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Date: June 19, 1984 GCOI PHYSICAL INTERFACE

Ta: John B. Lohmeyer, X3IT9.2 Chair ’
NCR Corporatiaon

Wichita, Kansas The physical interface provides a communication path between

multiple (up to B) 5CS! devices together with the protocol
necessary for physical path  control, information transfers,
and resets. :

From: Gary R. Stephens
IBM Corporation
Tucson, Arizona

Subject: SCSI Interface Redefined Similar to IFI Level 1

PHYSICAL LINK PROTODCOL
Enclosed please find on the diskette containing revised text

for the Tape Mode! another file containing text for the SCSI

physical link definition in the style of IPI Level 2. This This section provides signal, state and sequence
completes one of my putstanding work items. The diskette is definitions. The terms Qut or Dutput indicate data moving
formatted for an 1BM PC, DOS, Release 2.0, in a double sided from an initiator to a target. The terms In or Input
format.

indicate data moving from a target to an ipitiator.
Relative signal timing and tolerance are defined in SCSI,
Section 4. (Definition and use of delay times is defined in
SCSI, Section 5.)

The file of interest is SCSIINTF.SCT.

Attached is a print of the file for inclusion in the next

mailing after you assign an appropriate number. The purpose of the physical protocol is to exchange

information between connected SCSI1 devices.

CONVENTIDNS
Gary R. Stephens

The following conventions are followed relative to the use
of the DATA BUS.

LTW 1. MHMessages sent between an initiator and a target are for
Lrw the purpose of path control.

. 2. Commands sent by an initiator are associated with

operations of the logical interface. Status sent by a

- target is associated with reports of interface

conditions to the 1logical interface and for reporting
logical command execution results.

3 Information transfer refers to the transfer of commands,
messages, and data which are transferred transparently
by the physical interface.

4. In the figures that follow an "#" listed for a data byte
{unless redefined in a figure) indicates that the DATA
BUS is undefined and not necessarily released. The
contents are unpredictable. Parity may not be valid and
is not to be checked by the receiver of the DATA BUS.

S. If the DATA BUS is marked as released then the contents
appear to be zero with incorrect parity and is not to be
checked by the receiver of the DATA BUS.

4. The 5CS5I ID is a single bit on the DATA BUS whose
position corresponds to the unigue SCSI address for the
SCST device (DE(7)-DB{(0)). All of the 7 other bits are
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released by the device. Parity is not checked during
the ARBITRATION phase and may not be valid. During the
SELECTION and RESELECTION phases, parity is valid when
the SCSI ID(s) are placed on the DATA BUS and checked by
the receiver.

STATES

The defined states of the interface are not unique values
and require some prior state history for interpretation. If
such history is required it will be defined in 1he
particular state description section. The states of the
interface are defined by the condition of the following
signals:

BUSY
SELECT
ACK
REQ
RESET
1/0
MS6
/D
The RESET signal is not interlocked to any other signal at
any time. The signals, 1/0, M&BE, and C/D are fiied during
information transfer but are not 1nterloclked while in the
BUSY (or XFRRDY) state 1n preparation for entering an
information Lransfer phase or going o the BUS FREE phase.
The slates are tabulated in Figure —- on page <-—page=ves.
and Figure —-— on page --—-pagesyes,. The condition of the
signals and the DATA BUS during state transitions are
summar i = el in Figure —— on page -———page=yes. and
Figure —- on page —-—-—pagesyes..

BUS FREE

The BUS FREE =tate is the name given to indicate that no
SCS1  device is actively using the SCSI bus. (See SBCSI,
Section S.1.1.) This is the only state defined in the BUS
FREE phase.

ARBSTART

The ARBSTART state is the name given to indicate the start
of the ARBITRATION phase. Each 8CSI device needing to
obtain control of the SCS1 bus does the follaowing:

L 4 Wait for the BUS FREE phase to boccur.

° Assert the BSY signal and place its SCSI ID (a bit) on

e mammE AL TRITEREADE

tHe DATA BUS.

° Parity (DB{(FP)) may not be valid at this time and is not
asserted by any SCSI device during the ARBITRATION
phase.

L Examine the DATA BUS to determine if any higher priority
SCSI ID bit is asserted.

- 1§ at least one higher priority SCSI ID bit is
asserted the S5C31 device has lost arbitration. The
SCSI device releases BSY and its SCSI ID bit signals
to return tp the'logical BUS FREE phase for this
device. The deviece may attempt arbitration again
after the BUS FREE phase has been detected.

NOTE: The physical SCSI bus will not indicate the
BUS FREE phase at this time since the SCSI device
that won arbitration continues to assert BSY.

s I1f thare are no higher priority SCSI 1D bits
asserted on the DATA BUS, the device has won
arbitration and may assert SEL to go to the
ARBWINNER state.

It is not an error for the S5C81 device that won arbitration
to go to the BUS FREE phase by releasing BSY and its SCSI ID
bit from the DATA BUS since the SELECTION phase is not
entered until the SCSI device that won arbitration releases
BSY with SEL asserted. (See SCSI, Section S.1.2.)

ARBWINNER

The SCS1 device that won arbitration asserts SEL to go to
the ARBWINNER state. Other arbitrating SC3SI devices must
release BSY and their SCSI IDs From the bus within a
specified delay after SEL is asserted. The SCSI device may
change the DATA BUS after a specified delay. This state is
part of the ARBITRATION phase.

Both BSY and SEL are asserted at this time. The device
prepares to perform the ‘SELECTION phase or the RESELECTIDN
phase at this state. Alternatively, the SCSI device may
release BSY, SEL, and its SCSI ID from the DATA BUS to go to
the BUS FREE state. {(See SCSI, Section S5.1.2.)

BELECT

The SELECT state is the first state of the SELECTION phase.
The SCSI device ensures this interpretation by negating 1/0
{I/0, when asserted, identifies the RESELECTION phase).
There are two ways to enter this state: !
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1. This state may be entered directly from BUS FREE in RESELECT

nan—arbitrating systems. Initiators are not permitted
to use this implementation. Target devicesa (usually I/0 .
devices) must implement detection of this form of The RESELECT state 1s the first state of the RESELLECTION
selection to permit attachment to older implementations. phase. The SCS1 device ensures this interpretation by
asserting 1/0. There is only one way to enter this state.
2. The SELECT state may also be entered fram the The RESELECT state is entered #rom the ARBITRATION phase
ARBITRATION phase from the ARBWINNER state. from the AREBWINNER state. ThP RESELECT state identifies the

SCSI device that won arbitration as a target.
The SELECT state identifies the SCS1 device that won

arbitration as an initiator. The BSCSI device that won arhitration has both BSY and SEL
asserted. The SBCSI device asserts I/0 to become a target,

In nan-arbitrating systems the initiator places the target places the target SCSI ID and its own SCSI ID on the DATA

SCSI ID on the DATA BUS plus, optionally, its own SCSI ID BUS with good parity. The target then releases BSY to enter

with correct parity and asserts SEL to enter the SELECT the RESELECT state.

state. Initiators are not permitted to use the single SCSI

ID option. Targets must recognize and respond correctly to I+ the initiator does not respond by asserting BSY, the

this implementation to permit attachment to older target will time out, release BEL and 1/0 and go to the BUS

implementations. FREE phase. If the initiator responds within the
RESELECTION time-out period, go to the RESELACK state. (See

In arbitrating systems, the SCSI device that won arbitration SC5i, Bections 5.1.3.1-5.1.3.4.)

has both BSY and SEL asserted. The SCSI device releases I1/0
to become an initiator, places the target SCSI ID and,
optionally, its own SCSI ID on the DATA BUS with good

parity. The SCSI device then releases BSY. Targets must RESELACK

recognize and respond correctly to this implementation to

permit attachment to older implementations. If the

selecting initiator does not set its SCSI ID on the data bus From RESELECT, an initiator determines that it has been

then disconnection/reselection by the target is prohibited. reselected when SEL and 1/0 are asserted, DATA BUS parity is

The device must implement control mechanisms at the selected valid, its SCSI ID is asserted, exactly two SCSI  IDs are

points where disconnection is implemented to bypass asserted, and BSY is false. The SCSI ID of the reselecting

disconnection if the initiator has indicated the single target can be identified by esamining the DATA EUS for one

initiator option during selection. other SC51 ID to be asserted. I+ the conditions are not
met, the initiator does not assert BSY and the SCSI bus does

If the target does not respond by asserting BSY, the not enter the RESELACK state; the target will time out from

initiator will time out, release SEL and go to the BUS FREE the RESELECT state and go to BUS FREE. When the conditions

phase. If the target responds within the time-out period, are met, the initiator asserts BSY to go to the RESELACK

M ge to the SELACK state. (See 8CS1, Sections state.

R b G O T O O O

The target detects BSY and therefore the RESELACK state. It
then asserts BSY also to permit transfer of control of the
BSY signal to the target during the Selected condition.

BELACK After a specified time, the target releases SEL to go to the
BUSY state. The RESELACK state is part of the RESELECTION
phase. (See SCSI, Section S.1.4.1.)

Once the initiator enters SELECT, the target detemines that

it is selected by recognizing SEL true, DATA BUS parity is

valid, its SCSI ID is true on the DATA BUS, BSY and 1/0 are

released, and that no more than 2 SCSI IDs are asserted. BUSY

When these conditions are met, the target device asserts

B8Y, within the SELECTION time-out period, to enter the

SELACK state. The SELACK state is part aof the SELECTION . The BUSY state is a common state of the both the SELECTION

phase. (See SCSI, Section S5.1.3.3,) . and RESELECTION phases and defines the Selected state of a
target with a specific initiator and the non-idle state of
the SCSI bus. Signals SEL, ACK, and REQ are released.

BUSY is entered from three states:

1. From the SELACK state, the initiator recognizes BSY and



releases SEL to go to the BUSY state.

2. From RESELACK, the target has detected BSY from the
initiator and asserted BSY in response. After a
specified delay, the target releases SEL to go to the
BUSY state. When SEL is detected as false at the
initiator, the initiator releases BSY to complete the
transfer of control of the BSY signal to the target.

3. From the pseudo-state XFRRDY in preparation to go to BUS
FREE phase. The XFRRDY state is an alias for the BUSY
state.

The physical path from the initiator to the target has been
established. The path to a logical wunit may not have been
establ i shed. The target then uses various information
transfer phases to perfrom the logical function of the SCSI
bus between the target and its initiator. The target may
perform any amount of information transfer phases returing
each time to the BUSY state. When the work is complete or,
in the case of disconnection, at a pause point, the target
releases BSY, 1/0, MSG, and C/D to go to the BUS FREE phase.
Boing to the BUS FREE phase does not indicate that the
logical operation is complete. Completion or disconnection
information is transmitted through information transfer
phases to the logical level immediately prior to going to
the BUS FREE phase.

XFRRDY

XFRRDY is not a true state. The XFRRDY state is an alias
for the BUSY state. XFRRDY is a set of sin pseudo-states
used to define the combination of values of the 1/0, MSG and
C/D signals just prior to entering an information transfer
phase. There are six wvalid combinations of the eight
possible combinations which define a specific type of
information transfer phase to follow.

U

o0 I1/0 MS5G C/D CODE Information Transfer Phase
Q Y] 4] Do DATA OUT
Q O 1 CD COMHMAND  (Dut)
o] 1 4] B Reserved
] 1 1 MO MESSAGE OUT
1 o] 4] DI DATA IN
1 4] 3 ST STATUS (In)
1 1 [ == Reserved
1 1 1 MI MESSAGE IN

One of the valid phases must be selected and the
corresponding signal values asserted or released and then
fined at that wvalue for the length of the desired
information transfer phase. The wvalue of these three
signals is not to be interpreted and acted upaon wuntil the
target goes to the XFRST state to begin the information

CEST CLVETOAL TMTCREACE .

transferJ The DATA BUS is not valid in these pseudo-states.
These values must be established prior to asserting REQD to
go to the XFRST-ux state for the first byte and not changed
until after ACK is released to return to the XFRRDY-xu»: state
after the last byte of the selected information transfer
phase has been transferred.

XFRBT '

Like XFRRDY, the XFRST state is a set of six pseudo-states,
one for each type of information transfer defined for the
SES5I bus. The XFRST-xxn state, caused by asserting REO,
initiates the transfer of a byte of information to or from
the initiator.

Since the values of I/0, MSG, and C/D are not permitted to
change once RER is asserted from the XFRRDY-xw state to
enter one XFRST-ux state, the specific infarmation transfer
phase entered can be ignored for discussions related to the
actual mechanics of transferring data on the DATA BUS except
the state of the 1/0 signal which defines the direction of
data movement.

The content of the DATA BUS is defined as follows:

L If 1/0 is one, indicating Input of data to the
initiator, the target must place data with valid parity
(if enabled) on the DATA BUS prior to asserting REQ to
enter the XFR8T state.

e If 1/0 is zero, indicating Output of data to the target,
the DATA BUS content is not wvalid.

XFRACK

Like XFRST, the XFRACK state is a set of Bix peeudo-states,
one for each type of information transfer defined for the
SCSI bus. The XFRACK-xx states are an acknowl edgement from
the initiator to the target that the information transfer
phase is continuing.

The content of the DATA BUS is defined as follows:

L4 If 1I/0 is one, indicating Input of data to the
initiator, wvalid data is on the DATA BUS when the
initiator asserts ACK to enter the XFRACK state. Prior
to asserting ACK, the initiator checks the DATA BUS for
valid parity and captures the data byte from the DATA
BUS. If parity is bad, the initiator asserts ATN to
flag the error and to reguest an appropriate message be
sent to the target. The phase is then caompleted. The
intent of raising ATN is to interrupt the information
transfer to inform the target of the error. The target

SCST PHYSIrAl INTFEFACE g
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responds to the ATN at a device determined time which
may not be at the end of the current phase. Since ATN
is not valid in a BUS FREE or an ARBITRATION phase, the
target must process the message prior to going to the
BUS FREE phase.

It is a catastrophic error for a target to go to BUS
FREE and not handle . messages assoclated with the ATN
signal from the initiator.

The initiator should not consider the DATA BUS wvalid
ance it asserts ACK. When ACK is detected as true at
the target, the DATA BUS content may be changed.

® I+ 1/0 is zero, indicating Output of data to the target,
the DATA BUS content is valid since the must initiator
place data with valid parity (if enabled) on the DATA
BUS before asserting ACK. When ACHK becomes true at the
target, the target checks for valid parity and captures
the data byte.

If the target detects a parity error, it enters an error
recovery procedure that involves the initiator data
pointers to cause the data to be retransmitted from the
last checkpoint with the initiator. (See SAVE DATA
POINTER message and RESTORE DATA POINTER message in
SCSI, Section 5.5.2.)

XFREND

Like XFRACK, the XFREND state is a set of six pseudo-states,
one for each type of information transfer defined for the
SCSI bus. The target releases REQ to indicate to the
initiator that the data byte has been transferred. The
XFREND-3:: states are an acknowledgement from the target to
the initiator that the information transfer phase 1is
continuing, and for Output, that the data has been captured
by the target.

The initiator releases ACK in response to the target
releasing REQ to return to the XFRRDY state. The initiator
may change the DATA BUS when REO is detected as false at the
initiator.

The centent of the DATA BUS is defined as follows:

° 1If 1/0 is one, indicating Input of data to the
initiator, the data is not to be considered valid.

° I+ 1/0 is zero, indicating Output of data to the target,
the DATA BUS content is not considered valid.
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ECB] PUS STOATE DEFINITIONS

)

{
The SCSI bus states are tabulated in Figure -—— on page
———page=yes. and Flgure -- on  page -——-page=yes.. The
hexadecimal encoding of the signals provides a shorthand
method of referring to a specific bus state. States marked
in the “DEFINITION" column with an "#" are invalid states
which may enist only under catastrophic failure conditions.
The RST signal when asserted during one of these failure
states is an attempt to clear the interface and therefore
defines a transitory state’ which may not be cleared as
expected. Multiple mnemonic names for a state indicate
aliases assigned to the same signal pattern that have a
different state path history.

SCBI BUD USABE

The condition of the signals and the DATA BUS during state
transitions are summarized in Figure -—- on page
~——page=yes. and Figure -- on  page -——-—-page=yes.. Each
state and state transition is numbered for cross feference
purposes. The state number is a fractional hexadecimal
number developed from the value of the eight signals
identified above. The first four signals faorm the integer
part of the numbers the last four signals form the
fractional part of the number. No real numerical value is
implied by this convention and neither is any order to be
inferred. The bus state diagram, Figure — on page
~~~pagesyes., shows the relationship of the various states
and also includes the valid transition lines (and arrows)
with a number corresponding to the bus usage figures
identified above.

SCSI PHYSICAL INTERFACE ?
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------ SIEBNAL STATE ————- —rmm JlEAL STATE ——ees
BESAR RIMNC BESaR RIMNC
SECE §/8/ SECE 878/
CODE MNEMONIC DEFIMEITION CODE YLK@.TOGD HNEMDNIC DEFINITION
.0 BUS FREE Infsrface 18 Ldls A.0 1 010.0000 XFREND-DD DATA OUT End Transfer
i ® (146 States) A.l - 000 1 XFREND-CD COMMAND End Transfer
2. # (1& States) Aoz = 0L 0 L0 *
=% # (146 States) A.3 - © 011 XFREND-Mp  MESSABE DUT End Transfer
4.0 0100 . 0000 SELECT Selected A.4 - &1 00 XFREND-DI PATA IN End Transfer
a1 L0001 . A.5 . © 1 0 1 XFREND-ST  STATUS End Transfer
4.2 L0010 ® il =0110 oo
= " i o g . .7 - @1 1 1 XFREND-MI  MESSAGE IN End Transfer .
4.4 . 0100 RESELECT Reselected A.8- R R i
4.5 .01 01 * A.F
4.6 .1 10 *
4.7 L o111 » B.O 1011 . 0000 XFRACK-DO DATA OUT Ack. Transfer
4.8- v 1 % o33 » B.1 - 0 0 0 1 XFRACK-CD COMMAND Ack. Transfer
4.F B.2 . 0010 *
S.x 0101 . xn »nx # {14 States) B.3 - 00 1 1 XFRACK-MO MESSAGE OUT Ack. Transfer
S5t LG . & 5 * (16 States) B.4 - 01 00 XFRACK-DI DATA IN Ack. Transfaer
7.n O 1 11 . % % » % # {14 States) B.S . 01 01 XFRACK-ST STATUS Ack. Transfer
B.0 1000 . 0000 ARBSTART Beginning of Arbitration B.& - 0110 *
BUSY Selected and Busy B.7 - 01 1t XFRACK-MI MESSAGE IN Ack. Transfer
XFRRDY-DO  DATA OUT Transfer phase E.B- R *
8.t - 0001 XFRRDY-CD COMMAND Transfer phase B.F
B.2 0010 *
8.3 . 001 1 XFRRDY-MO MESSAGE OUT Transfer phase C.Q 11 00. 0000 ARBWINNER Arbitration Winner Ack.
8.4 . 0100 XFRRDY-DI  DATA IN Transfer phase . SELACK Selection Ack.
B.5 . 0101 XFRRDY-8T STATUS Transfer phase €.1 » 0001 *
B.4 .01 10 * e.2 . 0010 *
8.7 . 01 11 XFRRDY-MI  MESSAGE IN Transfer phase C.3 - 0011 S
8.8~ 1o * cC.4 . 01 00 RESELACK Reselection Ack.
a.F C.5 - 0101 *
9.0 1001 .0000 XFRST-DO DATA DUT Start Transfer C.& -0110 *
9.1 . 0001 XFRST-CD COMMAND Start Transfer C.7 - 0111 *
9.2 L0010 * c.8- -1 % = % *
?.3 - 0011 XFRST-MO MESSAGE OUT Start Transfer C.F
g.4 ¥ . 01 00 XFRST-DI DATA IN Start Transfer
?.5 . 01 01 XFRST-ST STATUS Start Transfer D.x 1101 . %= * (16 States)
2.4 .01 10 * E.x 1110 . x»n # (14 States)
9.7 . 0111 XFRST-MI MESSAGE IN Start Transfer Fox L O O I N # (16 States)
7.8- 2 X oaowmom *
9.F * Undefined State (e:xcept possibly during Reset}
Ack. Acknowl edgement

* Undefined State (except possibly during Reset) -

Figure 2. State Definitions (2 of 2)
Figure 1. State Definitions (1 of 2)
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| H !
iNO!  From H To

| 0IBUS FREE |BUS FREE
! 11ARBSTART {BUS FREE
! ZIARBWINNER!BUS FREE
t 3ISELECT {BUS FREE
! 4IRESELECT !BUS FREE
I SiBUSY i BUS FREE

! :
& IRESET {BUS FREE

I 7IANY STATEIRESET

BIBUS FREE !NARESTART

F1ARBSTART !ARBSTART

i
;
! !
b
H |
il

'
i

t101ARBSTART | ARBWINNER |
i !

i
'
'
123
'
i

{151 ARBWINNER | RESGELECT

114SELECT I SELACK

: !

i 15IRESELECT |RESELACK

' ' '

H H !

H H H

LEGEND:

XFR:: HSIETS
=i

Data Byte

Figure 1. Bus Usage

Fage 12

State

BUS FREE !SELECT

ARBWINNER ! SELECT

H i
I XFRY DATA BUS

{RELEASED
IRELEASED
IRELEASED
{RELEASED
{RELEASED
k3

{
iRELEASED

I i

| 18CSI ID(s)
i lw/o Parity
1 15CS1 1D

H lw/0 Parity
1

|

|

H

1
H
i
H

iSCSI ID(s)
! lw/o Parity

! ISCSI ID(s)
! iWith Parity
i 15CSI ID(s)
! iWith Parity

H ISCSI ID(s)
! iWith Parity

ISC8I ID(s)
IWith Parity

IBCSI ID(s)
iWith Parity
!

! ASSERT/NEBATE

/B3Y
/BSY & /SEL
/SEL
/SEL & /I/O
/BSY & /1/D
/MSG & /C/D
/RST

i RBT
BSY - Any

/B8Y

Each Device
Losing Arb.;
Winner Keeps
BESY Asserted

SEL

SEL

/1/0 & /BSY

1/0 & /BSY

I BSY

BSY - Init.
Followed by
BSY - Target

Info Transfer Phase
one of & valid I/0,
combinations

B-bit value plus parity

(1 of 2)

State (1 of 4)
MSE, and C/D

.-
v

| 1 sthte 1| State | i I ]
IND!  From ! To 1XFRI DATA BUS ! ASSERT/NEGATE |
1161 8ELACK 1BUSY H E3 ! /SEL !
117 {RESELACK !BUSY 1 In I /SEL ]
H H H 1 1 I Followed by H
[ { | H { /BSY - Init H
118 XFRRDY | BUSY i 1 I /1/0,/M56G, /C/D|
1121 BUSY | XFRRDY~DO{0ut { # i /170, /M8G, /C/DI
i H | —CDi0ut |« I 71/0,/M56, C/DI
H H H ~MO!0ut | » \ /1/0, MSG, C/DI
i H : “DIiIn | H 1/0, /MS6G, /C/DI
I H I —STiin i# I 1/0,/M5G6, C/D!
| H ! “MIiIn i# I I/0, MSB, C/DI
i i ! | I iSet Once for 1
H l ! I} I |Info Xfer Phasel
1201 XFRRDY—x3 | XFRRDY =33 ! Dut ! * i |
H H H {In IData Byte {0ther Signals |
[ ! H ! IFixed @ XFRRDY |
P21 { XFREND x5 | XFRRDY—xx | Out | # i /ACK i
! ' | tIn % I0ther Signals !
H ! H H H IFixed @ XFRRDY !
1221 XFRRDY=~un | XSFRST—x» |0ut | » { REQ I
H H i IIn IData Byte i0ther Signals
HE H H | IFined &@ XFRRDY |
1231 XFRST—nn | XFRACK=xx [0ut | Data Byte i ACK 1
H H ! tIn IData Byte l0ther Signals i
{ i ! H H IFixed ®@ XFRRDY }
1241 XFRACK—»n3 } XFREND-»» | Out | # 1 /REQ i
H 1 i 1In t» i0ther Signals |
H H : H ! iFiied @ XFRRDY |
LEGEND:
AFRn—an #u% —— Info Transter Phase State (1 of 4)
“#i —= one of & valid 1/0, MSG, and C/D
combinations
Data Byte B-bit value plus parity

Figure 2. Bus Usage (2 of 2)
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