued)

SCSI Bus Interface — Bus Free

Values
Parameter Designator | Test Conditions Unit
Min | Typ Max
From BSY! Low to INIT Low teur CL =30pF 5t cLp+60 ns
From INIT Low to Bus Clear tmer CL =30pF 80 ns
From BSY! Low to INTR High tauR CL = 30pF 6t cLr+ 80 ns
Initiator (Disconnected) Timing
]
BSYI j
1
I taum I
INIT t |
!
! X
1
: L—'P! tireR
: 1
ATN : AN (Input State)
""" [ 2 |
1 1
1 '
1 I
]
ACK 1 '* (Input State)
""" h Sebaiaiaiabahbe e |
] 1
SDBO0-SDBO?7, I '
SDBOP T )
1
. x
1
!
e taLiR »
INTR -ZL
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Fast Track to SCS/

MB89351

AC CHARACTERISTICS (Continued)

Values
Parameter Designator | Test Conditions Unit
Min. | Typ. Max.
Eg);novm:hgh (SCMD Register) to twals CL= 30pF 3t cip +60 ns
From WR High (SCMD Register) to
TARG Low o gten twRGL CL = 40pF 3t cLp+ 60 ns
From TARG Low to Bus Clear tTGCR CL = 30pF 80 ns
Target (Bus Release Command) Timing
1
1
WR 1
(SCMD) l twRGL I
TARG : '
1 twas BK
el |
U |
BSYO 3( '
) ]
h—b! tracn
|
MSG AK (Input State)
1
C/D
'x( (Input State)
1
'
Vo '* (Input State)
f
REQ |
Aq (Input State)
SDBO0-SDBO?7, '
SDBOP *_
"
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MBB89351 Fast Track to SCS/

AC CHARACTERISTICS (Continued)

Values
Parameter Designator | Test Conditions Unit
Min. | Typ. Max.

From WR High (INTS Register) to SELO low twsL CL = 30pF Stcr+60] ns
From WR High (INTS Register) to Data twosL CL = 30pF

Bus Disable o gsten 3t cr+100] ns
From WR High (INTS Register) to TARG twriL CL = 40pF

Low or INIT Low . 3t cLr+ 60 _ns
From TARG Low to I/0 High-Z traio | CL=30pF

50 ns
From WR High (INTS Register) to Data twiRL CL =30pF

Bus Disable 3t cLr+ 60 ns

Termination (Time Out) Selection and Reselection Phases Timing
]

WR )
[}
INTS) g5ty
SELO ‘ !
—R
'
BSY! ;
SDBO0-SDBQZ e twosL: »
SDBOP T *
(] (]
]
j— twr. —p]
TARG or !

INIT E .)k

10 : k (Input State)
AN, oot I

INTR (Time Out) I)k
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Fast Track to SCS/

MB89351

AC CHARACTERISTICS (Continued)

SCSI Bus Interface — Reset Condition

Values
Parameter Designator | Test Conditions Unit
Min. Typ. Max.

RSTI Pulse Width tsrIN 3toLr ns
Reset Delay trsiD CL = 30pF 4t e+ 110 ns
RSTI Input Timing

le tSRN N
1
RSTI
| |
1
! t
INIT, TARG, BSYO, |« it N
SELO, REQ, ACK,
MSG, C/D, 1
/O, ATN,
SDBO0-SDBO7,
SDBOP [ W, ccmem—— e ———————
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MB89351 Fast Track to SCSI

AC CHARACTERISTICS (Continued)

Values
Parameter Designator | Test Conditions Unit
Min. Typ. Max.

From WR High (SCMD Register's Bit 4)

1o RSTO High tRsto CL =30pF 10 80 ns
Reset Delay tRsoD CL = 30pF 110 ns
RSTO Output Timing

] ]
RSTO : '1[

[}

]

INIT, TARG, BSYO, trsop
SELO, REQ, ACK, I'————ﬂ

MSG, C/D,
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Fast Track to SCS/

MB89351

AC CHARACTERISTICS (Continued)

AC Test Conditions (Input)

Logical1 = 2.4Vdc
0.45 Vdc

Logical 0

AC Test Conditions (Output)

2.4 Vdc
0.45 Vdc

Logical 1

Logical 0

Input/Output Pins

Values

Min.

Typ.

=
®
x

Unit

D0-D7,DP

DPO

10

INTR

10

DREQ

10

TARG, INPUT1

INIT, INPUT2

10

SDBOO0 - SDBO7, SDBOP

10

RSTO, SELO, BSYO

10

MSG, C/D, 110

10

REQ, ACK, ANT

10

s|8|8|8|8|8|8]|8|8|3

nlnl(=ln]wn|n|n|n%]=
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MB89351 Fast Track to SCSI

DIP-64P-MO1

64-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE NO.: DIP-64P-M01)

INDEX 1
16.75 (.659)
17.25 (.679)

INDEX 2

L 57.45 (2.262)
58,20 (2.291)

18.8 (.740)
19.3 (760)

0.20 (.008) f

0.30(.012)
pjajuju]njajuiu|n]n|n|a|n|n]nia]a]n]a]n]ja]n]n]n]n]n}y, IMAX
AR

AR y
| | . i ' 10(039) ¥ MN
1.778 + 0.18 . |
_’L (070 %.007) 15 (.059) - l‘MLO_SS (22 0.51 (020) MIN

65.118 (2.170) REF

5.65 (.222)

Dimensions in D64001S-19

inches (millimeters)
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TBD

FPT-64P-MO1

64-LEAD PLASTIC FLAT PACKAGE
(CASE No. FPT-64P-M01)

_

e . 787 (20.00)

o o o

o o

oo .736 + .016

| o o (18.70 +0.40)

= b
O O &

[ o

o o o

[

[ e e INDEX

o -

oo e ws

\HHHHHHHHHHHHHHHHHHH

972+ 016(2470+040)

SNHHAAAARAARARAAARARAN

(2.35+ 0.20)

Dimensions in
inches (millimeters) FGAOOSS—SC'
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MB89352

SCSI Protocol Controller (SPC)
with On-Chip Drivers/Receivers

“GENERAL DESCRIPTION

The MB89352 CMOS LSI SPC (SCSI Protocol Controller) is a circuit designed to make
control of the small computer system interface (SCSI) easier.

The MB89352 can be used as a peripheral LSI circuit for an 8- or 16-bit MPU to realize
high-level SCSI control. The SPC can control allthe SCSlinterface signals, handie aimost all
the interface control procedures and the on-chip driver/receivers allow for direct connection

to the SCSI BUS.

This LSl circuit has an 8-byte FIFO data buffer register and a transfer byte counter that is 24
bits long. Furthermore, the MB83352 can serve as either an INITIATOR ora TARGET device
for the SCSI, and can therefore be used for either an I/O controller or a host adapter.

SCSI Compatibility

o Full support for SCSI control (ANSI
X3.131S #1986 Specification) except
for synchronized transfer mode

e Serves as either INITIATOR or
TARGET

Data Transfer Rate/Byte Counter
¢ 8-byte FIFO data timing control
o 24-bit transfer byte counter

Drive Options (on-chip
driver/receiver)

¢ Single -ended

Selectable Transfer Modes
o DMA Transfer

e Program Transfer

¢ Manual Transfer

Clock Requirements
e 8 MHz clock

Technology/Power Requirements
¢ Silicon-gate CMOS

¢ Single +5V power supply

Available Packaging
o 48-pin DIP or FLAT plastic packages
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MB89352 Fast Track to SCSI

ABSQOLUTE MAXIMUM RATINGS!

. Values
Rating Designator Unit
Min. Max.
Supply Voltage Vee Vss —.03 7.0 \
Input Voltage Vi Vss —.03 7.3 Vv
Output Voltage? Vo Vgs —.03 Vgs+7.3 \"
Operating Ambient °
Temperature Ta 0 70 ¢
Storage o
Temperature Tsta —55 150 ¢
NOTES:

1. Permanent device damage may occur if the above absolute maximum ratings are exceeded.
Functional ogeraﬁon shouldbe restricted to the conditions as detailed in the operational sections of this
da};absltyeet. xposure to absolute maximum rating conditions for extended periods may affect device
reliability.

2. Should not exceed Vg + 0.5V.

RECOMMENDED OPERATING CONDITIONS

Values
Parameter Designator Unit
Min. Typ. Max.
Supply Voltage Vee 4.75 50 5.25 v
Operating Ambient Temperature Ta 0 +70 °Cc
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MB89352 BLOCK DIAGRAM
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Fast Track to SCS/

PIN ASSIGNMENTS
48-Pin DIP '
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PIN ASSIGNMENTS (Continued)
48-Pin DIP

48-Pin Plastic Flat Package

EE BB eppE gkl

48 47 46 45 44 43 42 41 40 39 38 37
RD 1 36 [ INTR
WH 2 351 D7
DREQ ] 3 34 D6
“DACK 4 331 Ds
TIK 5 32 p4
vce 6 31 ] D3
R3T 7 30 | vss
TS 8 29[ D2
AO 9 28 1 D1
Al 10 271 DO
A2 1 26 [ DP
A3 12 251 pPD
13 14 15 16 17 18 19 20 21 22 23 24

vuuuguuuuuuy
BECBBRBE=RR2BE

(FPT-48P-MO02)
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'PIN DESCRIPTIONS

Pin No.
Designator /o] Function
DIP FPT
Vee 48 6 —_ +5V power supply.
Vss 24 30 —_ Circuit ground.
DG 9 15 Ground (OV) forinternal drivers. The SCSI bus drivers can sink
16 22 — | upto48-mA each. Up to 16 drivers can be active at once. We
33 39 recommend a good solid ground plane.
40 46
TIR Clock input for controlling internal operation and data transfer
47 5 | speed of the SPC. .
ST Asynchronous reset signal used to clear all internal circuits of
Input selection enable signal for accessing aninternal register.
When active low, the following input/output signals are valid:
TS 2 8 | RD, WR, A3-A0, DP7-DPO0 and DP.
Address input signals for selecting an internal register in SPC.
AO 3 o MSB s A3; LSB is AO.
ﬁ1 4 10 | When CSis active, read/ write is enabled for aninternal register
2 5 n selected by these address inputs via data bus lines DO-D7 and
A3 6 12 DP
This strobeinputis used for reading outthe contents of the SPC
internal register, and is effective only when TS input is active.
D While RD is active, the contents of an internal register selected
43 1 I by AO to A3 inputs are placed on data bus lines D7 to DO, DP.
For a data transfer cycle in the program transfer mode, the ris-
ing edge of RD is used as a timing signal indicating the end of
data read.
The strobe input is used for writing data into an SPC internal
wR 44 2 I register, and is effective only when TS input is active. On the
rising edge of this signal, data placed on data bus lines DO to
D7, DP are loadedinto an internal register selected by AOto A3
inputs. For a data transfer cycle in the program transfer mode,
the rising edge of this signal is used as a timing signal indicating
data ready status.
Used to write/read data to/from an internal register in the SPC.
Do 2 27 /O |  Thedatabusis3-state andbidirectional. The MSBis D7 andthe
D2 23 29 LSB is DO; DP is an odd parity bit.
D3 25 31 . .
D4 26 32 When both TS and RD inputs are active, the contents of a se-
D5 27 33 lectedinternal register are output to the data bus. In operations
B§, gg % other than read/write, the data bus is kept at a high-Z level.
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MB89352

PIN DESCRIPTIONS (Continued)

Pin No.
Designator o] Function
DiP FPT
DPO 19 25 O | Outputs an odd parity of DO-D7. If parity bitis not generated for
external memory, DPO can be used as an input parity bit for DP.
The INTR output signal is issued by the SPC and requests an
interrupt to indicate completion of an internal operation or the
INTR 30 36 o | occurrence of an error.  Except for an interrupt caused by the
RSTI input (reset condition in SCSI).
When an interrupt request is granted, the INTR signal remains
active until the interrupt is cleared.
For adata transfer cycle in DMA mode, this signalis usedtoindi-
cate arequest for data transfer between the SPC and the exter-
nal buffer memory. In an output operation, this signal becomes
active torequestadata transter from the external buffer memory
when the SPC internal data buffer register has free space avail-
DREQ 45 3 O | able. In an input operation, it becomes active to request data
transfer to the external buffer memory when the SPC internal
data buffer register contains valid data.
An active low response signal to the DREQ which request data
transfer in between SPC and the external memory in the DMA
mode. This signal in DMA mode functions similarly to the signal
combination of CTS=low, A3=high, A2=low, A1-high, and
AO=low (selection of DREG) in the program transfer mode.
Since the DREG is selected by this DACK signal in the DMA
DACR mode instead of the address input from A3-A0, data transfer in
46 4 I' | between DREG of SPC and external memory is possible.
Active low bi—directional SCSI data bus.
el 17 23 _ _
15 21 MSB : 8D7, LSB : SDO
e 14 20 Odd parity bit  : SDP
13 18
Shd 11 17 | 1O | Parity check for the SCSI data bus is programmable.
SD5 10 16
SD6 8 14
SD7 7 13
SDP 18 24
— A signal toissue or detect selection or reselection phase. In se-
SEL 34 40 I/O | lection phase, an initiater asserts this signal, and in reselection
phase the signal is asserted by the target.
This signal indicates the SCSI bus use condition.This signal
BSY 32 38 /O | goes“L"whenSPCisin arbitration phase orworking as atarget.
Also, this signal is used to detect bus free phase with SEL sig-
nal.
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PIN DESCRIPTIONS (Continued)

Pin No.
Designator Vo Function
DIP FPT
j%e] 38 42 Signals to indicate actual phase of information transfer phase
CID as follows:
MSG
/o MSG C/D o Phase Name
0 0 0 Data Out Phase
0 0 1 Data In Phase
0 1 0 Command Phase
0 1 1 Status Phase
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Message Out Phase
1 1 1 Message In Phase
These signals are output from the target and initiator receives
them always.
In the data transfer phase, the REQ signal is used to notify the
REG 39 45 o | INITIATOR that the TARGET is ready to receive or send data.
The REQ input is used as a timing control signal in the data
transfer sequence.
In the data transfer phase, the acknowledge signal is in re-
ATR 41 47 1O | sponseto atransferrequest (REQ) signal from the TARGET. In
the sameway as REQ, an ACKinputis usedas atiming signalin
the data transfer sequence.
ATN 42 48 o | Asignaltoindicate attention condition. This signalis only output
from an initiator.
SCSi reset signal to be enabled by register setting. SCSI input
SRST 31 37 /O | from other SCSI devices is non-maskable.
NC 12,37 19, 43 —_
(RNC) No connectors
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MB89352

ADDRESSING OF INTERNAL REGISTERS

SPC has internalregisters consisting of 15 bytes that are accessible from an external circuit. These internal registers
are used for controliing SPC internal operation andindicating SPC processing status/resultstatus. A unique address
is assignedto each internal register, and a particular register is identified by address bits A3 to A0. The following table
shows internal register addressing:

Internal Register Addressing

CS | A3| A2| A1| AO| Operation Register Name Abbr
0 0 (0] 0 0 Read/Write Bus Device ID BDID
(o] 0 0 0 1 Read/Write SPC Control SCTL
0 o] 0 1 0 Read/Write Command SCMD
0 0 0 1 1 — Open —_
Read Interrupt Sense
0 o] 1 0 0 INTS
Write Reset Interrupt
Read Phase Sense PSNS
0 0 1 1] 1
Write SPC Diagnostic Control SDGC
Read SPC Status
0 0 1 1 0 SSTS
Write —
Read SPC Error Status
0 (o] 1 1 1 SERR
Write —
0 1 0 0 0 Read/Write Phase Control PCTL
Read Modified Byte Count
0 1 0 0 1 MBC
Write —
0 1 0 1 0 Read/Write Data Register DREG
0 1 0 1 1 Read/Write Temporary Register TEMP
0 1 1 0 0 Read/Write Transfer Counter (High) TCH
0 1 1 0 1 Read/Write Transfer Counter (Middle) TCM
0 1 1 1 0 Read/Write Transfer Counter (Low) TCL
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BIT ASSIGNMENTS

The following table shows the bit assignments to each internal register. When accessing an internal register (in
read/write), remember the following:

1. Theinternalregister block includes the read—only/write—only register and those having different meaningsin

read and write operations.

2. A write command to a read-only register is ignored.

3. If the write—only register is read out, the data and parity bit are undefined.

4. Atbit positions indicating “_" for a write in either 1 or 0, may be written.

Bit Assignments for Internal Registers

Register | R/'W
HEX and Oper- 7 6 5 4 3 2 1 0 Parity
Address | Mnemonic| ation | (MSB) (LSB)
Bus R #7 | # #5 # | #3 #2 # #0 0
0 Device ID
BDID w —_— —
( ) 1D4 1D2 D1
SPC Reset [Con- | Diag | ARBIT| Parity | Select | Resel| INT
1 Control R/W | & Dis~|trol ect P
(SCTL) able |Reset | Mode | Enable| Enable | Enable| Enable| Enablel
Command| R RST | inter— Transfer Modifer
cept PRG Term | . p
2 (SCMD) w Command Code Out | Xfer Xter | 0 ]Mode
R
3
w
Interrupt Selec—| Resel—| Discon{ Com~ | Ser— | Time | SPC | Reset
Sense R mand | vice Ret Hard | CondiH o
4 ted ected | nect Comp— quired | Out Error | tion
plete
(SERR) w Reset Interrupt -
Enase R | rea|ack | ATN |seL |Bsy | msa [co |wo | P
(PSNS)
5 -
ape Diag. Diag. | Diag. | Xfer Diag. | Diag. | Diag. | Diag. | __
(SDGC) W | Rea! Ack | Enable Bsy |mse |co | wo
SPC R Connected SPC | XFER | SCsI DREG Status
Status In Pro— TC=0 P
6 |(ssTs) T |TaRG | BSY |gress | RsT Ful | Empty
w — —_
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Bit Assignments For Internal Registers (Continued)
Register | R'W
HEX and Oper- 7 6 5 4 3 2 1 0 Parity
Address | Mnemonic| ation | (MSB) (LSB)
SPC Data Error Xfer TC Short
7 | Eror R 0 |Parity | o 0 P
Status SCSI | SPC | Out error Period
(SERR)
Bus
Phase Free Transfer Phase
Control —
. (PCTL) W 'r::ft’ 0 mMsc |co |wo | P
Enable Out Out Out
Modified MBC
Byte P
9 Counter R °
(MBC) gz | B2 | Bt | sio
Data Internal Data Register (8 Byte FIFO)
Register P
A (DREG) RW| Bit7 | Bis | sits | Bit4 | Bital Biz | Bitt | Bio
Temporary)| R Temporary Data (Input: From SCSI) P
B Register Btz | Bits | Bits | Bit4 | B3] B2 | Bit1 | Biwo
(TEMP) w Temporary Data (Output: to SCSI)
Bt7 | Bits | Bits | B4 | B3| B2 | Bit1 | Bwo| P
Transfer Transfer Counter High (MSB)
Cc Counter
High RW
(TCH) Bit23| Bit22| Bit21l Bit201 Bit191 Bit18| Bit17| Bitlg P
Transfer Transfer Counter High (2nd Byte)
D Counter R/
Mid. w
(TCM) Bit15] Bit14] Bit13] Bit12] Bit11] Bit10] Bit9 | BiB| p
Transfer
E Counter RW Transfer Counter High (LSB)
Low
(TCL) Bit7 | Bité | Bitsl Bit4J Bit3| Bit2| Bit1 ] Bto| P
External R External Buffer
F Buffer
(EXBF) w Bit7 | Bit6 [ BitS | Bitd l Bit3| Bit2| Bit1 ] Bito| P

These bit assignments for internal registers are identical to those in the MB87030, MB87031, and MB89351.
Therfore, SPC replacement from them to this MB89352 is very easy and it does not require any new software design.
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DC CHARACTERISTICS (Ta=0-70°C, Vcc=5V (+5%))
(Recommended operating conditions unless otherwise specified)

SCSI Bus Signal Pins

Values
Parameter Designator Conditions Unit
Min. Typ. Max.
Input High Voltage ViH 20 - 5.25 v
Input Low Voltage ViL 0 — 0.8 \"
Input High Current [ V4 = 5.25V - 100 400 mA
Input Low Current I V=0V — -100 —400 mA
Output Voltage VoL Vee =4.75V -— — 0.5 Vv
loL =48 mA

Input Hysteresis Width Vim —_ 0.2 0.4 —_ \"
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DC CHARACTERISTICS (Continued)

MPU Bus Signal Pins

Values
Parameter Designator Conditions Unit
Min. | Typ. Max.
Input High Voltage ViH 2.2 — | Vec+03 v
Input Low Voltage ViL Vgg— 03| — 0.8 \
Output High Voltage Vo lon=-04mA 4.0 Vee '
Output Low Voltage Vou loL =+3.2mA Vs 04 \Y;
Input Leakage Current i Vi =525 20 mA
T Vi =0.0 -10 mA
Input/Output Leakage Iz Viy =5.25 40 mA
Current ]
LZH Vi =0.0 -40 mA
Power Supply Current lce Input Clock = 8 MHz 10
AIrOutput Pins Open
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AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted)

Clock Signal

Values Unit
Parameter Designator Min. Typ. Max.
CIR Cycle Time toLr 125 200 ns
TIRK High Time tcHeL 44 ns
TLK Pulse Width toLcH 44 ns
CLK Rising Skew Time t, 10 ns
CLK Falling Skew Time t; 10 ns
Clock Signal Timing

PR

TR pav

[\
o
<
(=]
23
<

« b tt —p

¢ teLr
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MB89352

AC CHARACTERISTICS (Continued)

Parameter

Designator

Values

Typ.

Max.

Unit

RST Pulse Width

tRsTW

100

ns

RST
0.8V h

Reset Input Timing

»

tRsTW

g
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AC CHARACTERISTICS (Continued)

Values
Parameter Designato! Unit
Min. Typ. Max.

Address Setup Time tars 40

Address Hold Time tARH 10

TS Setup Time ters 25 ns
TS Hold Time tcRH 10

Data Valid Time (from RD Low) (C{ = 80pF) tRwD 80

Data Valid Time (from RD Hi gh) (Cy = 20pF) tRHD 10 60 ns
RD Pulse Width trD 120 ns

Register Read Timing

AO-A3 I 2.0V P R 2 ——— ViH
0.8V 0.8V A \=-=----=c-co-- ViL
1

]
YooV 2.0V
D0-D7, DP X VALID ’k
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MB89352

AC CHARACTERISTICS (Continued)

Values
Parameter Designator Unit
Min. Typ. Max.

Address Setup Time taws 40 ns

Address Hold Line tAWH 10 ns

TS Setup Time tows 25 ns
TS Hold Time towH: 10 ns
Data Bus Setup Time tows 30 ns

Data Bus Hold Time town 20 ns

WR Pulse Width twr 100 ns

Register Write Timing

]
AO-A3 Y oov 2.0V
0.8V 0.8V

tcws|4—p| |1 twa >| H town

Do-D7, DP +2ov 2.0V %
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AC CHARACTERISTICS (Continued)

Values
Parameter Designator| Test Conditions Unit
Min. | Typ. Max.
Data Bus (DO - D7) Valid to DPO Va|i'! topvD CL = 30pF 60 ns
DPO Timing

>{ 2.0V
Do-D7
|

0.8V

l ¢ topvD , l

DPO

20V
0.8V
I
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MBg9352

AC CHARACTERISTICS (Continued)

Values
Parameter Designator| Test Conditions Unit
Min. Typ. Max.
WR High to INTR Low (Interrupt reset) twHIR CL=10pf towr e +100] s
INTR High to WH High tiawL 0 ns
INTR Reset Cycle Time twrey 4tor ns
NOTE: Applicable only when interrupt reset is executed.
Interrupt Output Timing
‘ L L
20V ) !
INTR | tRwL l twnirh, 0.8V
1
! '
WR 2.0V 2.0V

tVVRbY ’l

)
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AC CHARACTERISTICS (Continued)

Values
Parameter Designator | Test Conditions Unit
Min. Typ. Max.
DREQ High to DACK Low toHaL 0 n
WR and RD Service Time
(from DATK Low to WR or RD Low) tarw 4@ ns
DREQ Release Time
(from WR or AD Low to DREQ Low) (Note) tAwDL CL=30pF % 150 ns
DACK Hold Time
(from WR or RD High to DACK Low) A 10 e
DREQ Interval YooK 0 ns
(from DREQ Low to DREQ High)
DREG Access Cycle Time (1) tRwey 2Acir ns
DREG Access Cycle Time (2) tomcy 3tewr ns

NOTE:  The WR parameter is applicable when data buffer register will be full; the RD parameter is applicable when the data buffer
register will be empty.

DMA Access Timing
toLoH
1 ""“—"‘"
2.0V ! 2.0V
DREQ ‘ 0.8v A |
t
DHAL" ’l l‘ tawoL ’I
(.
DACR 1 !
U} 2.0V
0.8V | |
+ R

i
'ARWL'.: H trwaH
[
|

WR. RD 1 2.0V \ i
\o-8v 0.8V 0.8V 0.8V
1 le tRwey. » 1
¢ tomey »|
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AC CHARACTERISTICS (Continued)

Values
Parameter Designator | Test Conditions Unit
Min. Typ. Max.

RD Service Time
(from INTR High to RD Low) UKL 0 ns
INTR Release Time _

(from RD High to INTR Low) (Note) tRHIL CL=20pF 3 150 ns

INTR Recovery Time

(from INTR Low to INTR High) tiuw 0 ns
RD Recovery Time 5

{from RD High to RD Low) tRHAL ns

DREG Access Timing (Input Operation)

1 I t I
2.0V s T
INTE 4 0.8V !

1HR t
le .‘I' RHILlH -
1 ! e g

RD ] 2.0V 20V !
0.8V ( 0.8V X

NOTE: This parameteris applicable when the data buffer register will be fullin the output operation and empty in
the input operation.
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AC CHARACTERISTICS (Continued)

Values
Parameter Designator | Test Conditions Unit
Min. Typ. Max.
WR Senvice Time ) 0 ns
(from INTR High to W Low) WL
INTR Release Time = 150
(from WR High to INTR Low) (Note) twu CL=20pF ® s
INTR Recovery Time
(from INTR Low to INTR High) tm 0 s
WR Cycle Time twrey 2teLr ns
DREG Access Timing (Output Operations)
& tun—|
INTR 1 Vo0V
0.8v |
! '
! 1
! !
twui je—>] j&— tIHWL—-D|
1 ]
WR ! 1
| ! ! 1
0.8V 0.8V \ 0.8V 0.8V
e twrcy: »
NOTE: This parameteris applicable when the data bufferregister will be full in the output operation andemptyin
the input operation.
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AC CHARACTERISTICS (Continued)

SCSI Bus Interface Selection Phase Timing

Values
Parameter Designator Unit

Min. Typ. Max,
Bus Free Time tera 4tcLr+50
Start of Arbitration teraL B+n) ' x tour (7+n) x fcLr+60
BSY Low to Self ID# Output tBuD 0 60
BSY Low to Prioritize tars 32tcL—60
Data Bus Valid to Prioritize faipv 200
Bus Usage Permission Granted {awsL 0 80
to SEL Low
SEL Low to Data Bus ID Output, {sipa 11fcL—30 ns

ATN Low
Select ID# Output to BSY High tipe 2fcir-80
BSY Low to SEL High tBLsH 2ar
BSY Low to Select ID# Hold tBioH 2ar
BEL High to INTR High {sHR 60
SEL Low to BSY High, ID Bit High {sacr 3fcir+180
Prioritizeto ~ BSY High, trecr 10
ID Bit High
*1 n:TCL register value
* 2 Bus Free Time : The minimum time period until the booked select command will be executed.
All SCSI Timing Signals
Note: All SCSI timing signals are defined according to the following rules:
SCST signals =
(Active Low) \
—— (1) >re @ e ®)

(1) The SPC outputs low level signal to the bus.
(2) All devices hooked up to the bus do not output low level signals.
(3) Other devices hooked up to the bus outputs low level signal.
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AC CHARACTERISTICS (Continued)

SCSI Bus Interface Selection Phase Timing

Initiator with Arbitration Timing
terr
tsBcr trecr
&k ) \
= _ A "N ) __
teraL tiosH teLsH
‘e i p—
tawsL
=i e
\ /
\ \ /
SEC \ y
tans tai |
tsup
—t -
So7-oF Y Y
taov
g
tsioa
\
ATN \
'(SHIR_
INTR
(Command Complete)
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MB89352

AC CHARACTERISTICS (Continued)

Values
Parameter Designator Unit
Min. Typ. Max.
BSY High to Select ID# Output trRiD (6+n) x tour (7+n) x tcLF+140
1D# Output to SEL Low tiost 11tcLr-80
SEL Low to ATN Low tsLar 11tcLr-80 ns
BSY Low to SEL High taisk 2tewr
BSY Low to ID# Hold {BiDH 2teir
SEL High to INTR High {sHiR 60
Initiator without Arbitration Timing
BSY / \ \
—
~—1 taLs
SEC \
j %~ {FRID tiost — j— {BIDH
SD7-0,P
—> tswl‘
ATN }\
=™ tsuR
INTR
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AC CHARACTERISTICS (Continued)

Values
Parameter Designator Unit
Min. Typ. Max.

SEL Low to BSY High tsteH ]
Data Bus Valid (ID#) to BSY High tiosH 0
T70 High to BSY High tions 0
BSY High to BSY Low tanBL dfcLr 5tcLr+140
BSY Low to ID# Hold teup 60 ns
BSY Low to SEL High taLsH 0
SEL High to Phase Signal Output tsHpH 3lcir 4icLr+160
V7O Low to Data Bus Output tioe TeLr
SEL High to INTR High tsHiR 3tcir+130

BSY
—_— )
tsLeH -

SEC

Target with Arbitration Timing

/Y

je— {gpL ~P]

m

— {oLsH >

tiosH [ =1 taLiD
SD7-0,P
— tons e+ e {sHpH ——}&—— {iODH
oo f )
INTR =1 {SHIR
(Selected)
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MB89352

AC CHARACTERISTICS (Continued)

Values
Parameter Designator Unit
Min. Typ. Max.

Data Bus Valid (ID#) to SEL Low tiost 0
O High 10 SEL Low tioks 0
SEL Low to BSY Low tsieL 2Aorr 3tcir+130
BSY Low to ID# Hold tsup 60
BSY Low to SEL High tBLsH 0 ns
SEL High to Phase Signal Output tswPH 3teir 4tcLr+160
VO Low to Data Bus Output tiooe Tiewr
SEL High to INTR High tsHR 3lcLF+130

s\

\

Target without Arbitration Timing

j&— {sipL —>te— {pLsH —™

— teuo\J/Z

tioHs

je— {sHPH —®

j—— {i0DE

y

tiosL =™
SD7-0,P
—

INTR

= tsHiR r

\

/

(Selected)
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AC CHARACTERISTICS (Continued)

SCSI BUS INTERFACE - RESELECTION PHASE TIMING

Values
Parameter Designator Unit
Min. Typ. Max,
Bus Free Time'2 tern 4fcLr+50
Start of Arbitration teraL (6+n") x towr (7+n) x toLr+140
BSY Low to Self ID# Output teup 0 60
BSY Low to Prioritize {ars 32tcL-60
Data Bus Valid to Prioritize taov 200
Bus Usage Permission Granted to SEL Low tawsL 0 80
SECLowto Data Bus ID Output, tsiop 11tcL50 ns
Phase Signal Output
Select ID# Output to BSY High tioeH 2fcLr-80
BSY Low to BSY Low Output {0 2tcLr+20 3tcir+140
BSY Low to SEL High {BLSH 2AcLr
BSY Low to Select ID# Hold tBiDH 2AcLe
SEL High to INTR High {sHiR 60
SEL Low to BSY High, ID Bit High fsecr 3tcLr+180
Prioritizeto  BSY High, tracr 110
ID Bit High
*1 n : TCL register value
*2 Bus Free Time : The minimum time period till the booked select command will be executed.
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AC CHARACTERISTICS (Continued)
Reselection Timing (Target)
EBLR tsecr trecr tsiso
- < — —
| /
B A4 PN / \________—-———
tersL tioH
teLsH
tawsL - i
D -
SELC \ \ ' /
- tars - be- BIDH
teLiD
—
S07.5,P Y Y
tsiop
o \
TD \
MG
tsHIR
i
INTR
(Command Complete)
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Values
Parameter Designator Unit
Min. Typ. Max.
SEL Low to BSY High tsieH 0
Data Bus Valid (ID#) to BSY High tios 0
170 Low o BSY High tios 0
BSY High to BSY Low tBrHBL 4fcLr StcLr+140
BSY Low to ID# Hold tsup 60
BSY Low to SEL High teLsH 0 ns
SEL High to BSY Low Output tsHso 2lelr 3tcLr+140
SEL High to Data Bus Valid tsHoE 3tcLr+30 4lcLF+160
~ (When T0 is High)

SEL High to 70 High {sHio 200
SEL High to INTR High {sHR 3fcr+130

Reselection Timing (Initiator)

taLsH

/———
- \_—_; tsHBo L
/

tstH *1*— faHBL —™

y

[ toH —™i{sui [ tsHDE
SD7-0,P

—>{ tios I* [ {sHio
,,,Ve, - \ .

= ftsHrR '
INTR Ar

(Reselected)
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AC CHARACTERISTICS (Continued)

SCSI BUS INTERFACE - INFORMATION TRANSFER PHASE TIMING

Values
Parameter Designator Unht
Min. Typ.
T High to Data Bus Output tuoe 10
Phase Set to REQ Low tPHRL 100
REQ Low to ATK Low traoL 20
Data Bus Valid o ACK Low tovip 2fcLr-80
ACK Low to REQ High taotr 0
REQ High to ATK High tRaoH 10
ACK High to REQ Low taokR 0 *
REQ High to ATK Low tracy 2ter
REQ High to Data Bus Hold toivo 15
REQ Low to ATN High *1 traTH 2Acir
ATN High to ACK Low *1 {ATHA fol-20
REQ Low 1o Phase Change *2 {RLPH 3tcLr
ACK High to Phase Change *2 tAnPH 10
1 This spec is applicable to the last byte transfer of message out phase in hardware transfer mode.
2: When the transfer phase is changed, both tRLPH and tanPH should be specified.
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AC CHARACTERISTICS (Continued)

Asynchronous Transfer Output Timing (Initiator)

tracy >

e \ / -

j @~ {pHRL =t~ tRAOL —@ {AOLR te— tRAOH —Sj&- tAOHR

\ 4 \

SD7-0,P

ot  {AHPH -

- tRLPH
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MB89352

AC CHARACTERISTICS (Continued)

Values
Parameter Designator Unit
Min. Typ. Max.
TO Low to Data Bus Output tiooe Tour
Data Bus Valid to REQ Low fovio 2tcLF-80
ATK Low to Data Bus Hold tovp 15
REQ Low 10 ACK Low froLa 0 ns
ATK Low to REQ High tAROH 10 180
REQ High to ACK High {ROHA 0
ACK High to REQ Low faroL 10
ACK Low to REQ Low tracy 2ter
Asynchronous Transfer Output Timing (Target)
) \
REQ
E’
troLa
14 {aroH troHA “®1%— taroL —*
4
ACR

tracy
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Fast Track to SCS/

AC CHARACTERISTICS (Continued)

Parameter Designator Unit
Min. Typ. Max.
T70 Low to Data Bus Qutput Terminate fioe 140
Phase Set to REQ Low tPHAL 100
Data Bus Valid to REQ Low tostu 10
REQ Low to ATK Low tRaoL 20
ATK Low to HEQ High taoLr 0
ACTK Low to Data Bus Hold {DHLD 15 ns
REQ High to ACK High tRaoH 10
ATK High to REQ Low taoHR 0
REQ High to ATK Low trRacy 2Aetr
ATN Low to ATK High! taran foLr-20
REQ Low to Phase Change? tRLPH storr
ATK High to Phase Change? tanPH 10
Notes:

1. Applicable to the last byte transfer of message out phase in hardware transfer mode.

2. When the transfer phase is changed, both tg; py and taypy should be specified.
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MB89352

AC CHARACTERISTICS (Continued)

ATN

Asynchronous Transfer Input Timing (Initiator)

- tracy

|
\___/
fe——— {pHRL =1« {RAOL "¢ tAOLA »1e~ {RAOH 1€ {AOHR
\ A \
toHLD
tosTu e
SD7-0,P { l
"ltATAH"—
tuoo
—»} {aHPH e

tRLPH

l—
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Fast Track to SCS/

AC CHARACTERISTICS (Continued)

Values
Parameter Designator Unit
Min. Typ. Max.
170 High to Data Bus Output Terminate tiooo 30
Data Bus Valid to ATK Low tostu 10
REQT High to Data Bus Hold foHLD 15
REQ Low to ATK Low trota 0 ns
ATK Low to REQ High tAROH 10 180
REQ High to ACK High tRokA ]
ATK High to REQ Low faroL 10
ATK Low to REQ Low tracy 2ler
Asynchronous Transfer Input Timing (Target)
\
REQ \ ) 4 \
g s taroH —®T* troHa ~PT¥— taroL =™
- tracy >
o
tosTy e— toHLD
SD7-0, P ‘
/(o]
T
MSG
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MB89352

AC CHARACTERISTICS (Continued)

Values

Parameter Designator
Min. Typ.

Unit

From WR High to MSG, T/D, IO change tPHCH 10

130

Transfer Phase Change Timing (Target)
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Fast Track to SCSI

AC CHARACTERISTICS (Continued)

Values
Parameter Designator Unit
Min. Typ. Max.
From WH High to Data Bus Valid for
TEMP Register twRDV 130 ns
From WR High to REQ Low, ACK Low
for SET ACK/REQ Command tsTRA 2 or Stetr +80 s
From WR High to REQ High, ACK High
for RESET ACK/REQ Command tRTRA 2 ar Steir +90 ns
NOTE:  Timing relationships not shown are the same as those for asynchronous transfers.

u EMP)

Manual Transfer Timing

! twrov (SCMD) tsTRA

REQ (Target
ACK ((In?;?or))

T\

(SCMD)

tRTRA
h—»l
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MB89352

AC CHARACTERISTICS (Continued)

SCSI BUS INTERFACE ~ ATTENTION CONDITION

— mose e

Values

Parameter Designator

Typ.

Unit

From WR High to ATN Change

(SET/RESET ATN Command) tWATN

2Aer

Stor +90

ns

Attention Condition Timing (Initiator)
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AC CHARACTERISTICS (Continued)

SCSI BUS INTERFACE - BUS FREE

Values
Parameter Designator Unit
Min. Typ. Max.
BSY High to Bus Clear teHcR 5icLr+140 ns
BSY High to INTR High tBHIR 6tcLr+80 ns

Initiator Disconnected Timing

y
BSY __—/

¢~ {BHCR ———]
ATN /

y
ACR /
SD7-0, P Y
tBHIR

INTR /
(Bus Free)
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MB89352

AC CHARACTERISTICS (Continued)

Values
Parameter Designator Unit
Min. Typ. Max.
WR High to Bus Clear tercr 3icLr+100 ns
(Bus Release Command)
Bus Release Timing (Target)
WR
tBRCR ———
= m/
SD7-0,P \/
=
REQ /
" _/
oD _ /
visie] /
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AC CHARACTERISTICS (Continued)

Values
Parameter Designator Unit
Min. Typ. Max.
WRHighto  SEL, SD7-0, P, 7O High tarcr 3cLr+100
(Reset Time Out Interruption) ns
WH High to INTR Low twair 3tcLr+60

Timeout Timing (Selection/Reselection Phases)

AN |

j——— {BRCR ==———t>

= /
SD7-0,P /
REG 7

jg— {WRIR ~—

INTR \
(Time Out)
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AC CHARACTERISTICS (Continued)

SCSI BUS INTERFACE - RESET CONDITION

Values
Parameter Designator Unit
Min Typ Max
WR High to SRST Low
(Write *I" to SCMD Bit-4) twRsT 10 110
ns
Reset Delay trRTOD 140

SRST Signal Transfer Timing

m N\

jg————— {WRST =i}

j¢——— tRTOD ——]

AllSCSI /
Signals o

(Except SRST)
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MBB89352 Fast Track to SCS/

AC CHARACTERISTICS (Continued)

SCSI BUS INTERFACE - RESET CONDITION

Values
Parameter Designator Unit
Min Typ Max
SRST Pulse Width tRsTW 3terr .
s
Reset Delay trRTID 4t p+ 200

SRST Signal Acceptance Timing

jg¢— tRSTW —>]
-\
\4
tRTID
y

All SCSI
Signals /
(Except SRST)
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MB89352

AC CHARACTERISTICS (Continued)

Values
Parameter Tvp. Max. Unit
D7 - Do, DP - 80
DPO, INTR, DREQ 10 30 oF
SD& - SDO, SDP - 300
TRST, SEL, BSY, IO, TID, MSG, REQ, ACK, ATN o 300
The AC characteristics of all SCSI bus signal pins are measured on the following test circuit.
Test Point
Y
110 Q2
MB89352
Signal Pin J_
DG CL = 300 pF

77 165 Q

>

(including tester’s

capacitance)
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PACKAGE DIMENSIONS

DIP-48P-M02

48-LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE NO.: DIP-48P-M02)

.034 +.020 (0.87 + 8-50)

> |e = ¥ 15° MAX
[ o | f

543 +.010
(13.80 +.0.25)

600 +.010
(15243 0.25)

. 0. (0.25+ 0.05)
o12 0.30
) g { 1950496 MAX
.18 (3.00) MIN
o050 * 920 n 018+ 008 1020 (0.51) MIN
ve 27 1050, (0.46 + 0.08)
Pl LU D48003S-2

294



Fast Track to SCS/ MBB89352

PACKAGE DIMENSIONS (Continued)

48-Lead Plastic Flat Package

FPT-48P-M02

48-LEAD PLASTIC FLAT PACKAGE 44 (249
(CASE NO.: FPT-48P-M02) MAX

4 1 071+ 012
INDEX jen12:002. (180’3 0.30)
{0.30 + 0.06)
+0.05
—— 15 +008)
006 (0.15)
MAX
Dimensions in
inches (millimeters) 024 (0.60) F4B0025-5C
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Appendix 1

SPCDRIVEREXAMPLES IN
8086 ASSEMBLY LANGUAGE

The following code is a group of routines, written in 8086 assembly language, that
demonstrate the essential elements necessary for the implementation of a SCSI driver
using Fujitsu’s family of SCSI controllers. These routines make certain assumtions about
the hardware interface, but are software compatible with all the Fujitsu SCSI controllers.

For this example the controller is memory mapped somewhere in the IMB address space
of the 8086. This example assumes that the controller will be used in a polled
environment (not interrupt driven) using programmed I/0O (no DMA). Using the device
in this mode requires much more code than an interrupt driven/ DMA environment but
the code will be less dependent on system hardware. At the end of this example is a
re-write of the data transfer routine using DMA transfers instead or programmed 1/0.
As can be seen the code is considerably smaller and simpler.

These routines use short (16-bit) pointers to keep the code relatively simple, but this
limits the size of the transfer buffers to 64K bytes (due to the 8086 family’s segmentation
limitation). Even though the transfer routines and the SPC will take up to a 24-bit (28-bit
MB87033) transfer length, allowing transfers up to 16M bytes, this size cannot be
accomodated without re-writing the transfer routines to support segmented (20-bit) or
80386 extended (32-bit) pointers.

This code is intended to show the programming and operation of the major functions of
the Fujitsu family of SCSI controllers. It is not intended as a tutorial of the SCSI protocol
or to show the construction of a driver for an SCSI host adapter.

This code was tested for syntax errors under the following assemblers, using the SMALL
model

Borland TASM 1.0
Microsoft MASM 5.1;
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Kk ok ko gk ok %k k% k ke kK ok sk ok sk ok ok ok ok ok sk ok %k ok gk ok ok ok ok Sk ok %k %k ok sk ok ok ok ok ok ke sk %k ko ok sk ok ok ke kR ok ok ok ok ok
’

; For detailed information on the SCSI protocol see the
; spec entitled

ANSI Small Computer System Interface (SCSI)
! ANSI X3.131-1986

American National Standards Institute, Inc.
1430 Broadway
New York, NY 10018

%
;
;
;
;
;
;
;
;
; ;
; ;
ﬁ***********************************************************#
; ;
; For information on Fujistu’s SCSI controllers ;
; contact: ;
: Fujitsu Microelectronics, Inc. ;
3545 North First Street N
San Jose, CA.95134-1804 !
(408) 922-9000 ’

;

;

;

*

~.

or your local Fujitsu representative.

Ne Se Se S

Pk Kk k ok k ok kK Ak ok hk Kk k kK kA Kk kA Kk AR KKK AR KA KA KA KK kA Kk ko kkkkkkk kkok

Copyright (C) 1989 Fujitsu Microelectronics Inc.
Copyright (C) 1989 Galbo and Associates, Inc.

NSe Se Ne Ne  Se N
Se Ne Ne Se Se wo

KA AR A A A KKK A AR Ak A A Ak Ak kA kA Ak kkhkkkkkhkkkhhkhkhkhkhkhkkhhkkk
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KA Kk kKK hkhk Ak k kA kA kkkhkkk kA kkkhkhkkkhkhkhkkkkhkhkhkhkkhkhkhkkhkhkkkkkkhkkkkkk

’

equates

%k Kk %k K ok %k Kk %k Kk %k Kk kK ok %k ok g ok de ok de k% ok %k ok %k ok ok Kk %k %k %k %k %k ok %k dk sk sk %k %k ok %k ok ok Kk ke k% %k ke ok k ok ke k ke ok

.model small

.code

~e NS

~

H SPC memory mapped register addresses

BDID equ
SCTL equ
SCMD equ
TMOD equ
INTS equ
PSNS equ
SDGC equ
SSTS equ
SERR equ
PCTL equ
MBC equ
DREG equ
TEMP equ
TCH equ
TCM equ
TCL equ
EXBF equ
SPC_OFFSET

SPC_SEGMENT

N Ne N

READ
WRITE

SCsI

’

<byte
<byte
<byte
<byte
<byte
<byte
<byte
<byte
<byte
<byte
<byte
<byte
<byte
<byte
<byte
<byte
<byte

ptr
ptr
ptr
ptr
ptr
ptr
ptr
ptr
ptr
ptr
ptr
ptr
ptr
ptr
ptr
ptr
ptr

= 1££0h
= 0dcO0h

SELECTION_TIMEOUT

BUS_DELAY

’

time—out values

es: [bx+0]>
es: [bx+1]>
es: [bx+2]>
es: [bx+3]>
es: [bx+4]>
es: [bx+5]1>
es: [bx+5]>
es: [bx+6]>
es: [bx+7]1>
es: [bx+8]>
es: [bx+9]>
es: [bx+10]>
es: [bx+11]>
es: [bx+12]1>
es: [bx+13]>
es: [bx+141>
es: [bx+15]>

Data transfer mode

~

= 4400

S Ne

275 msec.
1200 nsec.

bus ID

SPC control

SPC command

transfer mode

interrupt sense

phase sense

SPC diagnostic control
SPC status

SPC error status

phase control

modified byte counter
data register (FIFO)
temp register

transfer counter high
transfer counter middle
transfer counter low
external buffer register

assume SPC is memory mapped
at this address 9seg:o0fs0

read mode for data transfer routines
write mode for data transfer routines

@ 8MHz clock
@ 8MHz clock
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; Selection return values

,

SELECTED = 100 ; target successfully selected
LOST_ARBITRATION = -100 ; lost control of SCSI bus to another
INITIATOR
TIMEOUT = -101 ; selected target did not respond
; hardware error occured during selection

ERROR_INTR = -102
; Data transfer return values

’

OK = 200 ; transferred all bytes without error

OKPAD = 201 ; transferred all bytes plus padding

SERVICE_REQUIRED = —-200 ; early phase change, didn’t transfer all
; parity error during transfer

PARITY_ ERROR = —-201
; Phase decoder return values

NO_PHASE_REQUESTED =0 ; target’s REQ signal negated
ILLEGAL_ PHASE = -300 ; target requesting undefined phase
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Tk Kk K K KKk Kk ok kKKK KA KA KA A KA A A A AR AR A Ak kkk kA KK AR AR AR ARk kkkhkkkkkkk*

; constants H

;************************************************************;
.data ; data area

Addr21ID db 1, 2, 4, 8, 16, 32, 64, 128

SPC_Pointer label dword

SPC_Ofs dw SPC_OFFSET

SPC_Seg dw SPC_SEGMENT

;************************************************************i

; global variables ;

F Rk kR kK kKK kKKK KR KA K kA KR KKK KA KA A KA KK AR AR Kk Kk A Kk kkkkkkkkkkkk kK
.data? ; unitialize data area

@datalength label dword ; length of transfer for DATA

IN/OUT phase

@datalength lo dw 0

@datalength_hi dw 0

@dataptr dw 0 ; pointer to byte buffer for DATA

IN/OUT

@cmdlength dw 0 ; length of command block

@emdblk db 12 dup (0) ; command block, max = 12

@msgout db 0 ; message out byte

"@msgin db 0 ; message in byte

@status db 0 ; status in byte

73k % %k K % ok % ok Kk sk Kk ok K 3k ok % ok Kk 5k ok %k sk % sk K 3 ok %k sk ok s ok K gk ok K 3k gk ok %k ok 3k ok ok ok 3k ok gk ok ok k k ke ok X
H external routines

;
;************************************************************i
.code

extrn Setup DMA:near ; setup system’s DMA
controller
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KA KA A KA A I A AR AA IR ARk AR A KA A AR ARk kh Ak k kA kA Ak khhkhk Ak kkkhkhkkhkhkhkhkhkkkk

H INITIALIZE SPC;
; Initialize the Fujitsu SPC;

’
’
;
; Entry: BYTE @ [bp+4] = initiator’s SCSI address ;
H
;
; Exit: void; ;

’

KAk kA A kkk kA Rk A Ahkh kA kA Ak kA h A hkkkkkkxhhhkhhkhhkhkhkhkhhkhhkhhkhkhhhkhkkkhkkkx

InitSPC_record struc

dw ? ; bp

dw ? ; ip - return address
InitAddr db ? ; initiator’s SCSI address
InitSPC_record ends
InitSPC proc near

push bp

mov bp, sp

les bx,SPC_Pointer point to SPC

mov SCTL, 0cOh reset SPC

mov al, [bp] .InitAddr ;get initiator address

mov BDID, al ; write initiator’s addr
into ID reg

; clear reg ]

; enable arbitration, parity

; ... and reselection

; clear diagnostics reg

~o Ne

mov TMOD, 0
mov SCTL, Olah

mov SDGC, 0

pop  bp
ret
InitSPC endp
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’

Ne Se N N

’

ek kAR KA KA AR A A A KAk kA A kA Ak A Ak kA A kA Ak ko kA Ak kA Ak kA kkhkkk Ak hhkkkkkkkkkk k%,

SELECT TARGET DEVICE ;
Select a target device on the SCSI bus with ATN line asserted;
Check if the target responds to the ATN line with the message;
out phase. If so, send an IDENTIFY message to the target.

Entry: BYTE @ [bp+4]
BYTE @ [bp+6]

target SCSI address, 0..7
target SCSI logical unit number, 0..7

NSe Se Se S Se ™

Exit: AX = status message

KAk KK KK KK KRR A A AR Ak A A Ak A AR AR R AR A Ak Ak kA hk kAR AR Ak Ak Ak khkkhkhkhkhkhkhkkhkkkhkhkhkkkkhkkx
Select record struc

dw ? ; bp

dw ? ; ip - return address
TargAddr db ?,? ; target address
TargLUN db ?,? ; target LUN

Select_record ends

Select

proc near
push bp

mov bp, sp

les bx, SPC_Pointer
mov PCTL, O

; point to SPC
; phase control = out indicates
; ... selection phase
mov al,BDID ;
push bx H
xor bh, bh
mov bl, [bp] .TargAddr
or al,Addr2ID [bx]

get initiator’s SCSI ID,1..128
save SPC ptr

get target SCSI address, 0..7
convert to SCSI ID, 1..128

...OR with initiator’s ID

... (for reselection, see spec.)
pop bx [es:bx] -> SPC

mov TEMP,al put arbitration ID’s in temp reg
mov TCH, high (SELECTION_TIMEOUT) ; load selection

Se Ne Se Se Se N

time-out
mov TCM, low (SELECTION_TIMEOUT) ; ... value
mov  TCL,BUS_DELAY ; load bus free delay time-out
mov SCTL, 060h ; set ATN line, select with
attention
mov SCTL, 010h ; start selection operation
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SelectWaitIntr:
cmp INTS, O ; any intr bit set?
jne SelectlIntr
; yes
test SSTS,020h ; no, select operation still
pending?
’
... check for lost arbitration
jz SelectWaitIntr
; still pending
mov ax, LOST ARBITRATION ; we’ve lost the arbitration
jmp SelectExit
SelectIntr:
test INTS,10h ; command complete intr?
jz SelectTimeout
; no, check time-out
mov al,PSNS ; yes, read phase
and al,087h ; check REQ & phase bits
cmp al,086h ; target requesting msg out?
jne SelectNoMsg
; no, skip msg out phase
mov al, OcOh ; yes, send IDENTIFY message
;... with disconnect/reselect bits
or al, [bp] .TargLUN ; ... and target LUN
mov @msgout,al ; save in msg out byte
xXor ah,ah ; clear upper
push ax ; send AX message to target
call Message Out ; send message
pop cx ; remove parameter from stack
SelectNoMsg:
jmp SelectOK
SelectTimeout: ~
test INTS, 04h ; time-out intr occured?
jz SelectOtherIntr ; no, unexpected interrupt
mov ax, TIMEOUT ; return time-out error
jmp SelectExit
SelectOtherIntr:
mov ax, ERROR_INTR ; return error
jmp SelectExit
SelectOK:
mov ax, SELECTED ; successful selection
SelectExit:
pop bp
ret
Select endp
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’********************************************************************

; TRANSFER DATA TO/FROM SCSI BUS

; General data transfer for all data transfer phases.
; Read or write a stream of bytes to/from the SCSI bus and check

for the following conditions:

; 1) # of bytes
; 2) # of bytes
; 3) # of bytes
; This routine,

H Entry: WORD @ [bpt4] - pointer to list of bytes
LONG @ [bp+6] — length - number of bytes in list
BYTE @ [bpl0] - transfer type — READ=0 or WRITE=1

Se Se Se S oNe Se

kkhkhkkhkhkhhhkhkhkhkhhhkkhkhkhkhkhkhkkhhkhhhhkhhkhhkhkhhkkhkhhkhhkhkhhkhkhkhkhhkhhhkhhhkhkhhkhkhkkkok

Transfer_record

data_ptr
length_lo
length_hi
direction
Transfer_ record

Transfer Data

requested == # of bytes transferred — normal

requested > # of bytes transferred - pad

requested < # of bytes transferred - phase change ;

will accept a 24-bit number as a
transfer length, allowing up to 16M bytes to be read or

; written to the SCSI device in one data phase transaction.

and the SPC,

struc
dw

dw

dw

dw
dw
dw
ends

proc
push
mov
cld
mov
mov
les
mov
mov
mov
mov
mov
mov

Exit: AX - error status
AX > 0 - transferred all bytes in list
AX < 0 - transfer terminated early

"

bp
ip

LAV ERLVIRLLV LAV

Ne Se Ne Ss Se N

w

near
bp
bp, sp

si, [bp].data_ptr;
di,si ;
bx,SPC_Pointer ;

DT N T T T

e S ve N

~e

~.

D T T T P T P

ptr to byte to transfer
LSW length of transfer
MSW length of transfer
direction, READ=0, WRITE=1

auto increment di,si

point to stream of bytes

di also, for read operation
point to SPC

al,byte ptr [bp].length hi ; get length MSW

TCH,al ;
ax, [bp].length_lo
TCM, ah ;
TCL,al ;
SCMD, 084h ;

load counter high

; get length MSW

load counter mid

load counter low

do programmed i/o transfer
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XferCmdWait:
mov al, SSTS ; read status, wait for
tranfer
and al,0£f0h ; ... operation to start
cmp al, ObOh ; connected as init and
; ... transfer in progress
bit set?
jne XferCmdWait ; no, wait for SPC to start
XferLoop: )
cmp INTS, O ; intr occured?
jne XferCheckIntr ; yes
cmp [bp] .direction,WRITE ; writing?
jne Reading ; no, reading
Writing:
test SSTS,02h ; fifo not full?
jne XferLoop ; no wait, fifo is full
lodsb ; read byte, inc si
mov DREG, al ; write byte to fifo
jmp XferDec ; decrement and check count
Reading:
test SSTS, 1 ; fifo not empty?
jne XferLoop ; no, wait for byte
mov al,DREG ; get byte
stosb ; write byte, inc di
. Jjmp XferDec ; decrement/check count
XferCheckIntr:
test INTS, 08h ; service required intr?
je TestErrIntr ; no
mov INTS, 08h ; yes, clear it
mov ax, SERVICE_REQUIRED ; exit with error
jmp XferExit
TestErrIntr:
cmp INTS, 0 ; any more intr pending?.
je TestParityErr ; no
mov ax, ERROR_INTR ; yes, exit with error
jmp XferExit
TestParityErr:
test SERR, 0cOh ; parity error?
je XferLoop ; no, wait for bytes
mov ax,PARITY ERROR ; yes, exit with error
jmp XferExit
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XferDec:

XferDone:

XferPad:

XferExit:

Transfer Data

sub
sbb
mov
or
jne

test
je
mov
mov
and
or
mov
and
cmp
mov
jne
mov

mov

mov
and

cmp
jne

mov

mov

pop
pop
pop
ret
endp

[bp] .length_lo,1; decrement count
[bp] .length_hi,0; 32-bit count

ax, [bp].length_lo

; get length

ax, [bp].length_his; =02

XferLoop

INTS,010h
XferDone
INTS, 010h
al,PCTL
al,’7
al,080h
dl,PSNS
al,087h
al,dl

ax, OK
XferExit
TEMP, O

SCTL, 085h

al,INTS
al,018h

al,018h
XferPad
INTS, 18h
ax, OKPAD

di
si
bp

.
’

~e N

~e

no, continue

command complete intr?

no, wait

yes, reset intr

read phase control

get bus phase bits

add REQ bit

read phase sense reg

mask phase bits & REQ

are we in new phase?
assume good status

jmp if in new phase

no, load temp with padding
value

do padding transfer

...to cause target to go to
... next phase

wait for cmd complete & svc
req
no, wait for pad to finish

reset intrs
return good with PAD status
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TB. A5G
W wia
; KAk hkkkkkkkkkhkkhkkhhkkkkkkk kb hkkkkkkkkkhkhkkhk Ak khkkkkhkhkhdkhkhkkhhhkkkhdk ok,
; SEND COMMAND
; Send a SCSI command block to the target device.
; Assume TCH, TCM and TCL registers = 0

; Entry: WORD @ [bpt4] - pointer to SCSI command block
; WORD @ [bp+6] - length of command block, 6, 10, 12 byte

H Exit: AX - transfer status
; > 0 - transferred all bytes in list
; < 0 - transfer terminated early, error

Ne Ne Ne Se SANe Ne Se S S,

Pk kk kK kA Ak Ak Ak kA khkkkhhkk kA Ak kkk Ak kkkkkhk Ak kkhkhkkkkhkkkkhkhhkhhkkk*

Select_record struc

dw ? ; bp

dw ? ; ip
cmd_ptr dw ? ; ptr to cmd bytes
cmd_length dw ? ; length of cmd
Select_record ends
Send_Command proc near

push bp

mov bp, sp

les bx,SPC_Pointer
mov PCTL,02h

mov ax,WRITE

point to SPC
set command out phase
write to target for transfer

~e So S So

push ax put parameters on stack
xor ax, ax
push ax MSW of length = 0

LSW length of cmd

ptr to cmd bytes

do SCSI transfer

AX has the transfer status

push [bp].cmd_length
push [bp].cmd_ptr
call Transfer Data
mov sp, bp
pop bp
ret

Send_Command endp

Se No Se N we
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i:*******************************************************************;
’

; READ SCSI STATUS
; Read the 1 byte status code from the target

H Entry: WORD @ [bp+4] - pointer to byte to hold SCSI status

; Exit: AX - transfer status
; > 0 - transferred SCSI status to pointer location
; < 0 - transfer terminated early, error

KKK KK AR AR KRR R KA KRR AR A KR KRR ARk kkkkkkkkkkkkkkkkkkkkkkkkkk kkkkkkkkkk k%

Status_record struc
dw
dw
status_ptr dw
Status_record ends

Status_In proc
push
mov
les
mov
mov
push
Xor
push
inc
push
push
call
mov
pop
ret

Status_In endp

ISR RN

near
bp

bp, sp

bx, SPC_Pointer
PCTL, 03h

ax, READ

ax

ax,ax

ax

ax

ax

[bp] .status_ptr
Transfer_Data
sp, bp

bp

~e Se Ne

Se Ne

bp
ip
ptr to status byte

point to SPC
set phase to status in
read mode

MSW of transfer length
LSW of length = 1 byte

pointer to status byte
read 1 byte from SCSI target
AX = result code

.
’
’
’

Se Se Se N we
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’

H SEND MESSAGE OUT

H Send a 1 byte message the the target device.

H When the SPC is in the INITIATOR mode, it will automatically

; negate the ATN signal after the message byte has been

; successfully sent to the target device, this is in comformance
H with the SCSI spec. (See spec. for further details)

; Entry: WORD @ [bp+4] - pointer to message byte to send

NSe Se Se Ne Y. Ne Se Ne N

; Exit: AX - transfer status

; > 0 - transferred message byte to target device

; < 0 - transfer terminated early, error

AA A hkkhkkhkhkhkhkhkkhkhkhhAhkhkhkhkhkhkhkhkkkhkhkhkhkkhkkhkhkhkhkhhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkkhkhkkhkkx

Se  Se e

Message_Out_rec struc

dw ? ; bp

dw ? ; ip
msg_out_ptr dw ? ; ptr to message out byte
Message_Out_rec ends
Message_ Out proc near

push bp

mov bp, sp

les bx,SPC_Pointer
mov PCTL,O06h

mov ax,WRITE

point to SPC
set desired phase to message out
send byte to SCSI bus

Ne Ne Se Ne

push ax param’s on stack
xor ax,ax
push ax ; MSW of transfer count
inc ax ; LSW = 1 byte transfer
push ax
push [bp].msg _out_ptr; pointer to message byte to send
call Transfer Data ; send it
mov sp, bp ; AX has transfer status
pop  bp
ret

Message Out endp
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Kk kK Kk ok Kk sk sk %k %k %k %k %k %k Kk sk ok sk %k Kk ke k ke %k ke ok sk ok %k ke sk sk ok ok ok sk ke sk vk ok ok ke ke sk ke ke ke sk ok ke ke ko k ok ok ok ok ok ke ke ok

READ MESSAGE IN

Se Se Se

; reject sequence.

; Entry: WORD @ [bp+4] - pointer to address to hold message byt

; Exit: AX - transfer status

; > 0 - transferred SCSI message to pointer location
< 0 - transfer terminated early, error;

Read a 1 byte message from the SCSI target device.

When the SPC is in the INITIATOR mode it will automatically
H hold the ACK line active on the last byte of the message

; received from the target device. This is to allow the

; INITIATOR to interpret the message and accept or, if

; necessary, reject it according to the SCSI protocol’s message
(See spec. for further details)

’
’
.
’
’
’
’
’
.
’
I
e
’
’
’
’

*************************************************************

Message_In_rec struc
dw
dw
msg_in_ptr dw
Message In_recends

Message_Inprocnear
push
mov
les
mov
mov
pus
Xor
push
inc
push
push
call
add
or

jl
les
mov
mov

MIError:
pop
ret

Message_ In endp

LAV IRV

bp

bp, sp

bx, SPC_Pointer
PCTL, 06h

ax, READ

hax

ax,ax

ax

ax

ax

[bp] .msg_in_ptr
Transfer Data
sp, 6

ax,ax

MIError

bx, SPC_Pointer
SCMD, OcOh
INTS,010h

bp

Ne Se e

~e ~e Ne No

Ne Se Ne Ne Se Se Ne Ne

bp
ip
ptr to message in byte address

point to SPC
set desired phase to message in
read byte from device

MSW of transfer length
LSW of length = 1 byte

ptr to message byte

read message

remove param’s from stack

if < 0 then error

error

no error, point to SPC
manually negate the ACK signal
reset command complete intr
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KA KK AR KA AR AR AR A AR AR AR AR KRR AR KA KA R ARk bk kA kA kkkk kk Ak ok ok kok ok ok k ok k ok &k &k % %7

’

; READ DATA STREAM FROM SCSI DEVICE
; Read up to 16M bytes from the target device.

; Entry: WORD @ [bp+4] - pointer to data buffer
; LONG @ [bp+6] - length of transfer (24-bit)

; Exit: AX - transfer status
; > 0 - read byte from SCSI device
; < 0 - transfer terminated early, error

.
’
’
.
’
.
’
4
.
’
.
’
’
.
’
’

FA K AR Kk Rk kAR kkkh Rk kkAhkk Ak kkhhkkkkkkkkkhkhkkkkkk Ak kkkhkkkkhhkkkkkkk k%

Data_In_record struc

dw ? ; bp
dw ? ; ip
data_in_ptr dw ? ; ptr to byte to transfer

LM

data_in_len lo dw
data_in_len_hi dw
Data_In_record ends

length of transfer

V)

Data_In proc near
push bp
mov bp, sp
les bx,SPC_Pointer ; point to SPC
mov PCTL, O1lh ; desired phase = data in
mov ax, READ ; read bytes from target device
push ax
push [bp].data_in_len_hi; MSW of length
push [bp].data_in_len_lo; LSW of length
push [bp].data_in_ptr; pointer to receive buffer
call Transfer Data ; read bytes
mov sp, bp ; AX has result code
pop bp

‘ ret
Data_In endp
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R R R R R R R T T L 2
; WRITE DATA STREAM TO SCSI DEVICE Z
; Write up to 16M bytes to the target device. :
; Entry: WORD @ [bp+4] - pointer to data buffer ;
H LONG @ [bp+6] - length of transfer (24-bit) ;
; ;
; Exit: AX - transfer status ;
; > 0 - wrote bytes to SCSI device ;
; < 0 - transfer terminated early, error ;
KKK KKK KKK KK KKK KKK KK KKK KKK KKK KKK KKK KKK KKK KKK K AR K KRk Ak kkkkkkk
’

Data_Out_record struc

dw ? bp

dw ? ip
data_out_ptr dw ? ptr to byte to transfer

-

data_out_len_lo dw
data_out_len hi dw
Data_Out_record ends

LSW length of transfer
MSW

Ne Se Se Ne S

-~

Data_Out proc near
push bp
movbp, sp
les bx,SPC_Pointer ; point to SPC
mov PCTL, 0 ; set desired phase to data out
mov ax,WRITE ; write bytes to target device
push ax
push [bp].data _out_len hi ; MSW of length
push [bp].data_out_len_lo ; LSW of length
push [bp].data out_ptr; address of bytes to send

call Transfer Data ; send bytes to target
mov sp,bp ; AX has result code
pop  bp
ret

Data_Out endp
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**i********'k*'k******************************************************’-

H DECODE SCSI BUS PHASE

; After selection, read target’s requested SCSI bus phase

; and go to the appropriate handler, continue calling this

; routine until the COMMAND COMPLETE message is sent from the
; target, indicating the end of the SCSI operation.

; Entry: void
i Exit: > 0 successful operation

; 0 no phase requested (REQ signal not active)
; < 0 unsuccessful operation

Ne Se Se S0 “a Ne No NSe we N N,

- **********************************************'k*******************;
Decode_Phase proc near
les  bx,SPC_Pointer
mov al,PSNS
and al,087h
sub al,080h

point to SPC
read phase sense
mask REQ + phase
subtract bias

Ne Se e Se Ne

cmp al,?7 decode 0..7
jbe DPA
jmp NoPhaseReq
DPA:
mov bl,al ; make index into table
Xor bh, bh ; 16-bit
shl bx,1 ; * 2 = jump table ptr
Jjmp cs:JmpTable[bx] ; go to routine
JmpTable label word
dw p_data_out ; target requesting data out phase
dw p_data_in ; target requesting data in phase
dw p_send_command ; target requesting command phase
dw p_status_in ; target requesting status phase
dw p_illegal ; reserved
dw p_illegal ; reserved
dw p_message_out ; target requesting msg out phase
dw p_message_in ; target requesting msg in phase

p_data_out: send data to target device

MSW number of bytes to send

LSW

ptr to bytes to send

write bytes

remove stack parameters

return with AX = transfer status

push @datalength_hi
push @datalength lo
push @dataptr

call Data_Out

add sp, 6

Jjmp DecodeDone

Ne Se Ss Se No No N
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p_data_in:
push
push
push
call
add
jmp
p_send_command:
push
mov
push
call
add
jmp
p_status_in:
mov
push
call
pop
Jjrp
p_illegal:
mov
jmp
p_message_out:
mov
push
call
pop
jmp
p_message_in:
mov
push
call
pop
jmp
NoPhaseReq:
xor

DecodeDone:
ret

Decode Phaseendp

@datalength hi
@datalength_lo
@dataptr
Data_In

sp, 6
DecodeDone

Gcmdlength

ax,offset @cmdbl

ax
Send_Command
sp, 6
DecodeDone

Ne Ne

N Ne Se Se Se

e Ne Ne Ne W oNe s

’

ax,offset @status

ax
Status_1In
cx
DecodeDone

ax, ILLEGAL_PHASE

DecodeDone

Se Se Ne N

’

ax,offset @msgout

ax
Message_Out
cx
DecodeDone

ax,offset @msgin

ax
Message_In
cx

DecodeDone

ax,ax

Se Se Ne e

Se Se Se S

~

’

’

’

’

receive data from target device
MSW number of bytes to receive
LSW

ptr to byte buffer

read bytes

remove stack parameters

AX = transfer status

send SCSI command block to target
number of bytes in cmd blk

ptr to cmd blk

stack it

send bytes

remove stack param’s

AX = status :

read SCSI status from target
; ptr to status bytes

stack it

read status byte

remove stack param’s

AX = status

undefined/reserved SCSI phases
AX = error

send message to target
ptr to msg byte

stack it

send it

remove param’s

AX = status

read message from target
ptr to msg byte

stack it

read it

remove param’s

AX = status

target not requesting, REQ

negated

return to caller, AX=transfer

status
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: MANUALLY TRANSFER DATA TO/FROM SCSI BUS

; Read or write a stream of bytes to/from the SCSI bus and check
for completion.

; This example illustrates the use of the manual transfer mode

; of the SPC. This mode is useful for ”spoon-feeding” each

byte to a target device, this could be helpful when debugging

; SCSI software step-by—-step or testing the behavior of a SCSI

; peripheral under certain conditions.

D¢ Se Ne Ne Ne N

=

H This mode of operation does not use the transfer counter of
; the SPC. The transfer size is limited only by the size of the
; transfer length parameter passed to this routine.

; Entry: WORD @ [bp+4] - pointer to list of bytes
; LONG @ [bp+6] - length — number of bytes in list
; BYTE @ [bplO] - transfer type - READ=0 or WRITE=1

; Exit: AX - error status
: AX > 0 - transferred all bytes in list
H AX < 0 - transfer terminated early

LB R R RS RS R ER SRS EREESERERE R RS R RS SRRt e R R R Rt R R RS R LSS SRR
Manual_Xfer rec struec

Ne Yo Ne Se Ne Ne Se Ne Ne Ne Se Ne Ne N

dw ? ; bp

dw ? ; ip
Man_data_ptr dw ? ; ptr to byte to transfer
Man_length_lo dw ? ; length of transfer, up to 4G bytes
Man_length hi dw ? ; ... 32-bits
Man_direction dw ? ; direction, READ=0, WRITE=1
Manual_ Xfer rec ends
Man_ Xfer Data proc near

push bp

mov bp, sp

cld ; auto increment di,si

mov si, [bp].data_ptr; point to stream of bytes

mov di,si ; di also, for read operation

les bx,SPC_Pointer ; point to SPC
ManXfer:

cmp [bp] .Man_direction,READ ; reading ?

je ManRead ; yes
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ManWrite:

MWNoReq:

ManRead:

MRNoReqg:

ManDec:

ManXferExit:

Man Xfer Data

test
jz
lodsb
mov
mov

test

jnz
mov
jmp

test
jz
mov

test

jnz
mov
stosb
mov

sub
sbb
mov
or
jne

mov
pop
ret
endp

PSNS, 80h
ManWrite

TEMP,al
SCMD, OeOh

PSNS, 80h
MWNoReg

SCMD, O0cOh
ManDec

PSNS, 80h
ManRead
SCMD, OeOh
PSNS, 80h

MRNoReq
al, TEMP

SCMD, OcOh

[bp] .Man_length lo,1
[bp] .Man_length hi,0
ax, [bp].Man_length lo
ax, [bp] .Man_length_hi

ManXfer

ax, OK
bp

Se Se Se Se N

Se Se Se Se Se

Ne Ne e

LT TR

Ne Se e

wait for REQ asserted
not yet

read byte from buffer, inc si

load byte into temp register
assert ACK

wait for REQ negated

... indicating byte accepted
not yet

negate ACK

decrement count

wait for REQ asserted
not yet
assert ACK

wait for REQ negated

... indicating byte sent
not yet

read byte from temp
write to buffer, inc di
negate ACK

decrement count
32-bit count
get length

=0?

not done

Se Yo Se Ne N
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H DMA TRANSFER DATA TO/FROM SCSI BUS
; Read or write a stream of bytes to the SCSI bus using DMA
; and check for the following conditions:

; 1) # of bytes requested == # of bytes transferred - normal

; 2) # of bytes requested > # of bytes transferred - pad

; 3) # of bytes requested < # of bytes transferred - phase change
; Entry: WORD @ [bpt+4] - pointer to list of bytes

; LONG @ [bp+6] - length — number of bytes in list

; BYTE @ [bpl0] - transfer type — READ=0 or WRITE=1l

; Exit: AX - error status

; AX > 0 - transferred all bytes in list
; AX < 0 - transfer terminated early

; Note: If the SPC is interrupt driven along with using DMA,

H the code below becomes even smaller since it is not
; necessary to test the INTS register within a loop.
; In fact, the overhead to start a data transfer in

; the SPC takes only 3 steps

; 1) Write desired phase to PCTL register
; 2) Write 1 to 3 bytes to the transfer counters, TCH/M/L
; 3) Write the DMA transfer cmd to SCMD register (0x80)

o o Se Ne Se Mg Ne Vo Ne Ns Ne Ne Ne Ns Ne Na Ne %e Ne Ne Ne Na Ng N,

Kk Kk %k Kk %k k Kk %k Kk sk %k %k %k Sk sk %k ok %k Sk sk ok %k %k ok %k vk ok vk ok %k ok ke ok ok ok vk ok ok vk ok sk %k Kk k% ok ok ok ok ke ok ke k ko ke ok

DMA Xfer_ record struc

dw ? ; bp

dw ? ; ip
DMA_data_ptr dw ? ; ptr to byte to transfer
DMA_ length_lo dw ? ; LSW length of transfer
DMA length_hi dw ? ; MSW length of transfer
DMA_direction dw ? ; direction, READ=0, WRITE=1
DMA_Xfer_record ends
DMA_Transfer_Data proc near

push bp

mov bp, sp

push [bp] .DMA_direction ; get direction

push [bp] .DMA_length_hi ; ... length

push [bp] .DMA_length_lo PR

push [bp] .DMA_data_ptr ; ... and address
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NolIntr:

NoCmdCmp :
complete

DMADone:

DMA Transfer Data

’
.
’
.
’

call

mov
les
mov

mov
mov
mov
mov
mov

cmp

je
test

je
mov
jmp
mov
Jmp
pop

ret
endp

KKK A KA A A AR KA A A A IR AR AR AR KRR A A IR A A kA Ak Ak kkhkkhkkhkkhkhkkhkkkkhkhkkhk

Setup_ DMA ; set up the system’s DMA
controller
sp, bp remove stack param’s

bx,SPC_Pointer ; point to SPC

al,byte ptr [bp].DMA length_hi ; MSW of
transfer size

TCH, al ; store in counter high

ax, [bp] .DMA length_lo ; LSW of transfer size

TCM, ah ; store in counter mid
TCL, al ; store in counter low
SCTL, 080h ; start DMA transfer
INTS,.O ; waip for intr, signaling
; ... the end of the DMA
transfer
NolIntr ; no intr yet
INTS, 010h ; cmd complete intr?
NoCmdCmp ; no, transfer error
ax,OK ; transfer successful
DMADone
ax,ERROR_INTR H transfer didn’t
properly
DMADone
bp

Se e

Khkhkkhkkkkkkkhkkhkkkhkkhkhkkkkhkkkkkkkhkkhkkkhkhkkkkkkkhkkhkhkdkhkkkkkhkkkkxkkx’
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SPCDRIVER EXAMPLES
IN C LANGUAGE

The following code is a group of routines that demonstrate the essential elements
necessary for the implementation of a SCSI driver using Fujitsu’s family of controllers.
These routines make certain assumtions abou the hardware interface, but are software
compatible with all the Fujitsu SCSI control. For this example the controller is memory
mapped somewhere in the address space of the host CPU. This example assumes that the
controller will be used in a polled environment (not interrupt driven) using programmed
I/0O (no DMA). Using the device in this mode requires much more code than an interrupt
driven/DMA environment but the code will be less dependent on system hardware. At
the end of this example is a re-write of the data transfer routine DMA transfers instead or
programmed I/O. As can be seen the code is considerably smaller and simpler.

This code is intended to show the programming and operation of the major functions of
the Fujitsu family of SCSI controllers. It is not intended as a tutorial of the SCSI

protocol or to show the construction of a driver for an SCSI host adapter.

This code was tested for syntax errors under the following compilers:
Borland Turbo’C’ 2.0

321



Appendix 2 Fast Track to SCS/

/****************************************************************/

/* For detailed information on the SCSI protocol */
/* see the spec entitled: */
/* */
/* ANSI Small Computer System Interface (SCSI) */
/* ANSI X3.131-1986 */
/* */
/* American National Standards Institute, Inc. */
/* 1430 Broadway */
/* New York, NY 10018 */
/* */
/****************************************************************/
/* For information on Fujistu’s SCSI controllers */
/* contact: */
/* *x/
/* Fujitsu Microelectronics, Inc. *x/
/* 3545 North First Street */
/* San Jose, CA.95134-1804 */
/* (408) 922-9000 */
/* */
/* or your local Fujitsu representative. */
/* */
/************************************************************** */
/* */
/* Copyright (C) 1989 Fujitsu Microelectronics Inc. */
/* Copyright (C) 1989 Galbo and Associates, Inc. */
/* */

/****************************************************************/
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/*******‘k********‘k*****‘k*********************************************/

/*Constants : */
Jrkkkkkkkkk ko k ok kkkk Ak KR K KKK KRR R KR KR KR KA Kk kkkkkkkkkkkkkkkhhkkkkkhkkx /

/*selection time-out delays */
#define SELECTION_TIMEOUT 4400L /* 275 msec @ 8 MHz */
#define BUS_ DELAY 4 /* 1200 nsec @ 8 MHz */
/* data transfer direction */
#define READ 0 /* read from SCSI bus */
#define WRITE 1 /* write to SCSI bus */
/* selection return values */
#define SELECTED 100 /* target successfully selected*/
#define LOST_ARBITRATION -100 /* selection failed */
#define TIMEOUT -101 /* selection failed */
#define ERROR_INTR -102 /* unexpected interrupt occurred */
/* data transfer return values */
#define OK 200 /* transfer complete */
#define OKPAD 201 /* transfer complete with padding */
#define SERVICE REQUIRED =200 /* early phase change */
#define PARITY ERROR -201 /* read parity error */
/* phase decoder return values */
#define NO_PHASE_REQUESTED 0
#define ILLEGAL PHASE -300 /* illegal SCSI phase requested */

#define DEFAULT_ SPC_ADDR 0xdcO001ffOL;
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/ﬂ*******************************************************************/

/* All Fujitsu SCSI controllers contain the following 16 *x/
/* 8-bit registers. This structure assumes the compiler that can*/
/* pack bytes within structures. */

/********************************************************************/

st ruct SPCREGPACK
{

volatile unsigned char

_BDID, /* bus device ID */

_SCTL, /* SPC control */

_SCMD, /* SPC command */

_TMOD, /* transfer mode */

_INTS, /* interrupt sense */
_PSNs, /* phase sense */

_SsTs, /* SPC status */

_SERR, /* SPC error status */
_PCTL, /* phase control */

_MBC, /* modified byte counter */
_DREG, /* FIFO data register */
_TEMP, /* temporary register */
_TCH, /* transfer counter high */
_TCM, /* transfer counter mid */
_TCL, /* transfer counter low */
_EXBF; /* external buffer */

} far *spc = (struct SPCREGPACK far *) DEFAULT_ SPC_ADDR;

/********************************************************************/

/* Assume the Fujitsu SCSI Protocol Controller is accessed via */
/* memory mapped addressing, the following constants are used */
/* to read and write to the registers. */

/********************************************************************/

#define BDID
#define SCTL
#define SCMD
#define TMOD
#define INTS spc—>_INTS
#define PSNS spc->_PSNS

( spc—>_BDID )
( )
( )
( )
( )
( )
#define SSTS ( spc—>_SSTS )
( )
( )
( )
( )
( )
( )

spc—>_SCTL
spc—>_SCMD
spc—>_TMOD

#define SERR spc—>_SERR
#define PCTL spc—>_PCTL
#define MBC spc—>_MBC
#define DREG spc—>_DREG
#define TEMP spc—>_TEMP
#define TCH spc—>_TCH
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#define TCM ( spc—>_TCM )

#define TCL ( spc-> TCL )

#define EXBF ( spc—>_EXBF )

#define SDGC ( spc->_PSNS ) /* the SDGC reg has the */
/* ... same addr as PSNS */

/********************************************************************/

/* Array to convert SCSI addresses to SCSI ID’'s (for arbitration*/
R L T Ty

unsigned charAddr2ID[] = { 0x01, 0x02, 0x04, 0x08,
0x10, 0x20, 0x40, 0x80 };

/********************************************************************/

/* Variables needed for this example. */
/********************************************************************/
unsigned char msgin, msgout, status;

int cmdlength, datalength;

unsigned char *cmdptr, *dataptr;

extern void setup dma (unsigned char *, unsigned long, int);

/********************************************************************/

/* function prototypes */
/********************************************************************/

void init_SPC(int);

int select (int, int);

int transfer_data(unsigned char *, unsigned long, int);

int send_command (unsigned char *, int);

int status_in(unsigned char *);

int message_in (unsigned char *);

int message_ out (unsigned char *);

int data_in(unsigned char *, unsigned long);

int data_out (unsigned char *, unsigned long);

int decode_phase (void) ;

int manual_transfer data(unsigned char *, unsigned long, int);
int dma_transfer_data(unsigned char *, unsigned long, int);
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/******************************'k************’k************************/

/* INITIALIZE SPC */
/* Initialize SCSI controller. */
/* */
/* Entry:init_addr - SCSI address of initiator,0..7 */
/* Exit:void */

/)\*******************************************************************/

void init_SPC(init_addr)
int init_addr; /* this initiator’s SCSI address, 0..7 */
{

SCTL = 0xcO0; /* reset controller */

BDID = init_addr;

TMOD = 0x00;

4 : */
/* Release reset with arbitration on, parity checking on, */
/* reselection on (INITIATOR), hardware interrupts disabled. */
/* */
SCTL = Oxla;
SDGC = 0x00; /* no xfer intr for 89352
*/

}

A L
/*SELECT TARGET*/

/* Arbitrate for the SCSI bus and select a target device. */
/* */

/* Entry: targ_addr - Target’s SCSI bus address, 0..7 */
/* targ_lun - Target’s LUN (logical unit number) x/
/* Exit: > 0 if successful selection */
/* < 0 if unsuccessful */

/*t****'k************************************************************gk/

int select (targ_addr, targ_lun)

int targ_addr; /* the selected target’s SCSI address, 0..7 */
int targ_lun; /* the selected target’s logical unit number */
{

PCTL = 0x00; /* phase control reg indicates selection phase*/
/* */
/* Set the TEMP register to the target’s SCSI ID (not address) */
/* OR’ed with the initiator’s ID (in the BDID register). This */
/* is done so that the target knows the ID of the initiator for */
/* reselection purposes. *x/
/* */

TEMP = BDID | Addr2ID[targ_addr];

/* */
/* The transfer counter registers double as selection time-out */
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/*
/*
/*
/*

/*
/*
/*
/*
/*
/*
/*

/*
/*
/*

/*
/*
/*
/*

/*

/*
/*
/*
/*

/*
/*
/*
/*
/*
/*
/*

registers during arb/selection. Set these registers to the */
desired value.The time-out values are dependent upon the */
SPC’s clock speed. */
*/
TCH = SELECTION_TIMEOUT >> 8; /* high byte of selection time-out */
TCM = SELECTION_TIMEOUT & Oxff; /* low byte of selection time-out */
TCL = BUS_DELAY; /* bus settle and bus free delay */
*/
Assert the SCSI attention signal during the selection phase, */
this will notify the target that the initiator wants to send */
an IDENTIFY message after successful selection. The ATN */
signal will not be activated until AFTER the selection */
phase has successfully completed. */
*/
SCMD = 0x60; /* assert ATN signal */
*/
Start the arbitration and selection sequence. */
*/
SCMD = 0x10; /* send select command *x/
. */
Wait for the interrupt register to signal the end of the *x/
selection phase or check if the SPC lost the bus arbitration */
phase. */
*/
while (! INTS) /* wait for interrupt indicated */
{ /* ... if no interrupt, check for lost arb*/
if (! (SSTS & 0x20)) /* ... test if arb/selection still in
progress */
{ /* ... arb/selection finished, no
intr pending */
return (LOST_ARBITRATION); /* indicate unsuccessful selection*/
}
}
*/
An interrupt occurred, check if it’s the command complete */
interrupt, indicating successful arb/selection. */
*/
if (INTS & 0x10) /* command complete intr bit set ? */
{
*/
Command complete interrupt indicated. */
Arb/Selection was successful, check if target is requesting */
a message out, if so, send the IDENTIFY message with the *x/
disconnection and reselection supported bits set and an x/
initiator LUN of O. */
*/
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if ((PSNS & 0x87) == (0x86)) if target requesting msg out */
{ /* ... phase after selection */
msgout = 0xcO0 | targ_lun; /* support disconnect/reselect */
message_out (émsgout); /* send message */
} /* ... and select the target LUN */
}
else /* no command complete intr */
{
/* */
/* An interrupt occurred but it was not command complete, x/
/* indicating that the arb/selection was not successful. *x/
VA */
if (INTS & 0x04) /* time-out interrupt ? */
{ .
return (TIMEOUT); /* indicate time-out */
}
else /* not time-out intr */
{
return (ERROR_INTR) ; /* must be a bus reset, disconnect or */
} ) /* ... or SPC error intr */
}
return (SELECTED); /* indicate successful arb/selection */
} /* ... we are connected to the target *x/

/*********************************'k**********************************/

/*  TRANSFER DATA TO/FROM SCSI BUS */
/* Read or write a stream of bytes to the SCSI bus and */
/* check for the following conditions: *x/
/* x/
/* 1) # of bytes requested == # of bytes transferred - normal *x/
/* 2) # of bytes requested > # of bytes transferred - pad */
/* 3) # of bytes requested < # of bytes transferred - phase change */
/* */
/* Entry: dp - pointer to list of bytes */
/* length - number of bytes in list *x/
/* transfer type — READ or WRITE */
/*  Exit: > 0 - transferred all bytes in list */
/* < 0 - transfer terminated early */
/* ***‘k***************************************************************/
int transfer_data(dp, Length, io)
unsigned char *dp;
unsigned long Length;
int io; /* transfer type READ or WRITE */
{

TCH = length >> 16; /* high byte of transfer count*/

TCM = (length >> 8) & Oxff; /* middle byte */
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TCL = length & Oxff; /* low byte */
Vad */
/* Start SCSI programmed I/0 transfer */
/* */
SCMD = 0x84;
/* */
/* Wait for SPC to start processing the command */
/* */
while ((SSTS & 0xf0) != 0xb0) ;
/* *x/
/* Wait for an available location in the output FIFO, then *x/
send byte. */
/* */
while (length) /* while not finished sending */
{
if (! INTS) /* send while no interrupts pending */
{
/* *x/
/* Read or write a byte to the SPC’s FIFO */
/* */
if (io == WRITE)
{
/* */
/* Write a byte to the FIFO if the FIFO is NOT FULL. */
/* */
if (! (SSTS & 0x02)) /* if space in FIFO */
{
DREG = *dp++; /* write byte to FIFO, bump ptr */
length——; /* decrement byte count */
}
}
else
{
/* */
/* Read a byte from the FIFO if the FIFO is NOT EMPTY. *x/
/* */
if (! (SSTS & 0x01)) /* if space in FIFO */
{
*dp++ = DREG; /* read byte to FIFO, bump ptr */
length—-; /* decrement byte count */
}
}
}
else /* an interrupt is pending */
{ /* ... check type */
if (INTS & 0x08) /* if SVC REQ intr */
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INTS = 0x08; /* reset service required */
return (SERVICE_REQUIRED); /* exit early */
}

else if (INTS) /* if other intr */
{
return (ERROR_INTR) ; /* bus release, reset, SPC error intr*/
}
else if (SERR & 0xcO) /* read parity error ? */

{
return (PARITY_ERROR) ;

}

} . /* ... process later */
} .
/* */
/* All bytes (length) in data stream have been transferred. */
/* Check for command complete interrupt after all data sent. *x/
/% */
while (! (INTS & 0x10)) ; /* wait for cmd complete */
INTS = 0x10; /* reset cmd complete intr */
/* */
/* If target has not changed phase after sending all bytes *x/
/* then we should pad the transfer to let the target continue */
/* to the next phase. *x/
/* */
if (((PCTL & 0x07) | 0x80) == (PSNS & 0x87)) /* new phase ? */
{ /* same phase */
TEMP = 0; /* do pad transfer, pad with 0's for write */
SCMD = 0x85; /* start programmed transfer PAD out */
/* */
/* The completion of‘the padding transfer is indicated by the */
/* command complete intr and the service required intr (since */
/* the target will normally change phase at the end of the */
/* transfer) */
/* */
while ((INTS & 0x18) != 0x18) ; /* wait for pad to complete */
INTS = 0x18; /* reset intr’'s */
return (OKPAD);
}
else /* target has gone to next phase */
return (OK); /* transfer completed normally */

330



Fast Track to SCS/ Appendix 2

/***************t****************************************************/

/* SEND COMMAND */
/* Send a SCSI command to the target */
/* Assume: TCH, TCM, TCL regs = 0 */
/* */
/* Entry: cp — pointer to SCSI command stream */
/* length - length of the command, 6, 10, or 12 bytes */
/* Exit: > 0 - transferred all bytes in list *x/
/* < 0 - transfer terminated early */
/********************************************************************/
int send_command (cp, length)
unsigned char *cp; /* pointer to command stream */
int length; /* length of command stream */
{

PCTL = 0x02; /* indicate command phase */
/* */
/* Start transfer */
/* */

return (transfer_data(cp, length, READ));
} A

/****************k***************************************************/

/* READ STATUS IN */
/* Read the 1 byte status code from the target. */
/* */
/* Entry: sp - pointer to status byte */
/* Exit: > 0 successful read *x/
/* < 0 unsuccessful read */

/********************************************************************/

int status_in(sp)
unsigned char*sp; /* pointer to status byte */
{

PCTL = 0x03; /* indicate status phase */

return (transfer data(sp, 1, READ));
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/i*******************************************************************/

/* SEND MESSAGE OUT */
/* Send a 1 byte message to the target. */
/* When the SPC is in the INITIATOR mode, it will automatically */
/* negate the ATN signal after the message byte has been */
/* successfully sent to the target device, this is in comformance*/
/* with the SCSI spec. (See spec. for further details) */
/* *x/
/* Entry: mp — pointer to message byte */
/* Exit: > 0 successful read */
/* < 0 unsuccessful read */

/A*******************************************************************/

int ' message_out (mp)-
unsigned char *mp;
{
PCTL = 0x06; /* indicate message phase */

return (transfer data(mp, 1, WRITE));
}

/********************************************************************/

/* READ MESSAGE IN */
/* Read a 1 byte message from the target */
/* When the SPC is in the INITIATOR mode it will automatically */
/* hold the ACK line active on the last byte of the message */
/* received from the target device. This is to allow the */
/* INIATOR to interpret the message and accept or, if */
/* necessary, reject it according to the SCSI protocol’s *x/
/* message reject sequence. (See spec. for further details) */
/* reject it according to the SCSI protocol’s message reject */
/* sequence. (See spec. for further details) */
/! *x/
/* Entry: mp — pointer to message byte */
/* Exit: > 0 successful read */
/* < 0 unsuccessful read *x/

/********************************************************************/

int message_in (mp)
unsigned char*mp;

{

int rv;

PCTL = 0x06; /* indicate message phase */

rv = transfer_data(mp, 1, WRITE); /* save return value */

if (rv > 0) /* if message read successfully */

{
SCMD = 0xcO; /* manually negate the ACK signal */
INTS = 0x10; /* reset cmd complete intr */
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}

return (rv):;

}

/*****************************t**************************************/

/* READ SCSI DATA */
/* Read up to 256 MBytes from the target device. */
/% */
/* Entry:mp - pointer to byte stream */
/* length - number of bytes to read */
/********************************************************************/
int data_in(mp, length)
unsigned char *mp;
unsigned long length;
{

PCTL = 0x01; /* indicate data in phase */

return (transfer data(mp, length, READ));
}

/********************************************************************/

/* WRITE SCSI DATA *x/
/* Write up to 256 MBytes to the target device. */
/* */
/* Entry: mp - pointer to byte stream */
/* length - number of bytes to write */

/********************************************************************/

int data_out (mp, length)

unsigned char *mp;
unsigned long length;
{
PCTL = 0x00; /* indicate data out phase */

return (transfer data(mp, length, WRITE));
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/*i******************************************************************/

/* DECODE SCSI BUS PHASE ’ */
/* After selection, read target’s requested SCSI bus phase */
/* and go to the appropriate handler, continue calling this */
/* routine until the COMMAND COMPLETE message is sent from the */
/* target. */
/* */
/* Exit: > 0 successful operation */
/* = 0 no phase requested (REQ signal not active) *x/
/A < 0 unsuccessful operation */
/********************************************************************/
int decode_phase ()

{.

switch (PSNS & 0x87) /* read phase sense reg */

{ /* REQ bit (0x80) must be active */
case 0x80:
return (data_out (dataptr, datalength));

case 0x81:
return (data_in(dataptr, datalength)):;

case 0x82:
return (send_command (cmdptr, cmdlength));

case 0x83:
return (status_in(&status));

case 0x84: /* undefined SCSI phases */
case 0x85: /* ... should never see these */
return (ILLEGAL_PHASE) ;

case 0x86:
return (message_out (émsgout));

case 0x87:
return (message_in (&msgin));

default:
return (NO_PHASE_REQUESTED); /* REQ bit is not active */
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/********************************************************************/
MANUALLY TRANSFER DATA TO/FROM SCSI BUS

Read or write a stream of bytes to/from the SCSI bus and
check for completion.

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

This example illustrates the use of the manual transfer mode

of the SPC. This mode is useful for ”spoon-feeding” each
byte to a target device, this could be helpful when debugging

SCSI software step-by-step or testing the behavior of a SCSI

peripheral under certain conditions.

This mode of operation does not use the transfer counter of

the SPC. The transfer size is limited only by the size of
the transfer length parameter passed to this routine.

Entry:dp — pointer to list of bytes
length - number of bytes in list

type - READ or WRITE
Exit: > 0 - transferred all bytes in list

< 0 - transfer terminated early
/********************************************************************/

int
unsigned char *dp;
unsigned long length;
intt ype;
{

do

{
if (type == WRITE)
{

while (! (PSNS & 0x80))

TEMP = *dp++;
SCMD = 0xeO;

while (PSNS & 0x80)

SCMD = 0xcO0;

}

else

{

while (! (PSNS & 0x80))

SCMD = 0xeO;
while (PSNS & 0x80)

’

manual_transfer data(dp, length, type)

/* WRITE to SCSI */

*/
*/
*/
*/
*/

*/

; /* wait for REQ asserted, indicating */

/* ... target ready for byte */
/* write byte */

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/* assert ACK, indicating byte on bus */

/* wait for REQ negated, indicating

/* ... target received byte */

/* negate ACK, indicating operation
complete

/* READ from SCSI */

/*
/*
;/*
/*

;/* wait for REQ asserted,

... target placed byte on bus */

*/

indicating */

*/

assert ACK, indicating INIT accepted byte */

wait for REQ negated, indicating */
... target finished driving bus */
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*dp++ = TEMP; /* read byte */
SCMD = 0xcO0; /* negate ACK, 'indicating operation complete */
}
} while (--length); /* decrement/test length */
return (OK); /* exit */

}

/ﬂ*******************************************************************/

/* DMA TRANSFER DATA TO/FROM SCSI */
/* Read or write a stream of bytes to the SCSI bus using DMA */
/* and check for the following conditions: *x/
/* */
/* 1) # of bytes transferred == # of bytes requested - normal */
/* 2) # of bytes transferred > # of bytes requested - pad */
/* 3) # of bytes transferred < # of bytes requested — phase change */
/* */
/* Entry:dp - pointer to list of bytes */
/* length - number of bytes in list */
/* type - READ or WRITE */
/*  Exit: > 0 - transferred all bytes in list - x/
/* < 0 - transfer terminated early */
/* */
/* Note: If the SPC is interrupt driven along with using DMA, */
/* the code below becomes even smaller since it is not */
/* necessary to test the INTS register within a loop. */
/* In fact, the overhead to start a data transfer in */
/* the SPC takes only 3 steps: */
/* */
/* 1) Write desired phase to PCTL register */
/* 2) Write 1 to 3 bytes to the transfer counters, */
/* TCH/M/L */
/* 3) Write the DMA transfer cmd to SCMD register *x/
/4 (0x80) */
/********************************************************************/
int dma_transfer_ data(dp, length, type)
unsigned char *dp;
unsigned long length;
int type; /* transfer type READ or WRITE */
{

setup_dma (dp, length, type): /* set up the DMA controller */

TCH = length >> 16; /* high byte of transfer count*/

TCM = (length >> 8) & Oxff; /* middle byte*/

TCL = length & Oxff; /* low byte*/

SCMD = 0x80; /* start DMA transfer */

while (! INTS) ; /* wait for an interrupt */

if (INTS & 0x10) /* if cmd complete intr */
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return (OK); /* ... done */
return (SERVICE_REQUIRED) ; /* handle other interrupt later */
}

/**********************************************************************/

/* "/

/**********************************************************************/
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CONTROL SEQUENCE
FORSPCDRIVER

The following examples show the essential elements necessary for the creation of a SCSI
software driver using Fujitsu’s family of SCSI controllers. Flowcharts are provided to
outline the overall sequence of operation. Code that is dependent on the operating
environment such as error processing, exception handling, and the operating system
interface are not shown for the sake of brevity and clarity; This example assumes that the
SCSI controller is accessible via memory-mapped 1/0 and is controlled by an 8086 family
processor. This code will operate on any of the Fujitsu SCSI controllers.
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Initialize Controller

INITADDR EQU 7

INITIALIZE:
MOV SCTL, OCOH

MOV  BDID, INITADDR
MOV TMOD, 0

MOV  SDGC, 0

MOV SCTL, O1AH

RET

~e

~e

Reset controller
Load INIT’s SCSI
ASYNC I/O

Diagnostic mode o

addr, 0..7

ff

Relese reset with Arbitration on,

Parity Check on,
H/W Interrupt off

Reselect on,
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Initialize Controller

Initialize SPC

v

Reset SPC

v

Load Initiator Address

v

Clear Registers

v

Enable Arbitration,
Parity Checking and
Reselection

v

Disable Hardware Interrupts

v

Enable SPC Operation
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’

’

STD
BFD

i WAIT:

; ENTRY:

EQU
EQU

MOV

 OR

MOV

MOV
MOV
MOV
MOV
MOV

CMP
JINZ
TEST
JNZ

LOSTARB:

BL = TARGET BUS ID (1,2,4,8,16,32,64,128)
BH = TARGET LUN

4400
4

PCTL, 00H
BL, BDID

TEMP, BL

TCH, HIGH (STD)
TCH, LOW (STD)
TCL, BFD
SCMD, 60H
SCMD, 10H

INTS, 0
INTR
SSTS, 20H
WAIT

Arbitrate and Select Phase

Se e N

Ne So e Se N

process lost arbitration

275 msec
1200 nsec

Indicate selection phase,I/O = 0
'OR’ in Initiator Bus ID

So Target can reselect
Target & Init bus ID

during selection

MSB of sel timeout value

Set LSB of sel timeout value

Set bus settle + bus free delay
Assert ATN signal

Start ARB & Selection sequence

Set

Set

Intr occur ?

Yes

Operation in progress ?
Yes

No, lost Arbitration
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Arbitrate and Select Phase (continued)

INTR:
TEST
JNZ
TEST
JNZ
JMP

CONNECTED :
CALL

Jc
MOV
OR

CALL
NOIDENT:
RET

OTHER:

process unexpected condition
bus reset or SPC hardware error

INTS,10H
CONNECTED
INTS, 04H
TIMEOUT
OTHER

CHECKMSGOUT
NOIDENT

AH, BH

AH, 0COH

MSGOUT

~e

Selection successful ?
Yes, continue

Target, timeout error ?
Yes, process

Process error

Check for MSG OUT Phase in order
... to send Identify MSG

Load desired Target LUN

Send Identify, with support for
Disconnection & Reselection

Send message

Target successfully selected
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- Arbitrate and Select Phase

I

? [ Aribtration & Selection]

| | Negate I/O Signal |

LLoad Target Bus ID ]

[Load Selection Tlmeoutl

'

Load Bus Free +
Bus Settle Delay

| Assert ATN Signal |

| Start Arbitration & Selection |

1

\

Error Exit

)

Targ Requesting
MSG Out 2

| Send Identify Message |

[ Successful Exit ]
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Command Phase

; ENTRY: [ES:SE] ?> SCSI Command
; CL = Command Length - 6,10 or 12
; TCH, TCM, TCL = 0
SENDCOMMAND: MOV TCL,CL ; Load transfer count
MOV PCTL, 02H ; Command Phase
MOV  SCMD, 84H ; Program transfer
MOV AL, OFOH ; Wait for SPC command to begin
SYNC: AND AL,SSTS ; Check Init & Busy bit
CMP AL, OBOH ; Ready ?
JNE SYNC ; No, Wait
TEST SSTS,02H ; FIFO Full?
JNE COUT ; Yes, wait
COUT: LODS BYTE PTR ES:[SIBead byte, inc ptr
MOV DREG, AL ; Send byte to SCSI
DEC CL ; Count done?
JNZ COUuUT ; No
CMP INTS, 0 ; Intr Occur ?
JZ CWAIT ; No, wait
TEST INTS,10H ; Command completed ?
CWAIT: JZ CERR ; No, process error
MOV  INTS, 10H ; Reset CMD complete Intr
RET ; Finished
CERR:

. .process unexpected condition

.bus reset,

disconnect or SPC hardware error
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| Command Phase

—\

' Send Command J
| v
L Load Transfer Count I

v

| |  Phase=Command |

. | Start Programmed Transfer |
|

»

L Process Error J L Reset Interruptl

( Error Exit ] [ Successful Exit]

Last Byte
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Message Out Phase

; ENTRY: AH = Message Byte
; TCH, TCM, TCL, = 0
; ATN Signal Is Asserted
MSGOUT:
MOV TCL, 1 ; Transfer 1 byte
MOV PCTL, 06H ; Specify MSG OUT phase
MOV SCMD, 84H ; Program transfer
SYNC:
MOV AL, OF1H ; Wait for SPC command to begin
AND AL, SSTS ; Check Init & Busy bit
CMP AL, OB1H ; Ready and FIFO empty ?
JNE SYNC ; No, wait
MOV DREG, AH ; Send byte & automatically
; ... negate ATN signal
MOWAIT:
CMP INTS, 0 ; Intr ?
JZ MOWAIT ; Not yet
TEST INTS, 10H ; Command completed ?
Jz MERR ; No, process error
MOV INTS,10H ; Reset CMD complete Intr
RET ; Finished
MERR:

...process unexpected condition
...bus reset, disconnect or SPC

hardware error
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Message Out Phase

[ Message Out ]

v

Load Transfer Count

'

Phase = MSG Out

v

Start Programmed Transfer

v

DREG = MSG Byte

Command Complete ?

Process Error Reset Interrupt
Error Exit Successful Exit
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Data In Phase

; ENTRY: BX = Byte Count

; [ES:DI] = Data Buffer Pointer

; Must handle 3 conditions:

; 1) Target Xfers exact byte count requested

; 2) Target Xfers more bytes than requested (Pad Input)

; 3) Target Xfers less bytes than requested (Phase Change)

DATAIN:
CLD ; Clear direction flag
MOV TCM, BH ; Load count, 0..65535

MoV TCL, BL

MOV PCTL, 01H Data In Phase

~e

MOV SCMD, 84H ; Programmed transfer
SYNC:

MOV AL, OFOH ; Wait for SPC command to begin

AND AL, SSTS ; Check Init & Busy bit

CMP AL, OBOH ; Ready ?

JNE SYNC ; No, wait
DILOOP:

CMP INTS, 0 ; Any Intrs ?

JNE DISVC ; Yes, process

TEST SSTS, 01H ; FIFO empty ?

JINZ DILOOP ; Yes, wait

MOV AL, DREG ; Read byte

STOS BYTE PTR [ES:DI] ; Store & inc ptr

DEC BX ; Done ?

JNE DILOOP
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- Data In Phase (continued)

" DICC:
TEST INTS, 10H
JZ DICC
MOV INTS,10H; SPC Command complete ?
MOV AL,87H ; No, wait
AND AL,PSNS ; Reset Intr
CMP AL,81H ; Target still in Data-In phase ?
JNE DIEXIT ; Read phase sense register

DIPAD: ; Req + Data-In Phase ?
MOV SCMD, 85H; No, exit normally (exact transfer)

DICCSR: ; Target has more, pad input
TEST INTS, 18H; Programmed xfer pad (long xfer)
JZ DICCSR :
MOV INTS, 18H; Command complete + service required intr

DIEXIT: ; No, wait for pad to finish
RET ; Reset Intr’s

DISVC:
TEST INTS, 08H; Done
JZ DIERROR
MOV INTS, 08H; Service req Intr (Phase Change) ?
TEST SERR, 0COH No, process error Intr
JNZ DIERROR ; Yes, xfer halted (short xfer)
process phase chanBerity error ?

; Yes
DIERROR: ; No, short transfer

. ..process unexpected condition
...bus reset, disconnect, parity or SPC

hardware error

?|
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Data In Phase

(  Dataln ]
v

I Load Transfer Countl

| Phase=Datain |

Command Complete ?

IStan Programmed TransferJ |

Reset Interrupt |

Target Phase =
Data In ?

N

Service Requested?

| Reset Interrupt]

[ Exit - Process New Phase]

[ Send Message Out ]

I Process Errori"

| Reset Interrupts |

&b

i

\
( Successtul Exit )

( Error Exit ]
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Data Out Phase

’

’

DMADATAOQOUT :

DMAOUTWAIT:

ENTRY:

CALL
MOV
MOV
MOV
MOV

CMP
JE
TEST
Jz
MOV
RET

BX =
[ES:SI] =

SETDMA
TCM, BH
TCL, BL
PCTL, 00H
SCMD, 80H

INTS, 0
DMAOUTWAI
T

INTS, 10H
PUI

INTS, 10H

Transfer Count
Data Buffer Address

~e

~e

Set up DMA controller
Load transfer count

Set Data Out phase
DMA transfer

Wait for DMA to complete

Command complete Intr ?
Process unexpected interrupt
Reset Intr

Exit
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DOCC:
TEST
Jz
MOV
MOV
AND
CMP
JNE
DOPAD:
MOV
MOV
DOCCSR:
TEST
Jz
MOV
DOEXIT:
RET
DOSVC:
TEST
JZ
MOV

DOERROR:

INTS, 10H
DOCC
INTS, 10H
AL, 87H
AL, PSNS
AL, 80H
DOEXIT

TEMP, 0
SCMD, 85H

INTS, 18H
DOCCSR
INTS, 18H

INTS, 08H
DOERROR
INTS, 08H

~e

’

’

’

...process phase change

Data Out Phase (continued)

SPC Command complete ?

No, wait

Reset Intr

Target still in Data-Out phase ?
Read phase sense register

Req + Data—-In Phase ?

No, exit normally (exact transfer)
Target has more, pad output

Send 0’s

Programmed transfer pad

Command complete + service required Intr ?
No, wait for pad to finish
Reset Intr’s

Done
Service Req Intr (phase change) ?

No, process error Intr
Yes, xfer halted (short xfer)

...process unexpected condition
...bus reset, disconnect or SPC hardware error
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Data Out Phase

L Data Out

- [ Load Transfer Countl

| Phase = Data Out |

[Start Programmed Transfer | [ Reset Interrupt ] l Reset Interrupt |

Nl Process Error l—P

Target Phase =
Data Out ?

Pad Done ?

[ DREG=Byte | [ Resetinterrupts |
al ‘

[ Exit — Process New Phase]

!
[ Successful Exit J
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Status Phase

; ENTRY:

STATUSIN:
MOV
MOV
MOV
SYNC:
MOV
AND
CMP
JNE
MOV
SWAIT:
CMP
Jz

TEST

Jz

MOV

RET
SERR:

TCH, TCM, TCL

TCL, 1
PCTL, 03H
SCMD, 84H

AL, OF1H
AL, SSTS
AL, OBOH
SYNC

AL, DREG

INTS, 0
SWAIT
INTS, 10H
SERR
INTS, 10H

0

Xfer 1 byte
Status Phase
Programmed transfer

Wait for SPC command to begin
Check Init, Busy bit & Empty bit
Ready and FIFO not empty ?

No, wait

Read status byte

Intr ?

No

Command completed ?

No, process error

Reset CMD complete Intr
Finished

...process unexpected condition
...bus reset, disconnect or SPC hardware error
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| Status Phase

’ [ Status In ‘
s !
Set Trasfer Count +
| Y Read DREG
Phase = Status

Y

Start Programmed Transfer

Transfer Started ?

Command Complete 2

Process Error Reset Interrupt
FIFO Empty ? ‘ ‘ \
( Error Exit ) Successful Exit
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Message In Phase

; ENTRY:

MGSIN:
MOV
MOV
MOV

SYNC:
MOV
AND
CMP
JNE
MOV

MIWAIT:
CMP
Jz
TEST
Jz
TEST
MOV
JINZ
CALL
MOV
Jc

MIEXIT
MOV
MOV
RET

TCH, TCM,

TCL, 1
PCTL, 07H
SCMD, 84H

AL, OF1H
AL, SSTS
AL, O0BOH
SYNC

AL, DREG

INTS, 0
MIWAIT
INTS, 10H
MIERR
SERR, 080H
AH, 09H
MSGEJECT
PROCESSMS
G

AH, 07H
MSGREJECT

SCMD, COH
INTS, 10H

TCL = 0

~

Si Se Se N

Se Se N

Read 1 byte
Message In phase
Programmed transfer

Wait for SPC command to begin

Check Init & Busy bit

Ready and FIFO not empty ?

No, wait

Read message byte & automatically hold
...ACK active for possible message reject

Intr ?

No

Command completed ?

No, process error

MSG parity error ?

Parity err code

Yes, send MSG parity err message
Perform message action

MSG reject code

Not wvalid MSG, reject it

Negate ACK
Reset CMD complete Intr
Finished
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Message In Phase (cont.)

MSGREJECT :
MOV SCMD, 30H

MOV SCMD, COH

MOV INTS, 10H

CALL CHECMSGOU

JNE T

CALL MIEXIT

JMP MSGOUT
MIERR: MIEXIT

...process unexpected condition
...bus reset, disconnect or SPC hard-

ware error

’
.
’
.
’

;

’
4
.
4
’

Assert ATN, notify target that
...last MSG is rejected

Negate ACK

Reset CMD complete Intr

See if target supports Message Out
No, exit

Send MSG

Done
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Message In Phase

( Message In )

[ Load Transfer Count |

Command Complete ? Process Error |

| Phase=MSGIn |

[ Error Exit ]

| Start Programmed Transfer |

Send MSG Parity Error |-

P

N
Transfer Started ?

I Send MSG Reject l

‘-—-—-————-——
| Negate ACK I v
v
| Resetinterrupt | | Assert ATN |

v

| Process Message | | Message Out |

v

Y @ ( Exit ) C Exit )

l Read DREG |
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Phase Decoder

PHASEDECODE :
MOV  BL,PSNS
TEST BL, 80H
Jz PHASEDECODE
AND BL,07H
XOR BH,BH
SHL BX,1
JMP  CS:PHASETABLE [BX]
PHASETABLE :
DW DATAOUT
DW DATAIN
DW SENDCOMMAND
DW STATUSIN
DW PHASEDECODE
DW PHASEDECODE
DW MSGOUT
DW MSGIN

Ne NSe Se Ne

~e

Se Se N Ne we N

~e

~e

Read phase sense registger
Reqg asserted ?

No, wait

Mask out SCSI phase bits

*2
Go to phase processing routine

Data Out Phase
Data In Phase
Send Command Phase
Status Phase
Reserved

Reserved

Message Out Phase
= Message In Phase

[}

Nord W PO
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Phase Decoder

[ Decode Phase

REQ Asserted ?

Phase = PSNS

v

Process Requested
Phase
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Appendix 5

SCSI REVALUATION

HOST ADAPTE
BOARD FORTHE PC, XT, OR AT

¢ 3.0 Megabyte/Second Asynchronous Transfer Rate*
e Supports up to Eight Arbitrating SCSI Devices and 64 LUNSs.

The Fujitsu PC to SCSI host adaptor board is a complete solution to connecting the PC,
XT, or AT to the SCSI. The board supports arbitration and disconnection. An optional
ROM includes the Interface Common Command Set with extended commands and
driver software to control the on-board Fujitsu SCSI Protocol Controller (SPC). The board
and ROM is everything you need to thoroughly evaluate the operation of the Fujitsu SPC.
It can also be used as a tool for debugging you own SCSI driver, by replacing the socketed
ROM with a static RAM. Your code can then be down-loaded directly from the PC to the
RAM. The ROM or RAM may be located on any 8K boundary within the PC’s one
megabyte address range via a DIP switch included on the board. The PC will look
between addresses C8000 and E0000 for the extended EIOs, so the board memory should
realistically be located somewhere in this range

The 16 SPC registers are memory mapped for speed and flexibility. Memory mapping the
registers eliminates I/O Port contention and allows the controller to coexist with the
standard disk controller.

The DMA channel is selected via a jumper and can be located on channel 1, 2, or 3
(normally the disk controller uses channel 3). The interrupt level is also selectable via a
jumper and can be set at levels 5, 6, or 7 (normally the disk controller uses level 5)..

* Actual data transfer rate will be limited by the PC I/O or DMA bandwidth
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Hardware

Half card for IBM PC, XT, AT and compatibles
Selectable SCSI ID: 0 to 7
Selectable PC wait state generator for PC data bus: 0 to 3 wait states

programmable memory map decode and socket for 8K or 16K EPROM, EEPROM,
ROM, and RAM

32 selectable PC memory maps in 8K or 16K increments

External and internal SCSI connectors to interface with external or internally
mounted SCSI peripherals

Odd parity generation for PC bus to SPC
PC DMA channel interface support
SPC interrupt mask register

Description

Software

366

On-board 8086 code to drive an SCSI mass storage device which in turn can boot the
PC at power-up

Common Command Set accessed as either an independent PC DOS device driver or
as a memory resident program via software interrupts

Direct disk I/O function available through standard ML-DOS interrupt 25H and 26H
function calls

Contains all logic to interface to standard PC or AT bus DMA control
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Software Layers

User Interface Layer:

Machine Interface Layer:

SCSI Layer

Hardware I/0 Layer:

Provides the computer “User” (programmer) a pseudo
high-level support mechanism for supporting SCSI1/O
functions. It executes commands via the 8086’s software
interrupt instructions in much the same way as PC-DOS
operating system calls. The SCSI instructions can be accessed
from this layer using common 8086 languages such as an
Assembler, Pascal and C.

Interface between PC/XT/AT machine and layers one and
two. DMA, Synchronous and Asynchronous I/O are
supported in this layer. Also, device driver and /or memory
resident program support.

Supports the Common Command Set and extended
commands.

Supports the low level primitive 1/O control between the
computer and the SPC.
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Feature List for the FM1030M SCSI Host Adapter

General

Interface;
MS/PC DOS

BIOS ROM
CD-ROM

Diagnostics:

Form Factor:

Protocol

Version:

SCSI Message Support:

Version:
Mode:

368

PC/XT/AT

DOS Driver for DOS 2.0 to 4.0
partitioning software
User application interface

Available

Initiator or target

One internal standard 50 pin dual row SCSI connector
One external standard 50 pin D-shell SCSI connector
Supports DMA or programmed 1/O transfers
Supports hardware or polled interrupts

Memory mapped I/O for increased performance
Low power CMOS controller

Half-size card

8-bit bus interface

8K ROM socket

EEPROM configuration memory available

Address selectable on any 8K boundary

Jumperable DMA channel, 1..3

Jumperable interrupt request Level, 2..7

Removable termination resistors

Jumperable termination power

Fused termination power

On-chip
575x44x.7

ANSI SCSI-I and SCSI-II
All non-extended messages
Common Command Set CCS 4B

Hardware - Initiator or Target
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Physical

Bus:

Parity Checking:

Transfer type:
Handshake:
Electrical:
Bus Chip:
Burst Rate

Connector:

Terminators:

Termination Power:

Logical

Firmware:

Initial Configuration:

Reset:

Supports Arbitration/Disconnect/Reselect

Yes

Asynchronous

Hardware controlled

Single-ended

Fujitsu MB87030

.3 to 1.u MB/s (dependent on PC speed/DMA controller)

Standard SCSI 50 pin D-shell external
Standard SCSI 50 pin dual row internal

Removable
Selectable

DOS driver or ROM or both
Automatic
Hard or soft

Contact your nearest Fujitsu Sales Office for information on demonstrations and loan
agreements for the SCSI board.
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Glossary

SCSITERMS

As with most advances in computer technology, SCSI brings new terms and new
meanings to the area of system design. Terms and meanings directly related to SCSI are

described in this section.
Term

Asynchronous Mode

Basis SCSI
Bus Arbitration

Bus Free Phase
Command Descriptor Block (CDB)

Command Phase

Daisy-Chained

Direct Memory Access (DMA)

Full SCSI

Meaning

SCSI operating mode where data transfers
between initiator and target occurs at discrete
rates without regard to specific amounts of time.

SCSI product that does not support arbitration.

In a SCSI system, the ability of both initiators
and targets to compete and gain control of the
SCSI bus for data transmissions.

SCSI bus is idle.

Series of bytes used to define and initiate a SCSI
command.

SCSI-bus phase where initiator is sending CDB
to target.

A method of electrically connecting multiple
devices together so all devices use a common set
of command/data transfer signals.

Method of data transfer to main memory
without use of the CPU.

SCSI product that supports arbitration and the
Reconnect/Disconnect options.
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Term

Handshake

Host Adapter

Initiator

Intelligent Interface

Mandatory Command

Message Phase

Non-arbitrating

Optional Command

372

Meaning

Control signals that initiate an asynchronous
data transfer between two devices. A handshake
is required for each byte transferred and no
specific response time is required for either the
initiator or the target.

Generally, the host adapter is a plug-in board
that performs the host bus -to-SCSI conversion.

SCSI device that is capable of beginning a data
transfer operation. Usually, the initiator is the
host computer; however, in systems with
arbitration. The target can also serve as the
initiator.

Any interface (like SCSI) which can execute a
high-level protocol and a supporting set of
commands.

SCSI command that must be supported by the
products to remain compatible with the ANSI
specifications. ‘

SCSI-bus phase at which time the initiator and
target exchange information regarding recent
transfers of data.

A non-arbitrating SCSI configuration is made up
of a single initiator and one or more targets. The
initiator is the bus master and the targets ar
slave. Reselection s not supported since the
reselection process requires the targets to
arbitrate for the bus. In this basic SCSI
configuration, the initiator selects a target and
remains connected to the target until the transfer
is complete

SCSI command which may or may not be
implemented in an SCSI product; the absence of
such a command does not affect compatibility.
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Term

Reconnect/Disconnect

Reselection Phase

Reserved

SCSIID

Status Phase

Synchronous

Target

Vendor Unique

X3T9.2

Meaning

Ability of SCSI device to “disconnect” from the
SCSI bus before completion of certain
commands and “reconnect” at a later time.

SCSI-bus phase where a device has won
arbitration and a connection between an initiator
and a target is re-established.

Command code or byte in SCSI protocol
reserved for a future function. The use of
reserved bytes violates the requirements for
SCSI compatibility.

A one-of-eight code used to address a device
connected to the SCSI bus.

SCSI-bus phase where the target sends status
information to the initiator.

SCSI method of transferring data from
initiator-to-target (or vice-versa_ in a specified
time interval. In synchronous mode, a data
transfer rate of 4.0 megabytes-per-second is
possible.

Any SCSI device capable of receiving commands
or data from another SCSI device.

SCSI command codes which are undefined.

The ANSI number designation for the small
computer systems interface.,
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