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1. Introduction

Thi s docunent contains a proposal for technical content to be added to
SPI -4 for the purposes of ensuring that sinple expanders (per the
definitions in EPlI) have adequate information to operate effectively in
SCSI domai ns contai ning SPl-4 segnents. Mich of the material is
directly copied fromEPI, sone is by reference to other sections of SPI-
4 and sone is new original material

In order to define the requirements for expanders the definitions for
segnents and other related terns and concepts are proposed for adoption
in SPI-4.

2. New content for SPI-4 relating to expanders

Ext ended configurations are described that incorporate the ability to
separate the SCSI domamin into electrically isolated parts by using
active circuits. The requirenents for these active circuits are
described in clauses 3 through 6. These circuits are specified to
produce al nbost no additional requirenents beyond that for use in
ordinary configurations for initiators and targets. Initiators and
targets shall not produce any behavior that causes extended
configurations defined in this section to fail provided that the

ext ended configuration nmeets the requirenents in Causes 3 through 6.



Initiators shall inplement the basic integrity check for domain
val idation presently described in Annex L in SPI-3.

There are no known additional requirenents for targets in the extended
configurations.

3. Definitions and concepts:

3.1 Definitions:

bus-path: The electrical path directly between the bus term nators.
byte: Indicates an 8-bit construct.

contact: The electrically-conductive portion of a connector associ ated
with a single conductor in a cable.

differential: A signaling alternative that enploys differential drivers
and receivers.

initiator: An SCSI device containing application clients that originate
devi ce service and task managenent requests to be processed by a target
SCSI device. See the SCSI-3 Architecture Mdel standard for a detailed

definition of an initiator.

logical unit: An externally addressable entity within a target that
i npl enents an SCSI device nodel. See the SCSI-3 Architecture Mde
standard for a detailed definition of a |logical unit.

path: The cable, printed circuit board or other nmeans for providing the
conductors and insulators that connect two or nore points.

SCSI bus: consists of all the conductors and connectors required to
attain signal line continuity between every driver, receiver, and
term nator for each signal

stub: Any electrical path connected to the bus that is not part of the
bus- pat h.

target: A SCSI device that receives SCSI comnmands and directs such
commands to one or nore |ogical units.

3.2 SCSI donmain related term nol ogy and concepts

SCSI donmi n:

A SCSI domain is a logical bus with at | east one bus segnment, at
| east one initiator, and at |east one target. Domains with

mul tiple bus segnments are enabl ed through the use of bus
expanders. Domains consist of the set of SCSI devices that are
addressable froman initiator or target.



Si mpl e expander :

Devi ces that couple bus segnents together w thout using SCSI ID s
in the device are called sinple bus expanders.

Bri dgi ng expander:

Devi ces that couple a bus segment to another SCSI segnent or
anot her kind of port by using addressable SCSI ports in the
devi ce.

4. Bus segnents in a SCSI domain

Previ ous SCSI standards define paraneters for SCSI busses based on the
assunption that there is a single electrically conducting path between
bus term nators for each signal and that a SCSI domain contains all the
devi ces between these two termnators. This electrical path is assuned
to pass signals in both directions w thout delay other than that caused
by the propagation delay of the transm ssion |line associated with the
path. It is assumed that there are no intervening active conponents in
t he path between the bus term nators.

A nore general concept recognizes that it is possible to build SCS
domai ns that use nore conpl ex physical inplenmentations where there may
be active electrical conponents between SCSI devices.

A building block for these nore conplex inplenentations is the bus
segnent which is defined as two bus termnators and the associ ated
single electrically conducting path between these term nators (for each
signal) that satisfies the assunptions in the first paragraph of this
clause. Miltiple bus segnents may be functionally connected together by
special coupling circuits described in clause 5.

Each bus segnent has TERMPWR sources and TERVMPWR di stri bution
par anet ers.

Bus segnents al ways use the sanme transm ssion type (LVD or SE) within
the segment. A domain nmay contain segnments that use different
transm ssion types.

Bus segnents follow the sane rules individually that are described in
the existing standards (with inportant exceptions). Using nultiple bus
segnents with coupling circuits in the same domain allows nuch nore of
the full properties supported by the SCSI bus protocol to be realized

t han when using single segnment domains.

Sonme of the salient properties inpacted are device count linmts,
physical length limts, ground voltage shifts, dynam c renoval and
repl acenent of portions of domains, and m xi ng of device types (SE
LVD) .



5. Sinple bus expanders

Bus expanders are el enents used for connecting segnments together. There
are two basic types: sinple and bridging. Sinple expanders do not
occupy a SCSI ID and are intended to be "invisible" to initiators and
targets. Bridging expanders have SCSI IDs on all ports, participate in
SCSI arbitration and nessaging, and are “devices” in the SCSI sense.

The followi ng features shall be the required properties of sinple bus
expanders:

No SCSI 1ds used on sinple expanders
No arbitrations initiated by the sinple expander

No messages originating with the sinple expander shall be sent by the
si mpl e expander (nessages sent frominitiators and targets could be
read if desired — for exanple the sinple expander could need to know
t he negoti ated data phase speed or sone other variable property of a
transaction of an initiator / target connection)

Retransmtted signals fromthe sinple expander transmtter shall neet
the sane requirenents as any ot her SCSI device at the expander
boundary (which may or nmay not be at a separabl e connector)

Si mpl e expander receivers shall operate error free with the nost
degraded signal allowed for any SCSI device receiver at the expander
boundary (which may or may not be at a separabl e connector)

Si mpl e expanders shall not interfere with the REQ ACK of fset count in
any initiator or target in the domain (other than that caused by the
propagation tinme through the expander)

Expanders that are powered on shall retransmt RESET assertions from
one segnent to the other regardl ess of the state of any other SCS
signals on either side (This allows the domain to be reset due to
cat astrophi c events on one side that could | ock up the expander.)

Si mpl e expanders shall operate with any arbitrary placenment of the
initiators and targets with respect to the sinple expander (for
exanple all targets and initiators could be on the sanme side of the
expander or there could be initiators and targets on both sides of
t he expander)

TERVPWR shal | not be connected in the expander between the segnents
bei ng coupl ed

DI FFSENS shall not be electrically or logically connected between
segnent s bei ng coupl ed

Transm ssion node (SE/LVD, etc.) changes on one segnent shall cause
the sinple expander to issue a SCSI bus RESET on the other side

It is very desirable that sinple expanders consune m ni mal propagation
time during arbitration so that the end to end domai n propagation tine



budget may be used primarily for |onger physical |ength connections.

cl ause 5.4. 3.

Figure 1 shows a single sinple expander between two bus segments.

SEGMENT 1 SEGMENT 2
ALL TYPE A ALL TYPE B
DEVICES AND TERMINATORS DEVICES AND TERMINATORS

A =HVD OR SE OR LVD B = HVD OR SE OR LVD

TA DAQQQQQQQDA TA T TB DBooooooo DB TB

T = TERMINATOR

D = DEVICE A/B EXPANDER
(DOES NOT PASS THE DIFFSENS OR TERMPWR
LINES BETWEEN SEGMENTS)

USING UNIVERSAL TRANSCEIVERS AND
UNIVERSAL TERMINATORS
THE SEGMENT TYPE CAN AUTOSWITCH BETWEEN
SE, LVD, OR HVD (SE DEVICES GROUND THE DIFFSENS LINE)

EACH SEGMENT HAS ITS OWN GROUND OFFSET BUDGET

Figure 1 - A two segnent domain using a single expander circuit

See

Figure 2 shows three ways that sinple expanders may be used to connect

bus segnents.



END TO END (REPEATER-LIKE FOR EXTENDED LENGTH)

T T T T
END TO MIDDLE = MIDDLE TO MIDDLE
(ISOLATION / CONVENIENCE) (ISOLATION / CONVENIENCE)
T T
T T | |
T T
|_
EXPANDER

T TERMINATOR (MUST BE THE SAME TYPE WITHIN THE SAME BUS SEGMENT)

Figure 2 - Three ways to coupl e bus segnents together with expanders

5.1 Honobgeneous type

I f an expander has the sanme type of segnent on both sides it is terned a
honbgeneous expander. The honbgeneous expander does not do type
conversion (e.g. SE to LVD).

Thi s kind of expander may be useful in existing systens where domain

I ength increases may be achi eved by inserting a single honbgeneous
expander in the right place. Such a condition exists, for exanple, in a
domai n where several SE devices are connected to a backpl ane and
subsequently to a host adapter by a shielded external cable. By placing
a honogeneous expander near the backpl ane one creates a short, heavily

| oaded backpl ane segnent and a point to point segnent to the host
adapter. Increases in overall domain physical |ength may be achieved
because the point to point segnment length [imt is |longer than the

mul ti-drop segnment | ength.

5.2 Heterogeneous types

Expanders that have different bus transn ssion types on each side are
het er ogeneous expanders.

5.3 Domai n exanpl es using sinpl e expanders

Figure 3 shows two exanples of domains built using only sinple
expanders.
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Figure 3 - Exanpl es of domai ns using sinple expanders

5.4 General rules for SCSI domai ns using sinple expanders

The rules are summarized in 5.4.1 followed by detailed discussion for
each in the subsequent clauses.

5.4.1 Rule summary

Val id SCSI donains shall foll ow these six rules:

1. Al bus segnents in the domain shall conmply with their individual bus

segnent length linmts and other segnent rel ated requirenents.

Any segnment between two other segnments shall support the highest
performance | evel that can be negotiated between the two other
segnents. For exanple two wi de LVD Fast-40 segnents shall not be
separated by a segnent that does not support both wi de and Fast -40.
See Table 1 for definition of increasing performance |evels. See
Figure 4 for exanples.



3. the expander between two segments shall support the maxi num
performance | evel s supported on each side of the expander

3. The maxi mum propagati on del ay between any two devices in the domain
shal |l not exceed 400 ns.

4. The nunber of addressable devices in the domain shall not exceed the
addressability of the devices in the domain

5. Loops topol ogies are not all owed.

{nove up to 400 ns out of this section}

6. The REQ ACK of fset negoti ated between any two devices should be | arge
enough to ensure that adequate offset and buffering is available to
acconmodate the round trip tinme between the devices. The mninum
offset levels for a variety of conditions are shown in Table 3.

5.4.2 Rule 1

Rule 1 is defined in detail in clause [need reference to the appropriate
SPI -4 cl auses].

5.4.3 Rule 2

Rule 2 relates to internediate segnents which only exist in domains of
at least three segments. The segnent between the two other segnents is
the internedi ate segment. The formal ranking of the performance
properties for segnents is specified in Table 1.

Table 1 - Performance ranking for internedi ate segnents

Performance features listed in order of increasin(_; performance

Bus segment width Maximum data phase speed
8-bit Async
Fast-5 sync
16-bit Fast-10 sync

Fast-20 sync
Fast-40 sync
Fast-80 sync
Fast-160 sync
Higher speeds to be defined in future

Two nodes: perfornmance sensitive, not performance sensitive. Add words

Configurations exist that satisfy Rule 2 but violate Rule 1. An exanple
of such a configuration violation is shown in Figure 4.




INTERMEDIATE
T L /T/f SEGMENT

T | T
T ;//”’?T_SEGMENTl(FASTQOCAPABLE)
|
SEGMENTg2 (FAST-10 CAPABLE)
T I T
|
LA
T I
FAST-20 DEVICES FAST-10 DEVICES
SEGMENT 3 (FAST-20 CAPABLE)
Figure 4 - Intermedi ate segnents and performance ranking

The configuration in Figure 4 is valid only if the data phase rate is
limted to Fast-10 for any data phase transactions between segnent 1 and
segnent 2, segnent 2 and segment 3 or segnment 1 and segnment 3. Even

t hough the Fast-20 devices in segment 2 are located close to the
expanders and the di stance between the expanders is small, the segnent
length is defined by the distance between the termi nators - not by the
di stance to the expander connection or to the devices. The internediate
segnent is not Fast-20 capable and may not be used for Fast-20
transacti ons between segnent 1 and segnment 3. Segnent 2 is also not to
be used for Fast-20 transactions within segment 2. Fast-20 transactions
are allowed between devices in segment 1 or between devices in segnent

3.

The internedi ate segment in this exanple will see signals at the higher
data rates on the DATA and parity lines but since the devices in the

i nternedi ate segnment are not participating in the higher data rate
transm ssion and are waiting for the next BUS FREE, RESET or ot her
general SCSI phase they are unaffected by the higher speeds.

For multinode segnments, any dynam c change of transm ssion node (LVD to
SE etc.) is treated as a fault and the expander shall assert the RESET
line on the segnent opposite the one that experienced the transm ssion
node change. The expander shall detect this state change by sensing the
DI FFSENS |ine. This scheme ensures that the initiators on the other
segnents are aware of the change in transm ssion node and can reassess
whet her this node change is consistent with the performance requirenents
for the segnents and the overall paraneters for the domain before
allowing traffic to resume. Once RESET is asserted initiators shal
renegotiate with all targets in the domain.



5.4.4 Rule 3

5.4.4.1 Effects of wired-or glitches

Wred-or glitches occur when two on nore drivers are asserting the sanme
signal line and one subsequently ceases to drive the line. This

condi tion happens frequently during arbitration on the BSY signal and
may happen on other wired-or signals. This change in the nunber of
asserted drivers causes a redistribution of current in the segnent (with
resulting voltage glitches) and may cause fal se detection of BUS FREE
and other errors. The worst case condition is when two devices near a

segnent termnator are involved. |In this case it requires a ful
segnent length round trip time before the line is again stable (after
t he devi ce stopped asserting the line). |If this condition applies, the

round trip time allowed is 400 ns. The one way tinme is 200 ns.

VWaiting the entire domain round trip tine nay be avoi ded by ensuring
that wired-or glitches do not pass through the expander. This standard
does not descri be how expanders inplenment this capability but it is
within the presently available technical art. If wired-or glitches are
not propagated through the expanders, then the maxi mumround trip domain
signal propagation tinme is 800 ns and the one way domai n propagation
tinme is 400 ns.

If a sinple expander does not inplement the wired-or glitch filter it
shall be labeled indicating that it all ows propagation of wred-or
glitches. This standard assunes that w red-or glitch bl ocking expanders
are used and that the nmaxi mum domain round trip time of 800 ns is
avai |l abl e.

5.4.4.2 Expander propagation delay effects

The expander is said to be in series with initiators and/or targets when
the path between the initiators and/or targets goes through an expander
In this case the propagation delay through the expander shall be counted
as part of the 400 ns budget between those devi ces.

The del ay varies depending on the inplenmentations. Care shall be

exerci sed when consi dering expanders to understand the capabilities of

t he expanders being used. Wen two expanders are in series the delay
across the pair may be much I ess than tw ce the individual delays. This
i s because the “direction” change that consunes much of the propagation
delay during arbitration will only apply to one of the expanders at a
time. The single expander delay, Tds and the expander series pair

del ay, Tdp shoul d be specified.

Del ays for SE/ HVD expanders are much | onger than the del ays through
SE/ SE versions. This is caused by the additional propagation tine

t hrough the HVD interface and the fact that the direction reversal is
the nost tine consum ng part of the propagation delay for the
differential transceivers.

If the expander is attached to a segnent (as in case of the device
enclosures in the bottompart of Figure 3) it is only in series between
the devices in the enclosure and other devices in the domain. The



expander in the enclosure would not be in series between the two host
ports for exanple.

The propagati on delay through the differential transceivers of
initiators and targets does not need to be separately accounted for if
the wired-or glitches cannot propagate through the expander. The
differential transceiver delay effects are confined to the differenti al
segnents. Using expanders that do not pass the wired-or glitch prevents
one segnent’s del ays from bei ng passed on to the next.

If devices that use the HVD are built in conmpliance with the SCS
standard there will be no difference due to transceiver propagation
del ay because all SCSI timngs are neasured at the device connector

i ndependent of whether it is a SE, HVD, or LVD interface. On the other
hand, since many protocol chips offer direct SE or MSE/LVD transceiver
options it is possible that the propagati on delay through the separate
HVD transcei vers was not counted in the single segnment timnm ng budget (as
seen by the protocol chip). This will not matter in nost cases if the
single segnent length is limted to 25 neters since there i s adequate
margi n included in the 25 neter maxi num | engt h.

5.4.4.3 Sanple cal cul ations

CASE 1 - SINGLE EXPANDER IN SERIES

DIFF/SE EXPANDER

DEVICE 1 DEVICE 2
DIFF SEGMENT% SE SEGMENT

«— | D—>»_ |«——|5—>

(5.4ns*LD + Tds + 5.4ns*LS) <? 200,400ns

CASE 2 - THREE EXPANDERS BUT
ONLY A MAXIMUM OF TWO IN SERIES

DEVICE 1 DEVICE 2
LD13 LD34 LD45 LD52
DIFF/SE EXPANDERS
LS1 LS2 LS3
DEVICE 3 DEVICE 5
DEVICE 4

Figure 5 - Two configurations for domain delay cal cul ati ons

Figure 5 shows two sanple SCSI domain configurations. 1In Figure 5
paranmeters whose first letter is “L” are physical lengths, “D refers to
differential segnents and “S” refers to single ended segnents. In case

1 the delay calculations are shown in the figure. For the nore conpl ex
case 2 one shall consider all the possible conbinati ons between any two
devices. These calculations are shown in Table 2. The device pair that



has the | argest conbi nati on of expander del ay and interconnect del ay
determines if this configuration neets the 200, 300, or 400 ns
requi renent.

VWile this may appear conplex, the linmting cases may be obvi ous without
the rigorous anal ysis.

Table 2 - Domain del ay cal cul ations

DEVICE PATH BETWEEN DEVICES EXPANDERS INTERCONNECT DELAY (ns)
PAIR DELAY (ns)
1-2 LD13,LD34,LD45,LD52 0 5.4*(LD13+LD34+LD45+LD52)
1-3 LD13,E1,LS1 Tds 5.4(LD13+LS1)
1-4 LD13,LD34,E2,LS2 Tds 5.4*(LD13+LD34+L52)
1-5 LD13,L.D34,LD45,E3,LS3 Tds 5.4*(LD13+LD34+LD45+LS3)
2-3 LD52,LD45,LD34,E1,LS1 Tds 5.4*(LD52+LD45+LD34+LS1)
2-4 LD52,LD45,E2,LS2 Tds 5.4*(LD52+LD45+LS2)
25 LD52,E3,LS3 Tds 5.4*(LD52+LS3)
34 LS1,E1LD34,E2LS2 Tdp 5.4*(LS1+LD34+LS2)
35 LS1,E1,LD34,LD45,E3,LS3 Tdp 5.4%(LS1+LD34+LD45+LS3)
4.5 LS2,E2,LD45,E3,LS3 Tdp 5.4*(LS2+LD45+LS3)

5.4.5 Rule 5

Loop topologies in any formare not allowed within a domain. Using
expanders connected in a loop it is possible to create conditions where
both an expander and a target or initiator are asserting the sanme |ine.
Under these conditions the line will not return to the negated state
when the initiator or target releases the line since it will continue to
be driven by the expander. The logic state of the line will not change
and a |l ock up condition exists.

Figure 6 shows sonme exanples of |oops. Even if it appears that no
deadl ock condition is possible (in some symmetrical configurations for
exanpl e) loops are still not all owed because the propagation tine
variability between conmponents guarantees asynmetry and non-zero

deadl ock ri sk




T TERMINATOR

Figure 6 - Exanples of illegal |oops

5.4.6 Rule 6 (REQ ACK offset) sone to be noved

The REQ ACK offset is the difference between the nunber of REQ pul ses
sent (received) and the nunmber of ACK pul ses received (sent) in a
synchronous data phase transm ssion. This offset allows multiple
transfers to be on the domain nedia at the sane tine.

The devi ce REQ ACK offset counter is set to zero before the data phase
begins. When a REQis sent or received the offset counter is
incremented. Wen an ACK is sent or received the counter is
decremented. After the data phase is conpleted the offset counter
shoul d again be at zero since the nunber of REQs and ACKs should be the
sare.

VWhen the target sends the first REQ pulse there is a mninum of one
round trip time before the first ACK pul se can be received fromthe
initiator. This round trip time includes the data processing tine at
the initiator. Meanwhile, the target may continue to i ssue REQ pul ses
until the offset counter reaches the maxi mum REQ ACK of fset |evel that
was negoti at ed.

If the maxi num offset level is reached, the target waits until it

recei ves a decrementi ng ACK pul se before issuing anot her REQ pul se.
When the maxi mum REQ ACK offset is reached the initiator stalls the
transfer. Initiators designed for maxi mum performance shall avoid this
condi ti on.

The receiving device is required to accept up to at |east the maxi num
REQ ACK of fset |evel of data phase transfers in its buffers.



REQ ACK of fsets do not apply to sinple expanders.
The m ni mum desirabl e offset value is given by:

[{2x one way donmain delay} / {ACK (REQ period}] + processing
over head

Tabl e 3 gives sone representative values fromthe above expression
assum ng the processing overhead to be 2 ACK(REQ periods in all cases.

Table 3 - Mni num REQ ACK of fset |evels for maxi num perfornance

Domai n Dat a phase ACK( R?g) M ni mum R_EQ’ ACK of f set
round trip speed peri od to avoi d performance
del ay (ns) (mn) degradati on

(assunming 2 overhead
periods in all cases)
100 Fast - 10 100 3
200 Fast - 10 100 4
300 Fast - 10 100 5
400 Fast - 10 100 6
500 Fast - 10 100 7
600 Fast - 10 100 8
700 Fast - 10 100 9
800 Fast - 10 100 10
100 Fast - 20 50 4
200 Fast - 20 50 6
300 Fast - 20 50 8
400 Fast - 20 50 10
500 Fast - 20 50 12
600 Fast - 20 50 14
700 Fast - 20 50 16
800 Fast - 20 50 18
100 Fast - 40 25 6
200 Fast - 40 25 10
300 Fast - 40 25 14
400 Fast - 40 25 18
500 Fast - 40 25 22
600 Fast - 40 25 26
700 Fast - 40 25 30
800 Fast - 40 25 34
100 Fast - 80 12.5 10
200 Fast - 80 12.5 18
300 Fast - 80 12.5 26
400 Fast - 80 12.5 34
500 Fast - 80 12.5 42
600 Fast - 80 12.5 50
700 Fast - 80 12.5 58
800 Fast - 80 12.5 66
100 Fast - 160 6. 25 16
200 Fast - 160 6. 25 32
300 Fast - 160 6. 25 48
400 Fast - 160 6. 25 64
500 Fast - 160 6. 25 82
600 Fast - 160 6. 25 98




700 Fast - 160 6. 25 114

800 Fast - 160 6. 25 130

H gher speeds defined in the future continue to use the algorithm
represented in this table unless the REQ ACK nmechani sm changes




