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Subj ect: Approved mnutes for the SCSI passive interconnect performance
wor ki ng group, PIP, in Nashua, NH on Decenber 12, 13, 2000

Zane Daggett opened the neeting, conducted the introductions, and

revi ewed the neeting purpose. Bill Ham secy, took these mnutes.
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21.2 New actions fromthis neeting

1. Introduction

Zane Daggett opened the neeting, conducted the introductions, and
revi ewed the neeting purpose.
2. Attendance
The follow ng fol ks were present:
Nane Organi zati | e-mail Phone
on
603- 669- 1656
Richard MM 1l an | Adaptec Ri chard ncm | | an@dapt |408-957-6025
ec. com
G eg Vaupotic Anphenol G eg. vaupoti c@net . net | 203-287-7425
Jie Fan C&M Cor p. j fan@ntor porati on. com | 860-779- 4864
Bill Ham Conpaq Bill ham@ x. net com com | 978-828-9102
Jason Chou Foxconn mail to: J asonc@ oxconn. 408-919-6141
com
Zane Daggett Hi t achi zdaggett @cm hi tachi . c | 603-669-4347
Cabl e om X. 236
Bob Gannon JPM rgannon@ pncto. com 860- 537- 6800
Larry Barnes LSl Logic Larry. barnes@sil.com 719-533-7432
Ri chard Uber Quant um Ri char d. uber @uant um c | 508-720- 2568
om
Uresh Chandra Seagat e Unesh chandr a@eagat e. 831-439- 7264
com
Ken Pl ourde Temp Fl ex kpl our de@ enpf | ex. com 508-839- 5987
X. 232
Paul Al oi si Texas Paul Al oisi@i.com 603-429- 8687
I nst rument =

S

3. Agenda devel opnent

The agenda shown was t hat

unani nousl y.

4. Approval

Bill

previ ous nmeeting be approved as nodifi ed.

The net hodol ogy for

of previous ninutes

Ham noved and Zane Daggett seconded that the draft

used (noved by Daggett / Vaupotic).

Passed

m nutes fromthe
Mot i on passed unani nously.

m nutes uses the draft/approved m nutes schene with
posting to the t10 web site of the minutes as the vehicle for




publication. Postings are announced to the SCSI reflector after the
posting is verified to be on the web site.

Mnutes will be in .pdf fornmat.

5. Review of action itens

Action itens were reviewed and the status is |isted belowin the action
itens section.

6. Adninistrative structure:

The present adninistrative structure is:

Chair: Zane Daggett, Hitach
Vi ce Chair: Dave Chapnman, Anphenol
Secretary: Bill Ham Conpaq

Docunent editors: Zane Daggett, editor in chief, Bill Ham assistant
editor, Greg Vaupotic, assistant editor, others welconme (but work is
expect ed)

7. Review of industry activities

Bill Ham briefly reviewed the T10, T11, and SFF activities relating to
testing and nodeling. He noted that the T11l nodeling activity has had
its first neeting with the next nmeeting scheduled for T11 week in
February.

8. Presentations on new topics

8.1 Utra 320 cross talk analysis - 01-013r0, Unesh Chandra, Seagate

This presentation covered the cross tal k performance of a specific kind
of Anphenol twi st and flat cable 8.1 inch twist 1.75 flat 30 AWG solid
207 feet.

This sanple was cut to 12 nmeters to give a 3 dB attenuation at 80 Mz
(this “attenuation” is different fromthe nornmal definition as it
related the anplitude of the | ow frequency (d.c.) pulses to the
anplitude of the conplete pulses with an 80 Mz rep rate).

This data showed an extrenely strong far end cross talk effect using
actual U320 drivers (even w thout the npst aggressive |aunched signals).
The effects included serious jitter increase and (surprisingly) an
overall anplitude increase for the particular configuration tested.



This observation w ||

require that we add a far end signa

executed wi th neighboring |ines active.

Uresh recommended t hat at
speci fying the perfornmance requirenents for SCS

9. Effects of non-uniformties and/or

9.1 Effects of periodic structures continued,

[ not discussed in Decenber]

Larry presented a spread sheet that

vel ocity of propagati on based on frequency,

separation of

| oads,

capaci tance of

| east eye di agrans should be used in

periodi c structures

Larry Barnes,

Larry agreed to nake this spreadsheet avail able on the web.

test that is

cabl e assenbl i es.

Logi c

reports the | oaded i npedance and
unl oaded i npedance,
| oads assumi ng no stub | ength.

Larry Barnes is actioned to place his spreadsheet on the T10 web site.

10. Rationalization of existing attenuation data, al

[ This table was not

The tabl e generated in the | ast
the data avail abl e at

The data in the table is for
i npedance varies in the 128-132 ohm range,
12 dB @25m @200 Mz in SPI-3.
are significant differences in the neasurenent
di rect conparisons may not

dB/m fail

limt set at

be vali d.

updat ed but a key factor
bet ween the Seagate results and the other

nmeeting was re-exam ned.
nmeeting tine is given in the table bel ow

cabl e assenblies or

Nevert hel ess,

medi a only,

in the disagreenents
nmeasur enents was not ed. ]

A sunmary of
nedi a

data presented in units of
Note that there

nmet hodol ogi es and t hat

the data presented

shows the magnitude of difference that has been reported. This

framework will be used to conpare the round robin data
Seagat e Hi t achi Madi son Amphenol twi sted
HP 8110 pul se net wor k 4-port network pair ribbon (no
generator wth anal yzer anal yzer flats) network
clock-like pattern |with 100 anal yzer with

wi th sl ow edges,
spectrum anal yzer
used for measuring
out puts and i nputs

ohm bal uns

TP101 with 121Q
mat chi ng pads

Sanpl e cabl e assys cable nmedia | cable nedia cabl e nedia
descripti
on
80 MHz
30 strand 0.32/m 0.31/m
(8/25m (7.75/25m
30 solid 0. 16/ nP? (4/25m 0.26/ m TPE 0. 26dB/ m
nmedi a type not (6.5/25m (6.5/25m
known for sure at
time of witing
28 strand J0.12/m (3/25m 0.19/ m




(4.75/25m |
28 solid 0. 25/ m
(6.25/25m I
200 MHz
30 strand 0.59/ m 0.52/ m (13/25m
(14.75/25m
30 solid 0.38/n?? nedia type | 0.44/ m TPE 0. 46dB/' m
not known for sure | (11/25m (11.5/25M
at time of witing
28 strand [ 0.28/m (7 dB/ n) 0.36/ m 0. 40/ m (10/25m
(9/25m
28 solid 0. 40/ m (10/25m

Note that there are few direct conparisons and some m nor

i nconsistencies in the data in the above table. There is considerably
nore than the wire gauge that influences the attenuation. Thus the

wi sdom of doing a performance rather than a physical description

speci fication.

Nevert hel ess, the present specification of 12 dB @25m @200 MHz seens
to be reasonable given the 11 dB/25m data for 30 AWS solid.

It was noted that the Seagate data has backed out the d.c. contribution
which is a couple of dB. This hel ps the agreement considerably.

11. Round robins

11.1 Cable nmedia round robin 1 (Exploratory)

11.1.1 Progress report, Unesh Chandra, Seagate

[much of this material is retained for continuity — Madi son data and a
sunmary tabl e was added]

The foll owi ng sanpl es have been coll ect ed:

e 30AWG solid round fromH tachi 57m (190 ft) [sanple 1]
e 28AWG stranded round from H tachi 57m (190 ft) [sanple 2]
e 30 AWG solid twist and flat [sanmple 3]

A test procedure has been docunented:
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Test Procedure using HP4396A/ 45046A

e Apply “shorts’ (thru) (2) in place of DUT

e Set ‘SOURCE’ level to +20 dB, ‘START' to 0.5 MHz ‘STOP to 300 Mz
e 'CAL’ -> "Cal Menu -> '‘Response’ -> ‘Thru -> ‘Done’

e 'SAVE -> 'State’ -> ‘'Done’

e Replace ‘shorts’ with the DUT (Cabl e under Test)

e Collect Data

e '‘SAVE -> "ASCI| Save' -> ‘Data Only (ASCI 1)’

e Inport file into XL and create graph

Test results:

+ 30 AWG Solid Hitachi #49557-068 SCSI3
+ dc R=20.5 OHVs

» CHANNEL: 1

» MEASURE TYPE: S21

* FORMAT TYPE: LOG MAG

« NUMBER of PO NTS: 201

e SWEEP TIME: 70 ns

« SWEEP TYPE: LIN FREQ

+ SOURCE PONER: 20 dBm

« | F BANDWDTH: 40 kHz

Data summary from Seagat e:

Attenuation at 200 MHz for sanple 1 9.21 dB/25m [ 30AWG solid] average of
sonme 2 pairs

Attenuation at 200 MHz for sanple 2 10.82 dB/25mtan/white single pair

[ 28BAWG st randed]

Attenuation at 200 MHz for sanple 3 the nunber is sonewhat neani ngl ess
(partly due to naking the neasurenent in a “bunched up” node)

H tachi data:

Test set up: sane as SPI-3 except used 100 ohm bal uns (350 MHz) and no
mat chi ng pads

Attenuation at 200 MHz for sanple 1 9.25 dB/25m [ 30AWG sol i d] average of
all 34 pairs

Attenuation at 200 MHz for sanple 2 10.39 dB/ 25m [ 2BAWG st randed]
average of all 34 pairs 10.60 dB/25mfor the sanme pair as used by
Seagat e

Attenuation at 200 MHz for sanple 3 not neasured

Madi son dat a:

Attenuation at 200 MHz for sanple 1 [30 AWG solid] 9.22 dB/25m aver age
for all 34 pairs ranging from8.94 to 9.67 4 port VNA used for both
sanpl es

Attenuation at 200 MHz for sanple 2 10.39 dB/25m average for all 34
pairs ranging from9.83 to 11.03 [28 AWG stranded] tan/white was 10.77
Attenuation at 200 MHz for sanple 3 not neasured

Data sunmmary:



company sample 1 sampl e 2 sampl e 3
(dB/ 25m (dB/ 25m) (dB/ 25m)
Seagat e 9.21 10.82 tan/white na
Hi t achi 9. 25 10. 39 avg na
Madi son 9.22 10. 39 avg na
10. 77 pair tan/white

Concl usi ons so far:

e One conclusion is that neasuring either way gives very sinlar
results.

e Another conclusion is that the pulse anplitude nethod used previously
by Seagate does not match well the results fromthe network analyzer
nmet hods (al though the difference is | ess when d.c. attenuation is
accounted for).

The round robin will continue as planned. To those who have not yet
reported their results: no fair adjusting the results because the
answers are now avail abl e.

Uresh agreed to docunent the round robin activities and results. Umesh
to create the draft docunent for the next neeting.

11. 1.2 Testing nethodol ogy and paraneters

Test nethods to be nodified as foll ows:

[ Fol | owi ng copied from SPI-3 and nodified appropriately]

E. 7.5 Measurenent test fixture and nmeasurenent equi pnent

An instrument capabl e of supplying a sinusoidal signal is used as the
signal source and an instrunent capable of detecting the anplitude of a
si nusoi dal signal is used as the signal sink. Two measurenent test
fixtures are required: one for the source end and one for the sink end.
Si nce nmost source and sink instrunents capabl e of using variable
frequency sinusoidal signals are single ended, a balun or a hybrid (MA
- Con) may be used between the instrunments and the test fixtures.

| npedance mat chi ng networks may be required.( Lpad). |If a source or
sink is used differential signals then no balun is required for the
differential source or sink

Equi pnrent Requi red: Network Anal yzer (HP 87xx Series) or equival ent.

The test fixture having 61 ohm single ended paths for each signal |ine
shown in SPI-3 will NOT be used for the tests. Sanples shall be
directly soldered to the Lpads. The opens, shorts, through calibration
nmet hod shal |l be used.

The tested lines shall be term nated by using 122 ohm noni nal resistors
between the + signal and the - signal line. [some observations have

i ndicated different results when using the term nations instead of
keeping the untested |ine open as presently inplied in SPI-3]. The
guestion of whether to require this term nation may be answered in
subsequent testing.



11.1.3 Participating conpanies, al

Conpani es agreeing to participate in this initial exploratory
nmeasurenent effort: Seagate, Hi tachi, Madi son, Anphenol Spectra-Strip,
Adapt ec,

Cont act s:

H tachi: dint Heiser (603 669-4347 ext 362)
Seagate: Bruce Manildi (831 439-7229) [ Coordinator]
Amphenol Spectra-Strip: Greg Vaupotic (203 287-7425)
Adaptec: Lee Hearn

Madi son: Chuck Grant (508 752-2881 ext 306)

Sanpl es requested: all round shielded raw nedia 25 neters [ong, one
sanpl e of each from Hitachi and Madi son of 28AWG solid, 28 AWG stranded,
30 AWG stranded, 30 AWG solid (total of 8 sanples)

11.1.4 Present status

The foll owi ng order was used:

Hi tachi: dint Heiser (603 669-4347 ext 362)
Seagate: Bruce Manildi (831 439-7229) [ Coordinator]
Madi son: Chuck Grant (508 752-2881 ext 306)

Sanpl es just delivered to:
Anphenol Spectra-Strip: Geg Vaupotic (203 287-7425)
Adapt ec: Lee Hearn

11.2 Cable nmedia round robin 2 (Expanded paraneter set), G eg Vaupotic,
Anphenol Spectra Strip

Round robin 2 is based on a significantly nore precise specification of
t he measurenment details.

OBJECTI VE

For several characteristics, determ ne sinplest neasurenent nethod which
conpares favorably to the best method. This is acconplished by
measuri ng several sanples using several nethods, with results being
conpared |l ater. Mst Round-Robin participants will not be able to use
all nethods; each will do what they can

DATA PRESENTATI ON

e Data presented in M5 Excel spreadsheets, for later by conpilation by
coordinator. Participants not able to present electronically are, of
course, permtted to present data as recorded.

e Gaphs/plots presented prior to final conpilation shall be 1 to 1000
MHz, | og frequency, even though inpedance data is only collected down
to 10 MHz. This facilitates conparing data sets for resonance
ef fects.




e Report inmpedance as differential GChns. “Attenuation” shows gain as
dB / nmeter.

e Report Propagation time Skew as neasured (e.g.: 127 ps / 25 neter
| ength) as table (Excel).

SAMPLES
Al'l sanples are 25 neter |ength. Unshielded sanples (twi sted pair
ri bbons) are to be suspended fromceiling, with mnimum of crossovers
and keeping sanple as spread out as possible (to mnimze crosstalk
effects).
Sample 1 Round twi sted pair cable having overall shield, 28 AW 7-36
TC (Hitachi)
Measure pairs 1 (Heat shrink 1), 7 (Heat shrink 2), and 34 (Heat
shrink 3) (each pair to be secured with heat shrink tubing)
Sanmple 2 Round twi sted pair cable having overall shield, 30 AW solid
TC (Madison)
Measure pairs 1 (Heat shrink 1), 7 (Heat shrink 2), and 34 (Heat
shrink 3) (each pair to be secured with heat shrink tubing)
Sanmple 3 Twi sted pair ribbon having no flats. (Spectra-Strip)
Measure pairs 1, 3, and 5 (wires 1-2, 5-6, and 9-10)
Sanple 4 Twi sted pair ribbon having flats at TDB inch intervals
(Hi tachi)
Measure pairs 1, 3, and 5 (wires 1-2, 5-6, and 9-10)

ATTENUATI ON

Record S21 using log scale (really is gain). Use 30 Hz IF BW Were
possi bl e, use 401 points. Record from1l to 1000 MHz, |og sweep. In
addition to recordi ng sweep, record actual values (using “markers”) at
80, 160, and 200 MHz.

Bal un Met hods, using fixture described in 00-339r0 (balun w th matching
resistors). For consistency, use matching network conprised of one 68

Q shunt and two 47 Q series resistors (1/8 W5% carbon).

Method A Calibrate by storing fixture response. Then neasure sanple.
Then renove fixture response. (“nornalized”)

Method B Full 2-port calibration. Use 121 Q + 1% chip resistor

(Panasoni ¢ EJR series) for “load”, for “short” solder test points of
fixture together, for “open” position matching resistors as will be
when neasurenent is made. For “thru”, attach both fixtures together

4-port Network Anal yzer Methods:
Method C Full 4-port calibration. Calibrate for 100 Q environnent.

Method D Full 4-port calibration. Calibrate for 122 Q environnent
(software “corrects” for 2).



DI FFERENTI AL | MPEDANCE

Use 30 Hz IF BW \Where possi bl e,
| og sweep.

1000 MHz,

Hybrid Junction Mt hod
Met hod E See Appendix 1 for outline regarding fixture and calibration.

4-port

Met hod F  Ful
Q envi ronment .

Net wor k Anal yzer
calibration of one differential

SKEWPAIR to PAIR

use 401 points.

Met hod

port.

Record from10 to

Calibrate for 100

Per SPI-3 TDR net hod. Pl ease record propagation tine of each | eg of each

pair. Pair

propagation tinme is the average of these two readings.

this allows us to examine within pair skew.

Doi ng

Pair #

Pr opagati on
time +
si gnal

Pr opagati on Pair
tinme -
si gnal

propagation tine
Average (+, -SiQ)

1 (or shrink
1)

3 (or shrink
2)

5 (or shrink
3)

LOG STI CS

Conpani es providing a sanple will

send to first

name on below |ist.

Round cabl e sanpl e shall be on spools. Flat cable sanple shall be on
pads.
The first person on the list will send sanples to second person. The
second to the third, and so forth
Conpany Per son Addr ess
Anphenol Greg 720 Sherman Ave greg. vaupoti c@net.n
Spectr a- Vaupoti c Hamden CT 06410 et
Strip (203) 287-
8725
Hi t achi Zane Daggett 900 Holt Avenue zdaggett @cm hi t achi
Cabl e (603) 669- Manchester NH 03109 |.com
4347
Madi son Chuck G ant 125 Goddard Menori al cgr ant @madi soncabl e.
Cabl e (508) 752- Dr. com
2884 Worcester MA 01603
Seagat e Unesh 4585 Scotts Valley Drive
Chandr a Scotts Valley CA
(831) 439- 95066
7264
Adapt ec Dave davi d_nmacquown@or p
MacQuown adapt ec. com
END Greg 720 Sherman Ave greg. vaupoti c@net.n
Anphenol Vaupoti c Hamden CT 06410 et
Spectr a- (203) 287-
Strip 8725




TEST METHOD CAPABI LI Tl ES
Tabl e bel ow shows anticipated test capabilities of participants.

Balun Balun 4-port 4-port Hybrid “4-port”
C D E F

Conpany A B

Anmphenol yes yes no no yes no
Hi tachi no no no
Cabl e

Madi son Yes? yes? yes yes yes
Cabl e

Seagat e yes yes yes yes yes yes




APPENDI X 1

Hybrid Junction Test Fixture

The hybrid junction converts an unbal anced 50 Q input into two bal anced
50 Q outputs (two signals having 180° phase, 100 Q differential). The
selected hybrid junction is the M A COM

H 183-4. This is specified from30 MHz to 3 Gz. However, it may be
used from10 Mz to 3 GHz when used with a careful calibration

: FIXTURE MADE WITH
1807 PRASE SHORT PIECES OF
50 OHM ; ; 141 SEMIRIGID COAX
TERMINATION SOLDERED AT ENDS
M /A—COM
H-183-4
A C
COAX O 6 dB q <_/—>
NETWORK  ATTENUATOR 0" PHASE
ANALYZER 3 PLACES ABOUT 3 INCHES

OUTLI NE for Calibration Procedure

Attach fixture to analyzer port 1. Semi-rigid coax strongly
reconmended.

Preset Network Analyzer to default condition. Then set analyzer to:
Power = 10 dBm Points = 401 Li near Sweep (??) Start = 10 MHz
Stop =1 Gz

30 Hz IF BW

Wth attenuators attached, BUT with sem-rigid fixture renoved,
calibrate port 1. This is acconplished using precision standards
attached to the two attenuators on the right.

Two sets of standards are required.

When finished calibrating port 1, attach semi-rigid coax fixture (which
havi ng no sanple attached, is an “open” circuit)

e Set analyzer to |look at S11 Phase. Set phase scale to 10° per
di vi si on.

e Enabl e port extensions

e Adjust port-1 extension for 0° across the frequency range (expected
for an open circuit). This conpensates for the fixture’'s propagation
propagation tinme. Above 800 MHz, it will not be possible to achieve
exactly 0°. This is because the fixture is not a perfect open
circuit. The attachnent stubs cause snall undesired parasitics.
(Port extension for above fixture is about 380 ps.)

e Set the analyzer to | ook at S11 Set Z Reflected = On Set scale =
Li near

| mportant — The anal yzer has been calibrated to 50 Q. The actua

i npedance at the calibration plane was, in fact, 100 Q differenti al
Mul tiply nmeasurenents by two for differential inpedance

Measur ement usi ng Open/ Short Met hod

Two neasurenents are required for each pair that is exam ned. First,
record the inpedance of the pair with the far-end “open”. Then record
again with the far end “shorted”. The inpedance is then calculated with
the foll ow ng equation:



Z = J (Zopen (Zsyort)  This is the value to
report.

11. 3 Backpl ane round robin 1, Uresh Chandra, Seagate

[most of this is a carry over fromthe |ast neeting - sonme significant
progress has been nade however]

This effort is needed to add backpl ane testing methodol ogy to the test
suite. The basic idea is to acquire some small sel ection of SCS
backpl anes and send these around for testing at different conpanies.

Uresh has a non-product backpl ane design that could be used. Bill Ham
t hi nks that he may have some ol der backpl anes that are not products that
coul d be used.

Uresh is actioned to select 2 boards for use in the round robin.
Hamis actioned to select 2 boards for use in the round robin.

Uresh is actioned to propose a set of tests to be used including things
like test fixtures and specific slots to be neasured.

Partici pants include: Seagate, Conpaq?, Adaptec?, |BM, Quantun?,

Uresh has certain hardware that could be useful in exciting the

i nterconect under test. The initial cut should focus on the “Data

spewi ng” card (disk drive card) with a data interface through the SCA
connector that allows progranm ng of the data pattern through an HBA
using the SCSI transport. Unesh is actioned to determnine if/when the
data spewi ng card could be made available to the industry for use in PIP
applications.

Motion Ham/ Umresh that PIP will docunent a cost effective eye diagram
based test met hodol ogy for passive interconnect that will be part of a
test suite for performance requirenments.

Moti on passes 10/0.

12. Proposed new round robins

12.1 Cable Assenbly round robin 1, Martin O, Ml ex

Martin O presented his view of the content and tining of this round
robin. As there was not enough tinme to explore all the details in this
nmeeting needed to structure a “good” round robin a reduced, two conmpany
round robin will be conpleted before February 2001. Martin agreed to
structure a prelimnary round robin intended to refine the paraneters of
the real cable assenbly round robin 1. The conpanies that will deliver
results to the February neeting are Ml ex and JPM



13. Frequency dependence of dielectric constant test nethodol ogy -
Barnes, LS| Logic

Deferred (again) to February due to issues with obtaining the chem cals
needed for calibration into the LSl Logic facility. (Mterial safety
data sheets etc). This work is intended to use the HP polished probe
nmet hod according to the follow ng table.

Greg Vaupotic noted that data fromthe swept frequency slab nmethod on
partially processed material could be made avail abl e.

Thi s discussion produced col |l aboration containing the follow ng:

150Iyethelyne sanpl es sl ab net hod coax probe met hod

to be provided by

Spectra Strip

raw material processed | Spectra strip LSl Logic

into a slab

raw mat eri al extruded NA LSI logic -- strip

over single conductor mat eri al of f conduct or

26 AWG with and neasure by

approximately 12 to 15 i nserting the probe

mls dielectric through slit in the

t hi ckness conductor to the
opposite side (C)

material renmoved from Spectra strip LSl Logic

conduct or processed

into slab

The range of frequency will be at least 1 MHz to 1 GHz |inear sweep.
The sanples will be targeted to Larry by md Novenber 2000

Greg Vaupotic and Larry Barnes are actioned to conplete the work
outlined in the above table.

14. Wbrst case vs spec nunbers strategy

[This itemwas not discussed at this nmeeting but is still unresolved.]

This itemis intended to address the basic issues created by using a
collection of worst case conponent specifications instead of recognizing
the typical integrated inpact of a collection of real parts.

Wrst case specifications frequently result in excessive demands to

i mprove conponent performance. On the other hand, given a |arge
popul ati on of components, there is some chance that end-to-end failures
wi || be experienced unless the worst case component perfornance
requirenents are net.

Therefore, conditions for SCSI are approaching the point where sone
recognition of the overspecification that results from worst case

nmet hodol ogies is reflected in the conponent performance specifications.
When the worst case nunbers are added up for SPI-4 the SCSI segment will
not work. Therefore, either the specification nmethodol ogy or sone
conponent specifications need to change.



This is one reason why there is presently a focus on the interconnect
speci fications.

In any case there were no breakthroughs in this area at this neeting.

15. SCSI passive interconnect as an N-port construction - al

[ This section was discussed in earlier neetings but will be retained in
the mnutes until transferred into the PIP docurent.]

It was previously agreed that the SCSI cable assenbly will be considered
as an N -port elenent where every connector constitutes the approxi nate
| ocation of the ports. Since SCSI is a parallel bus every connector
contains a multiplicity of somewhat independent ports (one for every
differential signal).

For purposes of the SPIP work a | ower case “N', n, refers to the nunber
of the specific signal in a connector. An upper case “N”, N refers to
t he nunber of a specific connector. Thus a SCSI passive interconnect is
characterized by N connectors and n signals. N is used instead of N
so that when referring to connectors or ports verbally there will be
distinction. Typically n ranges from1l to 27 for SCSI applications. N
is determ ned by the structure of the interconnect and ranges from2 to
18 (16 devices + 2 terminators) in nost cases.

Therefore, a SCSI passive interconnect many contain up to 18 x 27 = 486
ports. Each N th port can be represented by a matrix of n ports. The
structure of the matrix will be based on the names of the signals.

Each port is characterized by (1) the signal |aunched into the port and
the signal reflected back fromthe | aunched signal (2) the signa
transferred to the port fromother ports in the cable assenbly.

The signals delivered out of every port when the nost degraded all owed
signal is launched fromevery other port (one at a time), when the npst
aggressi ve noi se sources are present on all other ports that can couple
into the port under test, and when the resonant conditions are within
accept abl e bounds shall meet at |least the mininumrequirenents for a
recei ved signal

15.1 Local nei ghborhood concepts

[ This section was discussed in earlier neetings but will be retained in
the mnutes until transferred into the PIP document.]

For signals, the basic idea is to not test for interactions that are
insignificant to the port under test. For exanple in a flat cable
signals removed fromthe signal under test by at least 5 signal pairs do
not significantly couple into the signal under test and do not need to
be considered. The level of interaction deened to be significant is
left to be defined.

For physical constructions the dinmensional precision wthin which the
construction shall be considered identical is 1/10 of the rise |length of
the fastest signal to be used in the interconnect. This is



approximately 1 inch for 1ns rise tinme signals in shielded tw sted pair
media. In other words, two connectors placed 0.5 inch apart may be
treated identically regardless of which is actually tested. Simlarly,
t he placenent of connectors on nomnally identical flat ribbon cables
shal | be considered identical if they are within 1 inch of being at the
same position.

15.2 Length neasurenents

[ This section was discussed in earlier neetings but will be retained in
the mnutes until transferred into the PIP docunent.]

The I ength of the interconnect needs to be understood. For exanple
there are a few percent difference between different “length”
paranmeters. For exanple it nmay require 103 feet of wire to produce a
cable assenbly with 100 feet overall connector to connector path |ength.
(2-103 foot wires to produce a single 100 foot twi sted pair). Cabling
applied to a bundle of pairs (cable lay) also affects the total path

| engt h.

The electrical length is also inportant where the propagation tine is
part of the interest for the specification

The followi ng was proposed as the way that PIP will consider length
i ssues:

That the I ength paraneters be separated into two pieces:

(1) the physical length along the geonetrical center line (e.g. center
line of the jacket for round cables to the center |ine of the unmated
connector) of the conpleted cable assenbly (not necessarily the
actual wire length for any specific conductor)

(2) the propagation tinme between electrical access points (typically
connectors) in the cable assenbly

O her lengths such as those internal to the media will NOT be used as
descriptors in PIP. These internal |engths may be inportant for
creating accurate nodels but are not essential to specify howto do
proper neasurenents on cable assenblies and therefore do not belong in
the PIP effort.

15.3 Interoperability points

[ This section was discussed in earlier neetings but will be retained in
the minutes until transferred into the PIP document. Bill Ham extracted
this section and presented it at the last SCSI plenary, 00-404r0. A
version suitable for use in the SSM docunent resulted.]

Interoperability points are physical points in the system where
separabl e connectors exist and where it is required that the conponents
on either side of the connector may be supplied fromdifferent conpliant
vendors. Following is a list where interoperability night be expected
in a SCSI segnent. A “Y" followi ng the position designation nmeans that
this will be considered an interoperability point for PIP purposes.
Simlarly, a “N' followi ng the position designation neans that the point
wi || NOT be considered an interoperability point for PIP purposes.



Di sk drive connector nounted directly on the disk drive (Y)

HBA connector external connector (Y)
HBA i nternal SCSI connector to internal cables (Y)
HBA i nternal SCSI connector to the nother board (N)

Mot her board SCSI connector where the nother board contains the HBA (in
an ASIC) on board (Y)

Backpl ane connectors:

Any connector that directly accepts a disk drive or other SCS
device (Y)

Any connector that directly connects to an external cable assenbly
t hrough an expander on the backpl ane (Y)

Any connector on an external cable assenbly that connects to an externa
connector of an HBA (Y)

Any connector on an external cable assenbly that connects to an externa
connector of a disk drive array contai ning an expander inmedi ately
behi nd the external connector (Y)

Any connector on an internal cable that directly connects to a disk
drive or other SCSI device. (Y)

Question: should the external connector to a disk drive array that does
not contain an expander be considered an interoperability point? The
group agreed that this should NOT be an interoperability point unti
proven otherwi se in the SSM group. (N)

The external connector to a box that has external cable assenbly
attached and an internal cable assenbly attached internally to the sane
connector. (N)

Note: this neans that one nay NOT have a cable to cabl e connection at
the bul khead if interoperability is required.

Question: shoul d separabl e connectors that belong to terninators be
considered interoperability points? The group agreed that these
connectors should be included in the interoperability suite.(Y)

15.4 Approach to concatenated constructions

[ This section was discussed in earlier neetings but will be retained in
the mnutes until transferred into the PIP docunent.]

The group identified two basic situations:

In the first situation the SCSI passive interconnect performance is
consi dered under the conditions where the bus segnment interconnect
consists of a single nedia type and construction. For exanple, in this
situation, two dissinilar (e.g. round to flat) cable assenblies
connected together in series would not have an interoperability point at



the point of common connection. Sinilarly, a backpl ane connected
directly to a round shi el ded cable woul d NOT have an interoperability
poi nt at the backpl ane connector.

While the first situation is relatively easy to construct perfornmance
requi renents around, it |eaves several inmportant constructions w thout
clear definition.

Thus the second situation:

Four exanpl es are descri bed where interoperability is probably expected
in common constructions:

e where a short cable assenbly is used between the HBA and the bul khead
in a PClike packaging

e where a short cable assenbly is used between the disk drive and the
backpl ane

« where an HBA is used between the external bul khead and both interna
and external cables

e where an external cable is attached directly to a backpl ane

Each of these cases has the property that the perfornance at the
connector is significantly affected by the details of the passive

i nterconnect on BOTH sides of the connector. This conplicates
speci fyi ng uni que performance requirenments the connector because of
i nteractions on both sides.

Because these are inportant practical applications, some approach is
needed in the PIP work. This subject is left for further consideration
by the nodeling group and in future PIP efforts. Pending definition of
a viable strategy for these situation 2 cases work in PIP will be
focused on the situation 1 cases.

16. Project proposal for PIP - al

Bill Ham noted that the project proposal for PIP was approved at the T10
plenary in May. The project proposal is docunment nunber 00-238r0. The
proj ect nunber 1439-D. This nunbering inplies that PIP is a standard
and not a technical report. Bill Hamis actioned to check this out.

Mot i on Hanf Vaupotic that the PIP ad hoc recomend to the T10 pl enary
that the PIP project be to develop a standard (if that is not already
t he case).

6 in favor, 0 opposed, 3 abstain.

17. PI P docunentation - Daggett

This working group will proceed to develop an internal comittee
docunent Titled: “SCSI Passive |nterconnect Performance Requirenments”
whose schedul e is independent from SPI-x standards schedul e. Zane



Daggett is editor, Bill Ham and Greg Vaupotic are assistant editors.
The docurment will follow the sane general format as 99-219rx.

The docunent nunber is 00-160r x.

17.1 Topics for consideration for the passive interconnect test
docunent

[ This section was discussed in earlier neetings and nodified slightly in
this meeting. It will be retained in the mnutes until transferred into
the PI P docunent.]

The material in this section was reviewed fromthe | ast neeting as
possi bl e candi dates for consideration for the PIP docunent 00-160rx.

17.1.1 Conponents of passive interconnect

The follow ng constitute the basic building bl ocks of passive
i nt erconnect :

medi a (wire and backpl ane)

connectors

transition regions (connector termnation / conb out / |acing regions /
Vi as)

17.1.2 Construction

The foll owi ng physical constructions are part of PIP

Point to point:
two connector shiel ded
two connector unshi el ded

Mul ti drop:
mul ti connector shielded (e.g. external daisy chain)
mul ti connector unshiel ded
mul ti connector backpl anes

St ubs:
backpl ane stubs (length of conductor extendi ng beyond a term nator)
device circuit board stubs
unshi el ded cabl e stubs
shi el ded cabl e stubs

Overall length and specific placenent and properties of stubs are
essential parts of the description of the construction. Note that the
| ength and position may not be neasured in inches but rather in
nanoseconds.

In general the passive interconnects for SCSI are conplex nultiport
circuits whose performance nust be considered fromevery connector in
t he interconnect.



17.1.3 Specific technical concentration areas

e Cable assenbly design
« Non uniformnedia issues (e.g. twisted flat)
e Transition regions for cable assenblies
e« Connector performance specifications
* Connector variations
e Assenbly construction variations
 Backpl ane design
» Distance between connectors
« Trace inpedance
* Overall backpl ane size constraints
* Power and ground distribution

* Routing restrictions (e.g. no traces over breaks in
power/ ground pl anes)

e Holes for cooling air

e Mechanical rigidity

« EMC contai nnent

» FEffect of vias

« Effects of connector attachnent schenme (vias, pads)

e Proximty effects of extraneous materials near the signal paths
 Et cetera

e« EMC - reference SFF-8410 for CWPT and EMR for emissions - applies to
shi el ded versions only

e Susceptibility issue for backpl anes?

17.1.4 Test types

The followi ng table represents the present view of the candi date
nmeasur enent s



Table 1 Summary table for test paraneters for SCSI PIP
Test Level Applicability Section | Domai Condition Sample Comments
parameter (cable media, n configuration
backplane,
modeling, etc.)
SE local 1 All T
impedance
Diff local All
impedance
Extended Cable media F
Distance
Impedance
(Diff)
Capacitance Cable media, F
(SE) interconnect
assembly (L2),
backplane, modeling
Capacitance Cable media, F
(Diff) backplane, modeling
Propagation Cable media, T Within the pair
time interconnect
assembly (L2),
backplane, modeling
Propagation Cable media, T Pair to pair
time SKEW interconnect
assembly (L2),
backplane, modeling
Eye Interconnect T All lines active
diagrams assembly
(signal
degradation)
NEXT Cable media, T
interconnect
assembly, backplane,
modeling
FEXT Cable media, T
interconnect
assembly, backplane,
modeling
EMI Interconnect F Shielded versions
assembly only
D.C. leakage Interconnect [Impacts receiver bias
to ground assembly / D.C. offset]
HI-Pot Cable media,
interconnect
assembly, backplane
D.C. Interconnect Within the pair
resistance assembly
imbalance
Dielectric Cable media, F
constant backplane, modeling
variation w/

frequency
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Common 2 Cable media, Treat each pair as a
mode backplane, modeling single conductor
impedance
Common Cable media,
mode backplane, modeling
capacitance
Propagation Cable media, Within the pair
time modeling
Propagation Cable media, Pair to pair
time SKEW modeling
Eye Interconnect One line active
diagrams assembly, modeling
(signal
degradation
within the
pair)
Common Interconnect Need more + Signal to - signal
mode assembly, modeling discussion on balance within the
degradation whether this is pair (sum of the
difference)
level one or level
two type test.
Attenuation Interconnect
(within the assembly, media,
pair) backplane
Attenuation Interconnect Difference in voltage
skew (pair assembly, media, transfer function
to pair) backplanes between pairs
Rise time Interconnect The pair propagation
degradation assembly, modeling velocity
Common
modenoise
Dielectric Cable media,
constant backplane, Modeling
variation w/
frequency
ACR Cable media,
(attenuation Modeling
to cross talk
ratio)
TBD
Vector Modeling All matter of S
Network parameters.
Analyzer
(VNA)
tests???

[0] Create a definition field for each “media” Cable media, Interconnect assembly, Backplane, Modeling,

etc.

Interconnect assembly could include complete cable assembly or backplane with connectors.
Backplane is without connectors

Modeling in this table means results of these measurements maybe useful to users involved in model

creation, model verification or other analysis. Modeling may or may not require some or all “media” to be

tested.




Ext ended di stance i npedance

Capaci tance (SE, DF)

Frequency dependence of dielectric constant

Propagation tinme - differential signal for each signal pair
Propagation tinme skew - difference between pairs

+ signal to - signal balance - within the pair (bal ance degradati on)
Attenuation (voltage transfer function) - within the pair
Attenuation skew (difference in voltage transfer function between pairs)
Eye di agrans (signal degradation)

Ri se time degradation

Conmmon node (treat each pair as a single conductor) inpedance
Conmon node capacitance

Common node noi se

Near end crosstalk

Far end crosstalk

Attenuation to cross talk ratio (ACR)

EMC (CMPT, EMR) shiel ded versions only

The Level 1 and Level 2 approach described in SFF-8410 will be used.
Level 1 is required for perfornmance and has specific acceptable limts
defined. Level 2 is diagnostic and has no specific limts defined.

There is sone support for including additional swept frequency tests
(possibly as level 1 tests) but these have not been defined. The issue
of how to construct valid time donmain signals from frequency domain
measurenents is part of this discussion. Also the of the choice of
interoperability points significantly interacts with the test results
and needs to be considered.

The initial cut at the frequency/tine donain testing distribution is
i sted bel ow

e Local inpedance (tine donain)

e Extended di stance i npedance (frequency donain)

e Capacitance (SE, DF) (frequency donmi n)

« Frequency dependence of dielectric constant (frequency donai n)

e Propagation tine - differential signal for each signal pair (tine
domai n and frequency domai n — needs nore work)

e Propagation tine skew - difference between pairs (tinme donmain and
frequency domai n — need nore work)

e + signal to - signal balance - within the pair (bal ance degradati on)

e Attenuation (voltage transfer function) - within the pair (frequency
domai n)

e Attenuation skew (difference in voltage transfer function between
pairs) (frequency donain)

e Eye diagrans (signal degradation)

e Rise tinme degradation

e Conmmon node (treat each pair as a single conductor) inpedance

e Conmmon node capacitance

+ Common npde noi se

e Near end crosstalk (tine donmain and frequency donain — needs nore
wor k)



Far end crosstalk (tine donmain and frequency donain — needs nore
wor k)

Attenuation to cross talk ratio (ACR) (frequency donain)
EMC (CMPT, EMR) shiel ded versions only (frequency donain)

The follow ng represents the present thinking on the division of tests
between the level 1 and |evel 2 types.

Level 1

Local i npedance

Ext ended di stance i npedance

Propagation tinme - within the pair

A. C. signal degradation - all pairs to clock (Full signa
characterization - e.g. Eye di agrans)

D.C. | eakage to ground [inpacts receiver bias / d.c. offset]

A. C. bal ance degradation within the pair (+ signal to - signa
bal ance / conmon node)

End to end d.c. resistance difference within the pair
Capaci tance (SE, DF)

Near end crosstal k (for noise i nduced on wired-or signals)
Far end crosstal k (for noise induced on w red-or signals)

EMC (CMPT, EMR) shiel ded versions only

Level 2

Si gnal degradation within the pair (Full signal characterization -
e.g. Eye diagrans [note that the full set of signals with respect to
the clock is the level 1 requirenent — a single signal perfornance is
not adequate (exanple being different jitter and proptine on

di fferent signals)]

Ri se time degradation

Frequency dependence of dielectric constant

Attenuation to cross talk ratio (ACR)

Attenuation (voltage transfer function) - within the pair

Attenuation skew (difference between voltage transfer function pairs)
- pair to pair

Propagation time skew - pair to pair

Probl em areas needing future attention - not classified yet:

Conmmon node i npedance
Conmon node capacitance
Conmon node noi se
Resonance effects



17.1.5 Instrunentation / neasurenent nethods:
e Bal uns

e Eye diagram/ signal degradation testing (including cross talk noise)
e Filtering schenes for eye pattern generation

These topics are in addition to other issues already identified for
nmedi a.

17.1.6 Acceptabl e performance val ues

Al level 1 tests will have specific acceptable val ues proposed

18. Starting point for specifying application of tests

The follow ng configurations were agreed to be used for the next steps
i n devel opi ng specifications for the application of the tests.

SIMPLEST POINT TO POINT

SIMPLEST MULTIDROP

UNMATED CONNECTOR

The point to point construction allows inclusion of connectors and
transition regions, multiple line cross talk, resonance issues and ot her
i ssues not previously considered in uniform cable nedia.

The sinplest multidrop construction adds a single connector and greatly
i ncreases the nunmber of possible interactions between lines as well as
addi ng a known non-unifornity in addition to the connectors and
transitions regions in the point to point construction



Clearly these sinple constructions do not have the desired conplexity of
sone interesting applications. These nore conplex constructions, such
as backplanes will be considered after we conplete these initial
constructions. [Note: the conplexity for these sinple constructions is
significantly greater than that previously considered.]

18.1 Definitions for the docunent - Barnes

Not addressed at this neeting.

19. Architectural definitions

This refers to issues |ike defining the test points, nonenclature, and
the like. It was decided to use the same conventions conmonly used for
nodel i ng and transnission lines if possible. Larry B to propose a
specific syntax for the next neeting.

Al'l measurenents will be through a mated connector. This neans that the
test fixturing specification will be critical since part of the tested
interconnect will remain with the test environnent and part will be

renpvable with the | UT.

Zane is creating a summary table for all tests defined above and to
start the docunent.

It was agreed that a special filtering function is needed for some tests

to account for the filtering that may occur in the receivers. See 00-
149r0 for nore detail.

20. Next neetings

Approved schedul e:

February 20-21, 9AMto 5 PM 02/20; 9AMto 12PM 02/21, Cypress / Anaheim
CA (Foxconn)

Request ed schedul e:

April 3-4, 2000 9AMPMto 5 PM 04/03; 9AMto 12PM 04/ 04 Worcester, MA
( Madi son)

21. Action |Itens:

21.1 Ad action itens from previ ous neetings

Larry Barnes to acquire data fromthe polished coax probe nethod for
dielectric constant frequency variations.



Status: equi pnment now in hand, test results now expected before Decenber
nmeeting due to tine availability

Zane to provide data fromthe HP slab nmethod for dielectric constant
frequency vari ations
Status: carried over

Bill Hamto post the minutes to the T10 web site
Stat us: done 00-379r0

Zane to create a sunmary table for all tests defined above and to start
t he docunent.
Status: carried over

Larry Barnes to ook at |ist of proposed tests and suggest revisions /
additions to incorporate possible frequency donain tests and design
val idation tests and production tests.

Status: carried over

Larry B to propose a specific syntax for defining the test points,
nonencl ature, and the like for the next neeting.
Status: carried over

Greg and Jie to prepare a detail ed proposal for sanples, nmeasurenents to
be performed, and logistics for round robin 2.
Status: done by Greg due to Jie changing jobs

Hamto sel ect 2 boards for use in the backpl ane round robin.
Status: partly done carried over

Uresh to propose a set of tests to be used including things |ike test
fixtures and specific slots to be neasured.
Status: done 01-014r0 (Manildi)

Greg Vto provide Larry with pol yethyl ene sanpl es per section 13.
Status: done

Bill Hamto create a docunent outlining the interoperability points
i ssues for SCSI
Status: done 00-404r0 and presented to T10 pl enary

Larry Barnes to place his spreadsheet for backplane on the T10 web site.
Status: done

Bruce Manildi to put the presentation fromthe extended set of cable
nedia on the T10 web site.
St at us: done 00-385r0

Uresh to create a draft docunent describing the details of and results
fromthe cable nedia round robin 1 for the next neeting
Stat us: done 00-386r0

Martin to create a proposal for cable assenbly round robin 1
Stat us: done

Larry Barnes to conplete the work outlined in the table relating to the
frequency dependence of dielectric constant.
Status: carried over



Bill Hamto extract this section on interoperability points for
presentation at the next SCSI plenary nmeeting and to produce a version
suitable for use in the SSM docunent.

Status: partially done - the SSMpart is carried over

Uresh to select 2 boards for use in the round robin.

Status: carried over pending permssion fromthe owners of the board
desi gns

Ham to select 2 boards for use in the round robin.
Status: carried over pending permssion fromthe owners of the board
desi gns

Uresh to propose a set of tests to be used including things |ike test
fixtures and specific slots to be neasured.
Status: carried over

21.2 New actions fromthis neeting

Bill Hamto post the minutes to the T10 web site
Status: new

Uresh to deternmine if/when the data spewi ng card could be nmade avail abl e
to the industry for use in PIP applications.
Status: new
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