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 L5380/L53C80

Q Asyncronous Transfer Rrate Up to
4 Mbytes/sec

Q Pin and Functionally Compatible
with NCR5380, but 2.5x Faster

Q Low Power CMOS Technology

Q On-Chip SCSI Bus Drivers

Q Supports Arbitration, Selection/
Reselection, Initiator or Target Roles

 Programmed or DMA 1/0, Hand-

The 1.5380/ L53C80are very high per-
formance CMOS controllers which
support the physical layer of the SCSI
(Small Computer System Interface)
bus as defined by the ANSI X3T9.2
committee, Itis pin and functionally
compatible with the NMOS NCR5380,
while offering up to a 2.5x perform-
ance improvement, 10x power reduc-
tion, and lower cost. Replacement of

While remaining firmware compatible
with the NCR5380, the 1.5380/L53C80
provides bug fixes and state machine
enhancements allowing even larger
throughput gains for new designs.

The L5380/L53C80 supports asyncro-
nous data transfer between initiator
and target at up to 4 Mbytes/sec. It
operates in either initiator or target

shake or Wait State DMA Interlock  the NMOS 5380 by the LOGIC De- roles, and offers a choice of program-
Q Package Styles Available: vices L5380/L53C80 will resultinan  med 1/O (direct microprocessor mani-
* 40/48-pin Plastic DIP immediate transfer rate improvement  pulation of handshake) or any of
¢ 40/48-pin Sidebraze, Hermetic DIP  due to REQ/ACK and DRQ/DACK  several DMA modes {(autonomous
¢ 44-pin Plastic LCC, J-Lead handshake response times up to 5 handshake and data transfer opera-
¢ 44-pin Ceramic LCC times faster than previous devices. Hons), The L5380/L53C80 has
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internal hardware to support arbitra-
tion, and can monitor and generate
interrupts for a variety of error condi-

15380 — 40-pin Plastic DIP (P)

tions: It provides extensive bus status ale [
monitorigg features, and includes 40-pin He:’n“?“c DIP (0)
buffers capable of directly driving a Do [J1 4[] b1
terminated SCSI bus for a compact % E 2 s g D
implementation. % E . a7 % e
' 5 3] os
PIN DEFINITION i o

7 [l o7
A. SCSI Bus %1 e 0h A
SDBr-0 — SCSI DATA BUS 7-0: Sofele  =pM
Bidirectional /Active low. The 8-bit oo O of A
SCSI data bus is defined by these pins. SEL 12 20[1 OW
SDBy is the most significant bit, Dur- B85V []13 20 [] RESET
ing arbitration phase, these lines con- i_‘;'} E 1 27 ::} g‘:"_;cK
tain the SCSI ID numbers of all initia- ariie b Reoy
tors arbitrating for the SCSI bus; SDB7 ® 17 24 [} TOR
represents the initiator with the _© e 23f1 IR
highest priority. During the selec- o E" 22 % xa
tion/reselection phase, these lines 2 2
contain the ID number of the device
that won the arbitration along with
the 1D number of the device tgo be L5380 ~ 4:"’:" é'eLeadl ) cc
selected /reselected, "PIn Ceramic LCC (K)

SDBP — SCSI DATA BUS PARITY:
Bidirectional/Active low. SDBP is the
parity bit of the SCSI data bus, Odd
parity is used, meaning that the total
number of ones on the bus, including
the parity bit, is odd. Patity is always
generated when sending information,
however checking for parity errors
when receiving information is a user
option, Parity is not valid during arbi-
tration phase.

SEL — SELECT:

Bidirectional /Active low. SELis as-
serted by the initiator to selecta
target. Itis also asserted by the target
when reselecting it as an initiator.

BSY — BUSY:

Bidirectional/Active low. BSY is as-
serted to indicate that the SCSI bus is
active,

ACK — ACKNOWLEDGE:

Bidirectional/Active low. ACK is as-
serted by the initiator, during any in-
formation transfer phase, in response

PFPPQ 884843

|z552399
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T-5a-33-3"

L53C80 — 48-pin Plastic DIP (P)
48-pin Hermetic DIP (D)
soarf]t - 48] some
RST 2 47{] SDBs
GND []s 481 GND
BSY []4 45[1 SD84
SEL s 44]] 50Bs
AN []e 431 5082
NC [}7 421 NC
RESET Qo 41]]1 5DB1
IRa []e 40[1 8080
DRQ [ 10 3sf] GND
EOP 11 as[] SDBB
DACK {]12 37[] REQ
GND [}13 sl ACK
READY [}14 3s5[] ™
M5 4[] aND
At [1e 331 CO
A2 [J17 32[] MSG
NC [J18 3] NC
T8 19 3001 Do
oW [20 20]1 D1
IOR {21 28] o2
o7 [J22 27{]1 Da
D8 [Ja3 26{] D4
Ds [J24 25 Veo
L53C80 — 44-pin J-Lead (J)
44-pin Ceramic LCC (K)
-
Bz SEEEE S8
8§43 .
BUBBN
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to assertion of REQ by the target.
Similarly, ACK is deasserted after
REQ becomes inactive. These two
signals form the data transfer hand-

shake between the initiator and target.

Data is latched by the target on the
lowgoing edge of ACK for target re-
ceive operations,

ATN — ATTENTION:
Bidirectional /Active low. ATN is as-
serted by the initiator after successful
selection of a target, to indicate an in-
tention to send a message to the tar-
get. The target responds to ATN by
entering the MESSAGE OUT phase.
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RST — SCSI BUS RESET: L53C80 is ready to execute the next DACK — DMA ACKNOWLEDGE:

Bidirectional /Active low. RST when
active indicates a SCSI bus reset
condition,

G — INPUT/OUTPUT:
Bidirectional/Active low. /0 is con-
trolled by the target and specifies the
direction of information transfer,

When I70 is asserted, the direction of
transfer is to the initiator. [/Oisalso
asserted by the target during RESE-
LECTION phase to distinguish it from -
SELECTION phase,

C/D — CONTROL/DATA:
Bidirectional /Active low. T/D s
controlled by the target and when
asserted, indicates CONTROL (com-
mand or status) information is on the
SCSI data bus. DATA is specified
when C/D is deasserted.

MSG — MESSAGE:

Bidirectional /Active low. MSG is
controlled by the target, and when
asserted indicates MESSAGE phase.

REQ — REQUEST:

Bidirectional /Active low. REQ is as-
serted by the target to begin the hand-
shake assoclated with transfer of a
byte over the SCSI data bus. REQ s
deasserted upon receipt of ACK from
the initiator. Data is latched by the
initiator on the lowgoing edge of REQ
for initiator receive operations.

B. Microprocessor Bus

CS — CHIP SELECT:

Input/Active low. This signal enables
reading or writing of the internal regi-
sters by the microprocessor, using
memory mapped [/O. Analternate
method for reading selected registers
is available for DMA.,

DRQ — DMA REQUEST:
Output/Active high, This signal is
used to indicate that the L5380/

cycle of a DMA transfer on the micro-
processor bus. For send operations, it
indicates that the output data register
is ready to receive the next byte from
the DMA controller or CPU. Forre-
ceive operations, it indicates that the
input data register contains the next
byte to be read by the DMA controller
or CPU.

IRQ — INTERRUPT REQUEST:
Output/Active high. The L5380/
L53C80 asserts this signal to indicate
to the microprocessor that one of the
several interrupt conditions have been
met. These include SCSI bus fault
conditions as well as other events
requiring microprocessor interven-
tion. Most interrupt types are indi-
vidually maskable.

TOR — I/OREAD:

Input/Active low. IOR is used in con-
junction with TS and A2-0 to execute a
memory mapped read of a 15380/
L53C80 internal register. Itis also
used in conjunction with DACK to
execute a DMA read of the SCSI input
data register.

READY — READY:

Output/Active high. Ready is used
rather than DRQ as an alternate
method for controlling DMA data
transfer, This DMA type is termed
blockmade DMA, and must be specifi-
cally enabled by the CPU, In block-
mode DMA, data is throttled by treat-
ing the L5380/L53C80 as walt state
memory. I70 (DMA) cyclesare
initiated at the maximum rate sustain-
able by the DMA controller/memory
subsystem, but all cycles are extended
(wait-states inserted) until READY is
asserted by the L5380/L.53C80. Thisis
generally the fastest DMA method
since memory subsystem addressing
can be overlapped with SCSI opera-
tions (flyby made).

Input/Active low. DACK is used in
conjunction with TOR or IOW to
enable reading or writing the SCSI
Input and Output Data Registers
when in DMA mode. DACK resets
DRQ and must not occur simultane-
ously with C5.

EGP — END OF PROCESS:
Input/Active low. This inputis

used to indicate to the L.5380/L53C80
that a DMA transfer is to be con-
cluded, The L5380/L53C80 can auto-
matically generate an interrupt in
response to receiving EOP from the
DMA controller.

RESET — CPU BUS RESET:
Input/Active low, This input clears
all internal registers and state ma-
chines, It does not result in assertion
of the RST signal on the SCSI bus and
therefore affects only the local L5380/
L53C80 and not other devices on the
bus,

IOW — I/OWRITE: .
Input/Active low. TOW is used in
conjunction with C5 and A2-0 to
execute a memory mapped write of a
L5380/153C80 internal register. It is
also used in conjunction with DACK
to execute a DMA write of the SCSI
output data register.

A2, A1, Ao — ADDRESS 2,1,0:
Inputs/Active high. These signals, in
conjunction with C5, TOR, and IOW,
address the L.5380/L53C80 internal
registers for CPU read/ write opera-
tions.

D7-0 — DATA 7-0:
Bidirectional/Active high. These sig-
nals are the microprocessor data bus,
D7 is the most significant bit.
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* T-5a-33-39 ~
L5380/L.53C80 WRITE ADDRESS 1 — the L5380/L.53C80 is acting as an ini-
INTERNAL REGISTERS Initiator Command Register Hator,

The Inittator Command Registerisa p7 pis 3 - Assert BSY

Quervlew read/write register which allows CPU When this bit is set, BSY is asserted on
The L5380/L53C80 contains registers ~ control of the SCSI signals asserted by the SCSI bus. Rese t,tin this bit deas-
that are directly addressed by the the initiator. Some bits in this register "\ "o Moy P8 seft od o indicate

microprocessor. These registers allow
for monitoring of SCSI bus activity,
controlling the operation of the
L5380/L53C80, and determining the
cause of interrupts, In many cases, a
read-only and a write-only register are
mapped to the same address. Some
addresses are dummy registers which
are used to implement a control op-
eration but do not correspond to a
physical register, The state of the
CPU data bus when writing or
reading these dummy registers is
'don’t care.' Tables 1 and 3 show the
address and name of each register as
well as bit definitions.

Register Descriptions
A. WRITE OPERATIONS

The following paragraphs give
detailed descriptions of the function
of each bit in the L5380/153C80 inter-
nal registers for wtite operations as
shown in Table 1.

WRITE ADDRESS 0 —
Oufput Data Register

The Output Data Register is a write-
only register used for sending infor-
mation to the SCSI data bus. During
arbitration, the arbitrating SCSI device
assetts its ID via this register. The
device which wins arbitration also
asserts the “OR” of its ID and the ID
of the target/initiator to be selected/
reselected. In programmed 1/0, this
register is written using 5 and TOW
with A2-0.= 000, In DMA mode, itis
written when JOW and DACK are
simultaneously active, irrespective of
the state of the address lines, Note
that a “1" written to the Output Data
Register becomes a low state when
asserted on the active-low SCSI bus.

are not readable, and these positions
are mapped ta status bits useful in
monitoring the progress of arbitration.
These, along with the initiation of
systemwide reset and test functions
may also be of use to the target.

R1 Bit 7 - Assert RST

When this bit is set, the L5380/L53C80
asserts the RST line on the SCSI bus,
initializing all devices on the bus to
the reset condition, Alllogicand
internal registers of the L5380/L53C80
are reset, except for the Assert RST bit
itself, the Testmode bit (R1 bit 6) and
the IRQ (interrupt request) latch, The
IRQ pin becomes active indicating a
SCSI bus reset interrupt. This inter-
rupt is not maskable,

R1 Bit 6 - Testmode

When this bit is set, the 1.5380/L53C80
places all outputs including both SCSI
and CPU signals, in a high impedance
state. This effectively removes the de-
vice from the system as an aid to sys-
tem diagnostics. Note that internal
registers may still be written while in
testmode. The L5380/L53C80 returns
to normal operation when Testmade
is reset. The Testmode bitis reset by
writing a 0 to R1 bit 6, or via the
RESET (CPU reset) pin. Testmodeis
not affected by the RST (SCSI bus
reset) signal, or by the Assert RST bit
in the Initlator Command Register (R1
bit 7).

R1 Bit 5 - Not Used

R1 Bit 4 - Assert ACK

When this bit is set, ACK is asserted
on the SCSI bus, Resetting this bit de-
asserts ACK. Note that ACK will be
asserted only if the TARGETMODE
bit (R2 bit 6) is reset, indicating that.

that the device has been selected or
reselected, and deasserting BSY causes
abus free condition.

R1 Bit 2 - Assert SEL,

‘When this bit is set, SEL is asserted on
the SCSI bus. Resetting this bit deas-
serts SEL. 5EL is normally asserted
after a successful arbitration.

R1Bit1- Assert ATN

When this bit is set, ATN is asserted
on the SCSI bus, Resetting this bit de-
asserts ATN. ATN is asserted by the
initiator to request message out phase,
Note that ATN will be asserted only if
the TARGETMODE bit (R2 bit 6) is
reset, indicating that the L5380/
L53C80 is acting as an initiator.

R1 Bit 0 - Assert Data Bus

When this bit is set, the open drain
SCSI data bus and parity drivers are
enabled and the contents of the
Output Data Register are driven onto
the SCSI data lines. In addition to the
Assert Data Bus bit, enabling of the
SCSI bus drivers requires one of the
following two sets of conditions:

When the L5380/L53C80 is operating
as an initiator, the Targetmode bit (R2
bit 6) must be reset, the I/O pin must
be negated (initiator to target transfer)
and no phase mismatch condition )
exist. A phase mismatch occurs when
the MSG, T/7D, and 170 bits of the
Target Command Register (R3) do not
match the corresponding SCSI control
lines.

When the L5380/L53C80 is operat-
ing as a target, the Targetmode bit
will be set, and in this case Assert
Data Bus will enable the outputs
unconditionally,
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The Assert Data Bus bit need not be
set for arbitration to occur; when the
Arbitrate bit (R2 bit 0) is set, and a bus
free condition is detected, the data bus
will be enabled for arbitration inde-
pendent of the state of the Assert Data
Bus bit.

Finally, note that the Testmode bit
(R1 bit 6) overrides all other controls
including Assert Data Bus and
Arbitrate, and disables all outputs,

WRITE ADDRESS 2 —
Mode Register

The Mode register is a read /write
register which provides control over
several aspects of L5380/L53C80
operation., Programmed I/O or two
different types of DMA transfer may
be selected, initiator or target device
operation is accommodated, and
parity checking and interrupts may be
enabled via this register. The function
of each individual bit is described as
follows:

R2 Bit 7 - Blockmode

This bit must be used in conjunction
with DMA Mode (R2 bit 1). It is used
to select the type of handshake
desired between the L5380/L53C80
and the external DMA controller, See
“1.5380/L53C80 Data Transfers” for a
complete discussion of the transfer
types supported,

R2 Bit 6 - Targetmode

When this bit is set, the 1L.5380/1L53C80
will operate as a SCSI target device.
This enables the SCSI signals T/0,
C/D, M5G, and REQ to be asserted.
When Targetmode is reset, the device
will operate as an initiator. This
enables the SCSI signals ATN and
ACK to be asserted. Targetmode also
affects state machine operation for
DMA transfers, and the conditions
necessary for enabling the SCSI Data
bus drivers. (See Assert Databus,

R1 bit 0).

ot =
v — v
s

]
% —
e —— 1

l

L.5380/L53C80
LOGIC DEVICES I 2LE D
Address 0 — Output Data Register
7 6 5 4 3 2 1 0
SDB7 | SDBs | SDBs | SDB4 | SDBs | SDBz2 | SDBt | SDBo
Address 1 — Initlator Command Register
7 6 5 4 3 2 10
ASSERT| TEST ASSERT| ASSERT| ASSERT | ASSERT| ASSERT
AST | MODE ACK B3y SEL ATN | DATA
BUS.
Address 2 — Mode Register
7 6 5 4 3 2 1 0
BLOCK |TARGET| ENABLE| ENABLE | ENABLE| MONI- DMA ARBI-
MODE | MODE | PARITY | PARITY | EODMA| TOR MODE | TRATE
CHECK | INT'RPT | INT'RPT | BUSY
Address 3 — Target Command Reglster
7 6 5 4 3 2 1 0
LAST ASSERT| ASSERT |ASSERT | ASSERT
BYTE REG | MSG 7s] /(o)
SENT
Address 4 — |D Select Register
7 6 7 5 4 3 2 1 ]
SDB7 | SDBs | SDBs | SDB4 | SDB3 | SDB2 | SDB1 | SDBo
Address 5 — Start DMA Send
7 6 5 4 3 2 1 1]
Address 6 — Start DMA Target Recelve
7 6 5 4 3 2 1 0
Address 7 — Start DMA Initiator Receive
7 6 5 4 3 2 1 0
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R2 Bit 5 - Enable Parity Check

When this bit is set, information
received on the SCSI data busis
checked for odd parity, When Enable
Parity Check is set, the Parity Error
latch will be set whenever data is re-
ceived under DMA control or the
Current SCSI Data Register (Read
Register 0) is read by the CPU. The
state of the parity error latch can be
determined by reading R5 bit 5, and it
can be reset by a read to Address 7.
Note that enable parity check must be
set if parity error interrupts are to be
generated. This interrupt can be
separately masked by the Enable
Parity Interrupt bit (R2 bit 4) while
retaining the state of the parity error
latch for later examination by the
CPU.

R2 Bit 4 - Enable Parity Interrupt

When this bit is set, the L5380/L53C80
will set the Interrupt request latch,
and assert IRQ (interrupt request) if it
detects a parity error. Enable Parity
Check (R2 bit 5) must also be setif
parity erxor interrupts are desired.

R2 Bit 3 ~ Enable End Of DMA Interrupt

When this bit is set, the L5380/L53C80
will set the interrupt request latch,
and assert IRQ (interrupt request) if it
detects a valid EOP (End of Process)
signal. EOP is normally generated by
a DMA controller to indicate the-end
of a DMA transfer, EOP is valid only

- when coincident with TOR or [OW
and DACK,

R2 Bit 2 - Monitor Busy

When this bit is set, the L.5380/L53C80
continuously monitors the state of the
B5Y signal. Absence of BSY fora
period longer than 400 ns (butless
than 1200 ns) will cause the L5380/
L53C80 to set the BSYERR and IRQ
(interrupt request) latches, In addi-
tion, the 6 least significant bits of the
Inittator Command Register are reset,
and all SCSI data and control outputs
are disabled until the BSYERR latch is

LOGIC DEVICES INC
reset. This effectively disconnects the
L5380/L53C80 from the SCSI bus in
response to an unexpected disconnect
by another device, Italso allows the
CPU to be interrupted when the SCSI
bus becomes free in systems where
arbitration is not used and an EOP
signal is not available.

R2 Bit 1- DMA Mode

When this bit is set, the L5380/
L53C80’s internal state machines
automatically control the SCSI signals
REQ and ACK (as appropriate for
initlator or target operation) and the
CPU signals’ DRQ and READY. DMA
Mode must be set prior to starting a
DMA transfer in either directon. The
DMA Mode bit is reset whenever a
bus free condition is detected (BSY is
not active). This aborts DMA opera-
Hons when a loss of BSY occurs, re-
gardless of the state of the Monitor
Busy bit (R2 bit2)) The DMA Mode
bit is not reset when EOP is received,
but must be specifically reset by the

L.5380/L53C80

2kE D

register RO which is set represents the
priority number of the SCSI device,
with bit 7 the highest priority. See the
section on “Arbitration” for a full
discussion of the L5380/L53C80 arbi-
tration procedure.

WRITE ADDRESS 3 —
Target Command Register

The Target Command Register is a
read/write register which allows CPU
control of the SCSI signals asserted by
the target. In addition, this register
contains a read-only status flag useful
in unambiguously determining when
the last byte of a DMA transfer has
actually been sent over the SCSI bus,

When operating as an initiator with
DMA mode set, the ASSERT MSG,
ASSERT T/D, and ASSERT I70 bits
are used as a template to compare
against the corresponding SCSI
control signals provided by the target.
A phase mismatch interrupt will be

CPU, EOP does however inhibitaddi- generated on the falling edge of the

tional DMA cycles from occurring,

R2 Bit 0- Arbitrate

This bit is set to indicate a desire to
arbitrate for use of the SCSI bus.
Before setting the Atbitrate bit, the
SCSI Output Data Register (Write
Register 0) must be written with the
SCSI ID assigned to the arbitrating
SCSl device. The bit position of

REQ input if the template does not
match the state of the signals, There-
fore the CPU should initialize these
bits to the phase of the expected data
transfer. An interrupt then will signal
an intent by the target to change toa
new phase, The SCSI information
transfer phases and their associated
direction of data transfer are given in
Table 2,

MSG C/D VO Phase Direction

0 0 0 DataOut Initiator — Target
o 0 1 Data In Target - Initiator
0. 1 O Command Initiator - —» Target
o 1 1 Status Target - Initiator
i 0 0O Unused

i1 0 1 Unused

i 1 0 Message Out - Initiator — Target
1 1 1 Message In  Target - Initiator
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R3 Bits 74 ~ Not Used

R3 Bit 3 - Assert REQ

When this bitis set, REQ is asserted
on the SCSI bus, Resetting this bit de-
asserts REQ. Note that REQ will be
asserted only if the TARGETMODE
bit (R2 bit 6) 1s set, indicating that the
1.5380/L53C80 is acting as a target.

R3 Bit 2 - Assert MSG

When this bit is set, MSG Is asserted
on the SCSI bus, Resetting this bit de-
asserts MSG. Note that MSG will be
asserted only if the TARGETMODE
bit (R2 bit 6) is set, indicating that the
L5380/1.53C80 s acting as a target.
When operating as an initiator, this bit
is compared against the MSG input,
and an interrupt is generated if they
differ at the falling edge of REQ.

R3 Bit1- Assert C/D

When this bit is set, C/D is asserted
on the SCSI bus. Resetting this bit de-
asserts C/D. Note that C/D will be
asserted only if the TARGETMODE
bit (R2 bit 6) Is set, indicating that the
L5380/L53C80 is acting as a target.
When operating as an initiator, this bit
is compared against the C/D input,
and an interrupt is generated if they
differ at the falling edge of REQ.

B 5545905 0001379 4 HM

R3 Bit 0- Assert [JO

When this bit is set, T/O is asserted on
the SCSI bus. Resetting this bit deas-
serts T/O. Note that /0 will be
asserted only if the TARGETMODE
bit (R2 bit 6) is set, indicating that the
L5380/L53C80 s acting as a target.
When operating as an initiator, this bit
is compared against the 7O input,
and an interrupt is generated if they
differ at the falling edge of REQ.

WRITE ADDRESS 4 —
ID Select Register

The ID Select Register is a write-only
register which is used to monitor for
selection or reselection attempts to
the L5380/L53C80. In arbitrating
systems, an D number is assigned to
each SCSI device by setting a single
bit position of the ID select register.
Each SCSI data pin is inverted and
compared with the corresponding bit
in the ID Select Register. If any
matches are found while a bus free
condition exists and SEL is active, the
L5380/1.53C80 will generate an inter-
rupt to indicate a selection or reselec-
Hon. During selection or reselection,
parity checking may be enabled by
setting the Enable Parity Check bit (R2
bit 5). This interrupt may be masked
by resetting all bits in this register.

L5380/L53C80
2kE D 1-53-33-99

WRITE ADDRESS § —
Start DMA Send

This is a dummy register, Writes to
this location are detected and cause
the L5380/1.53C80 internal state ma-
chine to execute a DMA send opera-
tion. This location is used for either
initiator or target DMA send. The
DMAMODE bit (R2 bit 1) must be set
prior to writing this location.

WRITE ADDRESS 6 —
Start DMA Target Receive

This is a dummy register. Writes to
this location are detected and cause
the L538/L53C80 internal state ma-
chine to execute a target DMA receive
operation. The DMAMODE bit (R2
bit 1) and the TARGETMODE bit (R2
bit 6) must be set prior to writing this
location,

WRITE ADDRESS 7 —
Start DMA Initiator Receive

This is a dummy register. Writes to
this location are detected and cause
the L5380/L53C80 internal state ma-
chine to execute an initiator DMA
recelve operation. The DMAMODE
bit (R2 bit 1) must be set and the
TARGETMOQDE bit (R2 bit 6) must be
reset prior to writing this location.
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B. READ OPERATIONS

The following paragraphs give
detailed descriptions of the function
of each bit in the L5380/L53C80 inter-
nal registers for read operations as
shown in Table 3,

READ ADDRESS 0 —
Current SCSI Data Bus

The Current SCSI Data Bus Register
allows the microprocessor to monitor
the SCSI data bus at any time, by
asserting CS and IOR with address
lines A2-0 = 000, The SCSI data lines
are not actually registered, but gated
directly onto the CPU bus whenever
address 000 is read by the CPU.
Therefore, reads of this location
should only be done when the SCSI
data lines are guaranteed to be stable
by the SCSI protocol. For systems
which implement SCSI bus arbitra-
tion, this location is read to determine
whether devices having higher priori-
Hes are also arbitrating. Programmed
1/0 data transfer uses this location for
reading data transferred on the SCSI
data bus. With parity checking
enabled, SCSI data bus parity check-
ing is done at the beginning of the
read cycle for fast error detection.
Note that the SCSI data bus is in-
verted to become active high when
presented to the CPU,

READ ADDRESS 1 —

Initlator Command Register
Reading bit 7 or bits 4-0 of the Initia-
tor Command Register simply reflects
the status of the corresponding bit in
the register. Bits 6 and 5 are mapped
to other signals as discussed below:

R1 Bit 6 - Arbitration In Progress

For this bit to be active, the ARBI-
TRATE bit (R2 bit 0) must be set,
When ARBITRATION IN PROGRESS
is set, it indicates that the L5380/
L53C80 has detected a bus free
condition and is currently arbitrating

)
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for control of the bus, See the section
on “Arbitration” for a complete
discussion of the L.5380/L53C80
arbitration mechanism. Resetting the
ARBITRATE bit will reset ARBITRA-
TION IN PROGRESS.

R1 Bit 5 - Lost Arbitration

For this bit to be active, the ARBI-
TRATE bit (R2 bit 0) must be set.
When LOST ARBITRATION is set,
it indicates that the L5380/L53C80
has arbitrated for the SCSI bus (see
R1 bit 6 above) and has detected the
assertion of SEL by-another (higher
priority) device, The L5380/L53C80
responds to loss of arbitration by
immedjately discontinuing the
arbitration attempt. Resetting the
ARBITRATE bit will reset LOST
ARBITRATION.

READ ADDRESS 2 —
Mode Register

Reading the Mode Register simply
reflects the status of the bits in that
register.

READ ADDRESS 3 —
Target Command Register

Reading the Target Command Regi-
ster simply reflects the status of the
bits in that register, except for bit 7,
LAST BYTE SENT.

R3 bit 7 - Last Byte Sent

This tead only bit indicates that the
last byte of data loaded into the
L5380/1.53C80 during a DMA send
operation has actually been trans-
ferred over the SCSI bus. Note that
the end of process flag and the
corresponding interrupt occur when
this byte is loaded into the L5380/
L53C80, but do not reflect whether it
has actually been sent. This bit is not
present in the NCR5380, but is present
in the NCR53C80. Last Byte Sent is
reset when the DMAMODE bit (R2
bit 1) is reset. .

L5380/L53C80

¢bE D
READ ADDRESS 4 —
Current SCSI Control Register

The Current SCSI Control Register
provides a means for the CPU to di-
rectly monitor the state of the SCSI
bus control signals, The SCSI control
lines are not actually registered, but
gated directly onto the CPU bus
whenever Address 100 is read by the
CPU. The value of each bit position
represents the complement of the cor-
responding (fow true) SCSI Signal Pin,

READ ADDRESS 5 —
DMA Status Register

The DMA Status Register provides a
means for the CPU to determine the
status of a DMA transfer and to
determine the cause of an interrupt. It
also makes available the final two
SCSI bus signals which are not in-
cluded in the Current SCSI Control
Register. The function of each indi-
vidual bit is defined as follows;

R5 Bit 7 ~End of DMA

When this bit is set, it indicates that a
valid EOP has been received during a
DMA transfer. A valid EOP occurs
when EOP, DACK, and either IOR or
TOW are simultaneously active for the
minimum specified ime. End of
DMA is reset when the DMAMODE
bit (R2 bit 1) is reset,

Note that for DMA send operations,
an END OF DMA status indicates
only that the last byte of the transfer is
loaded into the Output Data Register
of the sending device, not that it has
actually been transferred over the
SCSI bus, For this reason, the L5380/
L53C80 provides an additional status
bit; LAST BYTE SENT (R3 bit 7) which
indicates that this final byte has been
transferred to the receiving end. This
bit is not present in the NCR5380.

Also, note that the DMAMODE bit is
reset automatically whenever a loss of
busy condition is detected, which in
turn resets END OF DMA. Therefore
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the DMA Status Register should be R { S

read prior to resetting the ASSERT == ,

BSY bit (R1 bit 3) at the conclusion ofa | Address 0 — Current SCSI Data Bus

DMA transfer. 7 6 5 4 3 2 1 0

R5 Bit 6 - DMA Request '

This bit reflects the state of the DRQ §DB7 | SDBe | SDBs | SDB4 | SDBs | SDB2 | SDBt | SDBo

(DMA Request) signal. In pro- . .

grammed 1/0, this bit can be polled _

by the CPU to determine whether Address 1 — Initiator Command Register

there lsa pending request for byte AS;E T AR: IN LOSST AS;ERT ASSaERT ASSzERT ASS1ERT ASSoERT

transfer. For DMA send operations, R .

DMA REQUEST is reset when DACK RST G';Féos‘s ARB. ATR BsY SEL ATR DBI?J.I-SA

and IOW are simultaneously asserted.

For DMA receive operations, simulta-

neous DACK and IOR will reset DMA | Address 2— Mode Reglster

REQUEST. DMA REQUEST is reset 7 T 6 5 NA‘ - NAaBL . ole_, D:M A:Bl

unconditionally when the BLOCK | TARGET| ENABLE| ENABL E N
i MODE | MODE | PARITY | PARITY | EODMA| TOR | MODE | TRATE

DMAMODE bit (R2 bit 1) s rosst. CHECK | INTRPT | INTRPT| BUSY

R5 Bit 5 - Parity Error ’

This bit can only be set if ENABLE Address 3 — Target Command Register

PARITY CHECK (R2 bit 5) is set, 7 6 5 4 3 2 1 0

When enabled, the PARITY ERROR LAST ' ASSERT]| ASSERT [ASSERT | ASSERT

bit is set if incoming SCSI data in BYTE REO | MSG o) o

either initiator or target made, ot SENT

during selection phase, does not

correctly reflect odd parity. PARITY Address 4 — Current SCSI Controi Register

ERROR can be reset by a read to 7 6 5 4 3 2 1 0

the Reset Error/Interrupt Register :

Register 7). RST | BSV | REG | MSG | CD | 7O | SEL |PARMY

R5 Bit 4 - Inferrupt Request

This bit reflects the state of the IRQ

signal. The L5380/L53C80 asserts Address 5 — DMA Status Register

IRQ to generate an interrupt to the 7 6 5 4 3 2 1 0

CPU. See the section on “Interrupts” END DMA | PARITY | INTER- | PHASE | BUSY i ]

for further information on the possible OF REQ. | ERROR{ RUPT | MATCH ERROR | ATN ACK

sources of interrupts in the 15380/ OMA REQ.

L53C80. INTERRUPT REQUEST can

be reset by a read to the Reset Error/ Address 6 — Input Data Reglster

Interrupt Register (Register 7). 7 6 5 4 3 2 1 0

R5 Bit 3 - Phasz Match , | ,

When this bit is set, it indicates that SDB7 | SDBs | SDBs | SDB4 | SD SDB2 | SDBt1 | SDBa

the MSG, €7D, and I70 lines match

the state of the ASSERT M5G, AS- -

SERT C7D, and ASSERT /O bits in Add(ess 7 6F{eset Error/interrupt Reglster

the Target Command Register. 7 5 4 3 2 1 0

PHASEMATCH is not actually regis-
teréd, but represents a continuous

comparison of these three phase bits

to the corresponding internal register
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locations. This bit is intended for use
by the initlator to detect that the target
device has changed to a different
information transfer phase. When the
1.5380/1L53C80 detects a phase mis-
match, PHASEMATCH is reset, and
information transfer to or from the
SCSTI bus is inhibited.

R5 Bit 2 - Busy Error

This bit can only be set if the MONI-
TOR BUSY bit (R2 bit 2) is set. When
set, BUSY ERROR indicates that the
BSY pin has been false for a period at
least equal to a bus settle delay

(400 ns) When the BUSY ERROR con-
dition is detected, all SCSI signal pins
are disabled, and the DMAMODE

bit (R2 bit 1) and bits 0-5 of the
Initiator Command Register are reset.
BUSY ERROR can be reset by a read
to the Reset Error/Interrupt Register
(Register 7).

R5Bits 1,0 - ATN, ACK

Like the Current SCSI Control Regi-
ster, these bits provide a means for the
CPU to directly monitor the state of
the SCSI bus control signals. The SCSI
control lines are not actually regis-
tered, but gated directly onto the CPU
bus whenever Address 5 is read by the
CPU. The value of each bit position
represents the complement of the cor-
responding (fow true) SCSI Signal Pin,

READ ADDRESS 6 —
Input Data Register

This register acts as a temporary
holding register for information
received from the SCS! data bus dur-
ing DMA transfers (DMAMODE bit,
R2bit 1is set). In the initlator mode,
the L5380/1.53C80 latches the SCSI
data when REQ goes active, while in
the target mode data is latched when
ACK goes active. The contents of this
register represent the negation of the
low-true SCSI data.” The contents of
the SCSI Input Data Register are gated

onto the CPU data bus when DACK
and TOR are simultaneously true, or
by a CPU read of location 6. Note that
DACK and CS must never be active si-
multaneously, to prevent conflicting
read operations. Parity may opton-
ally be checked on the data as itis
loaded into this register,

READ ADDRESS 7 —
Reset Error/Interrupt Register

This is a dummy register. Reads to
this location are detected and used to
reset the Interrupt Request Latch (IRQ
signal) and the PARITY ERROR,
INTERRUPT REQUEST, and BUSY
ERROR latches (visible as bits 5, 4,
and 2 of Register 5).

INTERRUPTS

The L5380/L53C80 generates inter~
rupts to the CPU by setting the
Intetrupt Request Latch, which
directly drives the IRQ (Interrupt
Request) line. The IRQ output will
reflect the state of the Interrupt
Request Latch under all conditions
except when TESTMODE (R1 bit 6) is
active, when it is in a high impedance
state, The Interrupt Request Latch
may be reset by reading Address 7,
the Reset Error/Interrupt Register. A
read of this location also resets several
error condition latches as discussed in
the section on “Internal Registers.”

Interrupts may be caused by any of
six conditions, most of which may be
masked by resetting enable bits in the
appropriate registers. The following
sections describe each interrupt type,
its cause, and how it may be reset.
Upon recelving an interrupt, the CPU
may read the Current SCSI Control
Register (R4) and the DMA Status
Register (R5) to determine the cause of
the interrupt. While the following
discussions indicate the expected

T™53-33-q) ~
values of these registers following an
interrupt, it is recommended that bits
in these registers which are not
germane to determining the cause of
an interrupt be masked off in firm-
ware prior to implementing a com-
parison. A typical operational se-
quence for an interrupt service routine
is given at the end of this section.

SCSI Bus Reset Interrupt

A SCSI Bus Reset Interrupt occurs
when the SCSI R5T signal becomes
active, This may be due to another
SCsI device driving the RST line, or
because the ASSERT RST bit (R1 bit 7)
has been set, causing the L5380/
L53C80 to drive the SCSI RST line.
The value of the SCSI RST lineis
visible as R4 bit 7; however, this line is
not latched and therefore may have
changed state by the time the CPU
responds to the interrupt and polls
this location. For this reason a SCSI
Bus Reset Interrupt should be assum-
ed if no other interrupt condition is
active when reading Registers 4 and 5.

The SCS! Bus Reset Interrupt is non-

" maskable. The expected read values

for the Current SCSI Control Register
and the DMA Status Register upon
encountering this interrupt are given
in Table 4.

Selection/Reselection Interrupt

A Selection/Reselection Interrupt
occurs when the SCSI SEL signal be-
comes active, the SCSI bus matches
the bit set in the ID Select Register,
and BSY has been false for at least a
bus settle delay. When the T/O pinis
ag-serted, the interrupt should be
interpreted as a reselection. The
Selection/Reselection Interrupt may
be masked by resetting all bits in the
ID Select Register. The expected read
values for the Current SCSI Control
Register and the DMA Status Register
upon encountering this interrupt are
givenin Table 4.
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Loss of Busy Interrupt

A Loss of Busy Interrupt occurs when
the SCSI BSY signal has been inactive
for at least a bus settle delay (400 ns).
The Loss of Busy Interrupt may be
masked by resetting the MONITOR
BUSY bit (R2 bit2). Resetting MONI-
TOR BUSY also prevents the BUSY
ERROR latch (Read R5 bit 2) from
being set. The expected read values
for the Current SCSI Control Register
and the DMA Status Register upon
encountering this interrupt are given
in Table 4.

Phase Mismatch Interrupt

A Phase Mismatch Interrupt occurs
when the DMAMODE bit (R2 bit 1)

is set, REQ is active on the SCSI bus,
and the SCSI phase signals MSG,
C/D, and I/0 do not match the corre-
sponding bits in the Target Com-
mand Register. This interruptis
intended for use by the initator to
detect a change of phase by the target
during a DMA transfer. When
operating as a target, the SCSI phase
lines will normally be asserted via the
Target Command Register, so no
phase mismatch will be generated

unless another SCSI device is errone- -

ously driving the phase lines to an
unintended state,

The result of the continuous compari-
son of the SCSI phase lines to the Tar-
get Command Register contents is
visible as the PHASE MATCH bit
(Read R5 bit 3). This flag operates
frrespective of the state of
DMAMODE and REQ. Aslongasa
phase mismatch condition persists,
the 1.5380/L53C80 is prevented from
recognizing active REQ) inputs, and
SCSI output data drivers are disabled.

The Phase Mismatch interrupt is
nonmaskable, however it will only
oceur when operating in
DMAMODE. The expected read
values for the Current SCSI Control
Register and the DMA Status Register

upon encountering this interrupt are
givenin Table 4,
Parity Errar Interrupt

A Parity Error Interrupt occurs when
incorrect parity is detected during a

| Read Address 4 — Current SCSI Control Reglster

T53-33-2
read of the SCSI bus. Parity checking
occurs under the following conditions:
Patity is checked during a pro-
grammed I/0 read of the Current
SCSI Data Register (Read R0), when
T5 and TOR are active and the A20

7 6 5 4 3 2 | 1 0
RST | BSY | REQ | MSG | &/ | WO | SEL |PARITY
SCSl Bus Interrupt

X | o] o J o] o] o | o | o
Selection/Reselection Interrupt

o [ o] o | x | x f=Resel] 1 | X
Loss of Busy Interrupt

o | o ] o] o[ o] o [ o ] o
Phase Mismatch Interrupt 7

o [+ [+ [ x| x | x | o | X
Parity Error Interrupt 7

o [ x | x [ x ] x| x | x | X
End of DMA Interrupt

o | + [ x| x| x | x | o | X

Read Address 5 — DMA Status Reglster

1 1 o | o [ 1

7 6 5 4 '3 | 2 1 | 0
END | DMA | PARITY | INTER- | PHASE | BUSY

OF REQ. | ERROR| RUPT | MATCH | ERROR | ATN ACK
DMA , REQ.
SCSI Bus Interrupt o

o | o [ o | t [ 1] o [ o | o
Selection/Reselection Interrupt

o | o [ o [ 1+ I x [ o [ x | o
Loss of Busy Interrupt

o | o | o | 1+ | x| 1 ] o ] o
Phase Mismatch Irnterrupt

0 [ o [ o 1t ] o | x | x | o
Parity Error Interrupt 7

X I x [+ 1+ 1 x [ x [ x | x
End of DMA Interrupt

L. x | o | o | x
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lines are 000. Parity isalso checked =~ DATA TRANSFERS Programmed 1/O

during DMA read operations ) Two £ pre ed1/0

(DMAMODE bit, R2 bit 1is set) when e L280/1.56CB0 supports pro. supported by e 80/ Eoutn, For

ACK is active for target receive, or grammed I/0 under control or normal programmed 1/0, the SCSI

DMA transfer via a DMA controller Progr 4

REQ is active for initiator receive,

The PARITY ERROR latch is set when
parity error checking is enabled and
one of the above parity error condi-
tons is encountered. This latchis
visible as bit 5 of the DMA Status
Register (Read R5). The Parity Error
Interrupt may be masked and setting
of the PARITY ERROR latch pre-
vented by resetting the ENABLE
PARITY CHECK bit (Write R2 bit 5).
The PARITY ERROR latch can be reset
by reading the Reset Error/Interrupt
Register (Read R7). The expected read
values for the Current SCSI Control
Register and the DMA Status Register
upon encountering this interrupt are
givenin Table 4.

End of DMA Interrupt

An End of DMA Interrupt occurs
when a valid EOP (End of Process)
signal is detected during a DMA
transfer, EOP is valid when EOP,
DACK, and either TOR or JOW are si-
multaneously asserted for the mini-
mum specified time, EOP inputs not
occurring during 1/0 read or write
operations are ignored.

The End of DMA latch is set whenever
the DMAMODE bit (R2 bit 1) is set
and a valid EOP is received. This
latch is visible as bit 7 of the DMA
Status Register (Read R5). The End of
DMA Interrupt may be masked by
resetting the ENABLE EODMA
INTERRUPT bit (Write R2 bit 3). This
bit does not affect the END OF DMA
latch, however. The End of DMA
latch can be reset by resetting the
DMAMODE bit in the Made Register,
The expected read values for the
Current SCS] Control Register and the
DMA Status Register upon encounter-
ing this interrupt are given in Table 4,
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when transferring information to and
from the SCSI data bus, Programmed
I/O can be implemented entirely in
firmware or using minimum external
logic for accessing the appropriate
registers, Under DMA contro), the
1.5380/L53C80's DMA interface logic
and internal state machines provide
the necessary control of the REQ-ACK
handshake. Each type of transfer is
fully described in the following
sections.

Read Address 5 > TEMP

: Read DMA Status Reg to variable TEMP

handshake is accomplished by setting
bits in the Initiator or Target Com-
mand registers to assert SCSI control
lines, and polling the Current SCSI
Control and DMA Control registers
for the appropriate responses. Since
for this method the control is contain-
ed in firmware, the cycle times are
relatively slow. Itis most appropriate
for transferring small blocks of data
such as SCSI command blocks or
messages, where the overhead of

IF TEMP "AND" HEX (10) =0
THEN GO TO NEXT DEVICE

: IRQ not active, so L5380/L63C80
was not the source of this interrupt

TEMP "AND" HEX (AC) —» TEMP

: Mask off irrevelant bits

IF TEMP > HEX (7F) THEN : End of DMA Interrupt
GO TO EODMA
IF TEMP s HEX (1F) THEN : Parity Error Inferrupt
GO TO PARERR
IF TEMP > HEX (03) THEN : Loss of Busy Interrupt
GO TO BYSERR
IF TEMP = HEX (00) THEN : Phase Mismatch Interrupt
GO TO PHASERR
Read Addreés 4 - TEMP : Read Cumrent SCS| Control Reg

fo variable TEMP

TEMP "AND" HEX (06) - TEMP

: Mask off irrevelant bits

IF TEMP = HEX (06) THEN
GO TO RESEL

: Resslection Interrupt

IF TEMP = HEX (02) THEN
GO TO SEL :

: Selection Interrupt

IF TEMP = HEX (00) THEN
GO TO RESET

: SCSI Bus Reset Interrupt
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setting up a DMA controller could
be significant.

Pseudo DMA

An alternate method of programmed
I/0 allows the state machines of the
L5380/L53C80 to handle the SCSI
handshake, thereby improving per-
formance in systems which do not
employ a hardware DMA controller.
To implement Pseudo DMA, the
DMAMODE bit is set. The CPU polls
the DRQ bit in the DMA Control
Register to determine when a byte
should be written to or read from the
L.5380/L53C80. When reading or
writing, external logic must be used to
decode the L5380/L53C80 location
and produce DACK, since it is used
by the internal state machines. Also,
'CS must be suppressed since it may
not be asserted simultaneously with
DACK.

Normal DMA Mode

Normal DMA mode is obtained when
the DMAMODE bit is set but the
BLOCKMODE bit is reset. The DMA
process is started by writing to the
Start DMA Send, Start DMA Initiator
Receive, or Start DMA Target Receive
locations as appropriate. Once
started, the internal state machines of
the L5380/L53C80 manage the REQ -
ACK handshake protocol, as well as
the DRQ-DACK handshake with the
DMA controller.

The L5380/L53C80 will assert DRQ
whenever it is ready to transfer a byte
to or from the DMA controller, In re-
sponse to DRQ, the controller asserts
DACK and IOR to read the byte, or
DACK and IOW to write a byte to the
L5380/L53C80. For write operations,
the byte is latched at the rising edge of
the logical AND of DATK and IOW,
The transfer can be terminated by
asserting EOP during a read or write
operation, ot by resetting the
DMAMODE bit.
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Block DMA Mode

When the BLOCKMODE bit is set, the
DMA handshake is no longer depend-
ent on interlocked DRQ-DACK cycles.
Instead, the DMA controller may be
allowed to free-run, with data flow
throttled by inserting “wait-states” in
the DMA transfer to or from the
L5380/L53C80, Wait-states, which are
idle clock cycles inserted during the
1/0 read or write operation, are in-
serted by the DMA controller until the
READY output of the L5380/L53C80
goes true, allowing the bus cycle to
conclude.

The READY output will be deasserted
under the following conditions: For
send operations, READY will be false
whenever the Output Data Register
contains a byte which has not been
transferred over the SCSI bus. This
allows the DMA controller to access
RAM to fetch the next byte, but
postpones the end of the CPU bus
cycle until the previous byte has been
transferred, freeing the Qutput Data
Register to recelve it.

For receive operations, READY will be
false whenever the Input Data Regi-
ster is empty. This allows the DMA
controller to address the RAM for a
write operation, but postpones the
end of the CPU bus cycle until the
incoming byte s stored in the Input
Data Register and is available on the
CPU bus.

Note that when blockmode is em-
ployed, DACK may optionally remain
asserted throughout the DMA trans-
fer, since it is not used in an inter-
locked DMA handshake. (Its interlock
function is replaced by TOR or IOW.)
Also, DRQ will be asserted in the
normal way when operating in
blockmode. To gain the abovemen-
Honed performance benefits, it should
be used only to initiate the first byte
transfer, with READY used to throttle
succeeding transfers, This methodol-

B S55L5905 0001385 7 WA
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ckE D
ogy is compatible with DMA control-
lers such as the Intel 8237 and AMD

Am9516/9517, T‘Sa ..33_ ;2")

In summary, blockmode operation
offers the potential for improved
transfer rates by overlapping the
DMA memory access with the SCSI
transfer. This is of particular value
when used with DMA controllers
capable of “flyby” operation, where
the data is transferred directly from
memory to the peripheral, and does
not pass through the DMA controller
itself. This transfer rate gainis
achieved at the expense of locking up
the CPU bus for a time equal to the
SCSI transit time of the entire block.
This may be strongly preferable in
some systems where net disk access
time is a crucial performance factor.
Also, the time required to arbitrate for
the CPU bus on a byte-by-byte basis
may well be longer than the cycles
wasted waiting for SCSI transfers to
take place, espedally with fast periph-
erals which operate from a high speed
sector buffer, '

Terminating DMA Transfers

DMA transfers, either normal or
blockmode, may be terminated in a
number of ways. The following sec-
tions describe these methods, along
with providing information about
correct sequencing of various signals
to effect a clean exit from a DMA
process,

EOP Signal

The EOP signal is usually generated
by a DMA controller to indicate that
its transfer counter has decremented
to zera. In order to be recognized by
the L53807/1.53C80, it should be as-
serted simultaneously with the DACK
and TOR or TOW signals correspond-
ing to the last byte in the transfer.
Note that in the case of send opera-
tions, asserting EOP indicates to the
L5380/L53C80 that SCSI transfers
should cease after transmission of the

—
DEVICES INCORPORATED

6-15

Peripheral Products

LOS.5380-A



B 5565905 0001346 1 EN

CMOS SCSI Bus Controller L5380/L53C80
| LOGIC DEVICES INC 2kE D T-53-33-a7
byte loaded while EOP is asserted. In  retrieve the last byte in the normal and SEL inactive for at leasta bus

order to determine when this last byte
has actually been sent, the LAST BYTE
SENT flag in the Target Command
Register may be examined. This flag
is not present in the NCR implementa-
Hon of the 5380, but is available in the
53C80, a non-pin-compatible variant,
The EOP input does not reset the
DMAMODE bit, but after transmis-
sion of the last byte causes the internal
state machine to return to anidle
condition, so that no further SCSI
handshaking will occur until another
transmission is explicitly initiated.
Note that the NCR version of the 5380,
upon receiving an EOP, will stop
asserting DRQ, but will continue to
issue ACK in response to additional
REQ inputs, potentially causing data
loss if the target iniates another data
transmission without an intervening
phase change. The L.5380/1.53C80
prevents this spurious DMA hand-
shake from occurring,

DMAMode Bit

Resetting the DMAMODE bit in the
Mode Register causes a hard reset of
the internal DMA state machines, and
thus an effective terminationofa
DMA transfer. Since unlike the EOP
case the state machine is not allowed
to exit gracefully, care must be taken
in the iming of DMAMODE reset.

For receive operations, the
DMAMODE bit should be reset after
the last DRQ is received, but prior to
asserting DACK to prevent an addi-
tional REQ or ACK from occurring,
For normal DMA mode, resetting this
bit will cause DRQ to go inactive.
However the last byte recelved
remains in the SCSI Input Data
Register and may be read either by the
normal DACK and TOR DMA read or
using a CPU read of Address 6. For
blockmode DMA, READY will remain
asserted when DMAMODE is reset,
allowing the DMA controller to

-
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fashion. The NCR version of the 5380
fails to keep ready asserted when
DMAMODE is reset, potentially
causing deadlock on the CPU bus.

Bus Phase Mismatch

When operating in DMAMODE as an
initiator, a bus phase mismatch can be
used to terminate a data transfer. If
the C/D, T/0, and MSC lines fail to
match the corresponding bits in the
Target Command Register, it will
prevent recognition of REQ, and will
disable the SCSI data and parity
output drivers. Also, when REQ
becomes active, an interrupt will be
generated. Because REQ is not

reco, , the effect is to stop the
DMA transfer, although the state
machine does not return to idle until
cither DMAMODE is reset or a valid
EOP is recelved.

One caution should be observed when
using phase changes to end DMA
transfers: While this method obviates
the need for the initiator to keep a
transfer counter, it depends on the
target causing a phase change be-
tween any two consecutive informa-
ton transfer phases, Since this is not
required by the protocol, it must be
guaranteed by the target software.
Otherwise the target may begin a new
information transfer without the ini-
tator recognizing the boundary
between the two.

ARBITRATION

The L5380/1.53C80 contains on-chip
hardware to assist in arbitrating for
the SCSI bus, This arbitration logic
cooperates with the host firmware to
effect SCSI arbitration, as described in.
the following paragraphs:

The SCS] arbitration timeline begins
with detection of a bus free condition
at time t0. Bus free is defined as BSY

settle delay (400 ns). Following the
bus settle delay, the SCSI device must
wait an additional bus free delay of
800 1is, for a total of 1200 ns after to,
prior to driving any signal. Thusa
minimum of 1200 ns must elapse from
initial deassertion of BSY to the begin-
ning of an arbitration attempt. A final
constraint is that arbitration may not
begin if more than a bus set delay
(1800 ns) has elapsed since BSY
became active (arbitration began),
corresponding to 2200 ns after t0.

The CPU indicates a desire to arbitrate
by setting the ARBITRATE bit (R2

bit 0.) When ARBITRATE is set, the
L5380/L53C80 will monitor the state
of BSY and SEL to detect a bus free
condition, The actual implementation
uses an internal delay line to provide
a time reference for detection of a bus
free condition. This delay is nomi-
nally 800 ns during which BSY and
SEL must be inactive. This time
represents the center of the window
between the Bus Settle Delay (400 ns)
and the Bus Free Delay (400 + 800 =
1200 ns). When Bus Free is detected,
the L5380/L53C80 waits for an
additional time of nominally 900 ns
(1700 ns nominal since t0) and asserts
BSY and the contents of the Output
Data Register. This time represents
the center of the 1200 ns~2200 ns
window between the earliest and
latest legal arbitraton attempt. Since
the actual delays are process and tem-
perature dependent, they will vary in
practice, but will always remain well
within the specified limits.

Ongce arbitration has begun (BSY and
the Output Data Register asserted,)
the ARBITRATION IN PROGRESS bit
(R1 bit 6) will be set, allowing the CPU
to detect the fact that arbjtration has
begun, The CPU should then wait
one arbitration delay (2.2 us) before
reading the bus to determine whether
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arbitration has been won or lost, The
LOST ARBITRATION bit (R2 bit7)
will be active if the 1.56380/L.53C80 has
detected SEL active on the SCSI bus,
indicating that another SCSI device
has declared itself the winner of the
arbitration. SEL active also disables
the SCSI output drivers, allowing the
winning arbitrator to proceed with its
transfer.

BUG FIXES/ENHANCMENTS

The NCR5380 and the Am5380 have
some architectural bugs, both pub-
lished and unpublished. The Logic
Devices L5380/L53C80 was designed
to eliminate these bugs while main-
talning pin and architectural compati-
bility, A list of these errors along with
solutions implemented in the L5380/
L53C80 s itemized below.

1, When executing blockmode DMA
send operations, the READY signal is
intended to insert memory wait states
as a mechanism to throttle data
transfer, with the DMA controller ina
free-running loop. The NCR/Am5380
erroneously allows the contents of the
Output Data Register to be overwrit-
ten by subsequent bytes prior to
acknowledgment of the current byte
by the SCSI receiver, This causes loss
of data when operating in blockmode
if the sender's DMA cycle is faster
than the receiver's,

2. Assertion of EOP during
blockmode DMA transfers fails to
cause assertion of READY in the
NCR/AmS5380. This may prevent the
CPU from becoming bus master and
can result in lockup of the CPU bus in
a not-ready state., In block DMA send

CMOS SCSI Bus Controller ™ 5565905 0001387 3 =

LOGIC DEVICES INC
mode when EOP is received, the
L.5380/L53C80 reasserts READY
immediately after transmitting the
final byte. For receive mode, READY
is asserted immediately.

3, When a valid EOP is detected, the
NCR/AmS5380 prevents assertion of
additional DRQ's, but continues to
respond to SCSI handshakes. This
means that additional data transmit-
ted without phase change may be lost.
The L5380/1L53C80, like the NCR/
Am5380 remains in DMAMODE after
an EOP. However, the internal state
machine returns to an idle condition
and does not respond to additional
SCST handshake attenpts until another
data transfer is explicitly initiated.

4. When operating as an initiator in
DMAMODE, the NCR/Am5380
leaves ACK asserted after receipt of a
valid EOP, requiring the CPU to
deassertit. When a valid EOPis
detected, the L5380/L53C80 deasserts
ACK properly.

5. If the NCR/Am5380 is not termi-
nated on the SCSI side, the floating
RST pin will cause spurious inter-
rupts. The L5380/L53C80 contains
internal high value pullups to set
unterminated SCSI pins to the inactive
state,

6. During DMA send operations,
when a valid EOP signal is received
by the NCR/Am5380, no convenient
indication exists to indicate that the
last byte of data (loaded simultane~
ously with EOP) has in fact been
successfully transmitted. The L5380/
L53C80 provides LAST BYTE status
bit mapped to bit 7 of the Target
Command Register. This bit will be

L5380/L53C80
2E D
set after a valid EOP has occurred,
and the final byte has been transmit-

-~ ted successfully, -F.sa.‘a 3 _,9(7

7. During the reselection phase, the
NCR/AMS5380 may reset the reselec-
tion interrupt if the contents of the
Target Command Register do not
match the current SCSI bus phase,
The L5380/1.53C80 does not spuri-
ously reset this interrupt.

8. In the NCR/Am5380, the phase
mismatch interrupt is captured in an
edge triggered fashion on the active
edge of REQ. During reselection, this
interrupt might not be generated even
though a phase change has occurred.
The reason for this is as follows:

¢ The iniiator DMAMODE bit must
be set in order to receive a phase-
match interrupt.

* However, the DMAMODE bit
cannot be set unless BSY is active.

¢ BSY will be driven active by the
target only after the relesection
has occurred.

# Once BSY has been asserted by
the target, it may then assert REQ
before the initiator has set the
DMAMODE bit, and the initiator
will then fail to generate an
interrupt,

The L5380/L53C80 interrupt latch will
be set if a phase mismatch condition
exists when the later of REQ or
DMAMODE become active. In this
way, the mismatch will always be
detected, even if the target asserts
request before the initiator sets
DMAMODE.
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AA
Yvy

T-53-33-37-

L.5380/L53C80
2LE D —

t ¥ y
{OR [OW RESET [OR [OW BESET IRQ
DREQX |« DRQ
8237 A
DMA DACKx » DAGR
CONTROLLER
READY |« READY L5380/
_ — L53C80
EOP |«—»-¢p—»| EOP
L oLk scsl
' CONTROLLER
< AEN
ADSTB A7-4 Ao DB7-o D7-0 Az-o CS
R R A A

SYSTEM DATA BUS

U

__ s-.giT S8
OE LATCH

A15-0

ADDRESS BUS Ais-o

Commercial )
Symbol Parameter Min Max Min Max
T BSY False Duration to Detect Bus Free Condition Od4ps |1dps | 0dps | 1.1ps
T2 | SCSI Bus Clear (High Z) from BSY False : 14ps - 1.4 ps
T3 | Arbltrate (BSY and SCSI ID Asserted)
from BSY False (Bus Free Detected) 7 12pus |22ps | 08us | 24pus
T4 SCS! Bus Clear (High Z) from SEL True (Lost Arbitration) 60 60

L T ]
BSY A N,
T8 -
SEL - T2 “iL
E——-g;;" 27772077777 777777 DRIVE SCSI ID
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L5380/L.53C80

T-53-33-3"

Commerclal _ Military
2 Mbytes/sec 4 /Nbytes/sec 2 Mbytes/sec

Symbol Parameter 7 7 Min Max Min Max Mn | Max

T1 | Address Setup to Write Enable 10 5 10

T2 | Address Hold from End of Write Enable 0 0 0

T3 | Width of Write Enable 40 20 40

T4 Data Setup ta End of Write Enable ' 20 5 7 20 |

T5 | Data Hold from End of Write Enable 10 5 10

Commerclal Military
2 Mbytes/sec 4 /Mbytes/sec 2 Mbytes/sec
Symhol Parameter Min Max Min Max Min Max
Tt Address Setup to Read Enable 10 [ 10
T2 Address Hold from End of Read Enable 0 7 0 0
T3 | Data Access Time from Read Enable §0 20 | 50

A2-Aa ///////’//%
T{ =]

j(/////////////
fe— T2 — 7 o 7 o

05 AN A
OR » /
. T3 .
D7-Do ;77777777777777/:/:532 RS
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L5380/L53C80

T-52-33a"

Miitary
4 /Mbytes/sec 2 Mbytes/sec
Symbol Parameter Mn | Mex Min | Mex
The following apply for all DMA Modes

T1 DRQ False from Write Enable

(concurrance of IOW and DACK) 60 30 60
T2 Width of Write Enable

(concurrence of IOW and DACK) 60 20 60
T4 | Data Setup to End of Write Enable 20 | s ' 20
T8 Data Hold from End of Writo Enable 16 5 18
T6é | Concurrent Width of EOP, IOW, and DACK 50 | 20 50 7
T9 | REQ False to ACK False ] 20 45 90
T13 | End of Write Enable to Valld SCS! Data 65 45 65
T14 | SCSI Data Setup Time to ACK True 60 65 60

"~ The following apply for Normal DMA Mode only 7
T7 | REQ False to DRQ True 60 30 - 60
‘T8 | DACK False to ACK True (REQ True) 140 | 140 140
T10 | REQ True to ACK True (DACK False) , | 70 35 , 70
The following apply for BLOCKMODE DMA only

T3 | IOW Recovery Time 40 20 40
T8 | IOW False to ACK True (REQ True) 140 140 140
T10 | REQ True to ACK True (IOW False) 70 ' 35 » 70
T11 | REQ False to READY True 60 30 60
T12 | IOW False to Ready False 70 | 35 70

DACK ' ' \':

n

——m A -
T
ow ] \ I‘_ : b = e
T4 - 5 |
or-o0 27777 77T 7T 77 IR e N 7T T T T T 777
D7-DO BYTE N (BLOCKMODE) X777 77777722227
- TS——( .
T7 -T8
REG _____ A Lm

— -——T9
ACK , 4r

.

| SV
Ti1 jae——T12
READY
] T13 } T4
§DH7-0 e , )k —
o8P BYTE N-1 gYTE N
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CMOS SCSI Bus Controller

T5a-3

L5380/L53C80

Commercial
2 Mbytes/sec 4 /Mbytes/sec
Symbol Parameter Mn | Max Mn | Max

] The following apply for all DMA Modes
T DRQ False from Concurrence of TOR and DACK 60 30 60
T3 | Data Access Time from Concurrence of ' ,

IOR and DACK 60 20 , 60
T4 | Concurrent Width of EOP, IOR, and DACK 50 20 50
T7 | REQ True to ACK True 70 35 70
T12 | SCSi Data Setup Time to REQ True 20 5 20
T13 | SCSI Data Hold Time from REQ True , 15 5 15

. The following apply for Normal DMA Mode only
T5 | REQ True to DRQ True 7 v ' 60 30 60
T6 | DACK False to ACK False (REQ False) 90 45 80"
T8 | REQ False to ACK False (DACK False) 80 | 45 80
The following apply for BLOCKMODE DMA only

T2 _ | IOR Recovery Time 40 , 20 ' 40
T6 | TOR Falss to ACK False (REQ False) 20 | 45 20
T8 | REQ False to ACK False (IOR False) 80 45 80
To | AEQ True to READY True , | 60 30 60
T10 | READY True to CPU Data Valid ) 15 16 15
T11 | TOR False to Ready False 70 35 70

ACK
READY

ShB7-0
SDBP

bt T3 ]

BYTE N
227777777777 X BYTEN (BLOGKNODE) -
, R T4 ,
i ' T6
N _ .
-———T7 #I( T8 =
, Az
- T8 T10 =i ] Ti1
—
(S
T12 —~ie-T13 ,
BYTE N -}4////////////////////////////////7
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CMOS SCSI Bus Controller L5380/L53C80
Commercial Military
2 Mbytes/sec 4 /Mbytes/sec 2 Mbytes/sec
Symbol Parameter Mn | Max Mn | Max Mn | Mex
The following apply for all DMA Modes
T1 | DRQ False from Write Enable '
{concurrence of IOW and DACK) ) 60 30 60
T2 | Width of Write Enable '
(concurrence of IOW and DACK) 60 20 60
T4 Data Setup to End of Write Enable 20 5 20
T6 | Data Hold from End of Write Enable 15 - 5 15
T6é | Concument Width of EOP, IOW, and DACK 50 ] 20 50 | .
T9 | ACK True to REQ False 90 45 90
T13 | End of Write Enable to Valld SCSI Data 60 45 60
Ti4 | SCSI Data Setup Time to REQ True 60 ' 65 | 60 |
The following apply for Normal DMA Mcde only ) -
T7 | ACK True to DRQ True ) 30 60
T8 | DACK False to REQ True (ACK False) 130 130 140
T10 | ACK False to REQ True (DACK False) 70 35 70
~ The following apply for BLOCKMODE DMA only
T3 | IOW Recovery Time 40 ' 20 40
Te | TOW False to REQ True (ACK False) 130 130 140
T10 | ACK False to REQ True (IOW False) , 70 35 70
T11 | ACK True to READY True ' 60 30 60
T12 | TOW False to Ready False 70 35 70

D7-Do __BYTE N (3LOCKMODE] X7 77777777272
— r; Te 3‘ 7
. i T8 :
FEQ p
RO N 7 *

apapy :—_-;I ——T12 ——.\L

— T13 t Ti4
%—o BYTE N-1__ * BYTE N
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CMOS SCSI Bus Controller 7 L5380/L53C80
' T-52-33.

Commerclal Milltary
2 Mbytes/sec 4 /Mbytes/sec 2 Mbytes/sec
Symbol Parameter Min | Mex Min | Mex Mn | Mex
7 The following apply for all DMA Modes
Tt | DRQ False from Concurrence of IOR and DACK 60 30 60
T3 | Data Access Time from Concurrence of '
IOR and DACK 7 | e0 | 20 60
T4 | Concurrent Width of EOP, IOR, and DACK 50 20 50
T7 | ACK True to REQ False 70 35 70
T12 | SCSI Data Setup Time to ACK True 20 5 20
Ti3 | SCSI Data Hold Time from ACK True 15 5 15
The following apply far Normal DMA Mode only '
T5 | ACK True to DRQ True ' 60 30 60
T6 | DACK False to REQ True (ACK False) 90 45 90
T8 | ACK False to REQ True (DACK False) 80 45 80
The following apply for BLOCKMODE DMA only
T2 | TORRecovery Time 40 20 40 ﬂ
T6 | TOR False to REQ True (ACK False) 90 | 45 90
T8 | ACK False to REQ True (TOR False) 80 45 80
T9 | ACK True to READY True 60 30 60
T10 | READY True to GPU Data Valid B 15 | 15 15
T11 | IOR False to Ready False , 70 35 70

s T3 i,

D7-Do - BYTEN

b S S S S K BYTE N (BLOCKMODE) )

Eop = T :
| S o
fe— 75 —s] - T8 -
REQ 7 —\
——— ja——T7 | T8 .
R % #
le—-T9 T10—» TH ]
READY F == ,_'
T12 —»f«—T13 -

SDB7-0 K Bvien *x'z/////////////////////////////////
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CMOS SCSI Bus Controller
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L5380/L.53C80

T-52-33-39

Storage temperature —65°C to +150°C
Vce supply voltage with respect to ground -05Vto+70V
Qutput voltage 0.0 to Vce
Input voltage 00to 55V
lot. Low Level Output Current (SCSI Bus) 48 mA
loL Low Level Output Current (other pins) 8mA
loH High Level Output Current (other pins) -4 mA

Mode Temperature Range (Amblent)' Supply Voltage
Active Operation, Commercial 0°C t0 +70°C 475V<Vcc <5.25V
Active Operation, Military —55°C to +125°C 450V<sVcc <550V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VL Low Level Input Voitage 00 08| V
ViH High Level Input Voltage 20 vee \
voL Low Level Qutput Voltage

(SCS! bus) Vce = Min, loL = 48 mA 05| V
VoL Low Level Qutput Voltage
(other pins) vce = Min, loL = 8 mA 05| V
VOH | High Level Output Voltage
7 (other pins) Ve =Min, loH=~-4mA 35 '
N Input Current* Veo = Max, ViN = 0 — Ve (SCSH bus) 65 | pA
KN Input Current* Vce = Max, ViN = 0 - Vee (other pins) 20 | pA
lcc | Supply Curent VCC = Max, ViH = 2.4, ' '
ViL= 0.4, 4 MHz cycle,
No Load, No Termination 10 20 | mA
fco Supply Current
Quiescent As above, Inputs stable 10| mA

* Not tasted at low temperature extreme.
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CMOS SCSI Bus Controller L5380

40-pin Do Ot 4off os 44-pin
S0B7 (2 39[] D2
SDBs []3 381 D3
§0Bs (4 a7l o4
SDB4 []5 36[] bs
SDBs [|s 35{] Ds
§D0B2 []7 34{1 o7
SDB1 []s 33{1 A2
§DBo []o a2{] Ar
§DBP {]10 31[] vee
GND [} 11 0[] Ae
SEL (12 29[] oW
85Y []13 28 [] AESET
ACK []14 27|} EOP
ATN []15 26 |1 DACK
AST {16 25 [1 READY
o [j17 24[] OR
CID [J18 23[]1 IrRa
MSG [J19 221] DRQ
REQ [J20 211 €8

Sidebraze Plastic J-Lead Ceramic Leadless
Hermetic DIP (D3) Chip Carrier (J1) Chip Carrier (K2

" " Kec2

2 L5380DM2 L5380KM2

L HE3 COUPLIA
2 L5380DMB2 L5380KMB2

- aatn. oy
v — v
[Tt
1
=1
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CMOS SCSI Bus Controller

2bE D
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L53C80

4 L53Cs0PC4
2 L] L] Pcz

Sidebreze
Hermetlc DIP (D5)

L53CsoDC4
L] L] Dcz

L53Cs0DM2

L53C80DME2

L53Ce0DMB2

Plastic J-Lead
Chip Carrler (J1)

* v Jez

Ceramic Léadless '
Chip Carrier (K2)

L53C80KC4
" * KC2

L53C80KM2

L53Ce0KME2

L53C80KMB2

a1
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