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1. Introduction



Zane Daggett, chair, opened the neeting, thanked the host, conducted the
i ntroductions, and reviewed the nmeeting purpose.

2. Attendance

The follow ng were present:

Nare Organi zation | e-mai | Phone

Lee Hearn Adapt ec Lee hear n@dapt ec. com 408- 957- 6853

Ri chard Adapt ec Ri chard_ncm | | an@dapt ec. com 408- 957- 6025

MM || an

Greg Vaupotic | Anmphenol gvaupoti c@pectra-stri p. com 203-287- 7425
Spectr a-
Strip

Bill Ham Conpaq Bi || _ham@ x. net com com 978-828-9102

Bob Gannon El ectroni ca bgannon@net . net 860-537- 6800
Pant er a

Larry Barnes For el forel @ci sys. net 719- 265- 9679

Zane Daggett Hi t achi zdaggett @cm hitachi.com 603- 669- 4347
Cabl e X. 236

Thom Kr eusel HP t hom kr eusel @p. com

Ji e Fan Madi son jie.fan@mdi soncabl e. com 508- 752- 2884

x 306

Ri chard Uber Maxt or ri chard uber @maxt or.com 508- 770- 2568

Martin Mol ex nogbuoki ri @ml ex. com 630-527- 4370

Qgbuokiri

Uresh Chandra | Seagate unmesh _chandra@eagat e. com 831-439- 7264

H manshu Seagat e hi manshu. r. desai @eagat e. com 831-439-5282

Desai

Paul Al oi si Texas paul al oi si @i.com 603- 222- 8687
I nstrunents

Don Getty Texas donal d getty@i.com 408- 246- 3100
I nstrunents Ext. 41

3. Agenda devel opnent

The agenda shown was that used.

4. Approval of previous mnutes

Motion (Ham/ Barnes) that the draft mnutes fromthe previ ous neeting
be approved as nodified. Mtion passed unani nously.

The met hodol ogy for mnutes uses the draft/approved mnutes schenme with
posting to the t10 web site of the mnutes 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 listed belowin the action
itens section.

6. Adm nistrative structure:

The present administrative structure is:

Chai r: Zane Daggett, Hitachi
Vice Chair: Geg Vaupotic, Anphenol Spectra Strip
Secretary: Bill Ham Conpaq

7. Review of industry activities

Bill Hambriefly reviewed the T10, T11l, and SFF activities relating to
testing and nodeling. He noted that the T11l nodeling activity has had
its eighth neeting and is in the process of producing its first draft
docurment whi ch has been posted on the T11l web site. The next FCSM
neeting is scheduled for T11l week in April 2001.

Bill noted the present activities relating to 3 gig and 4 gig speeds as
the next stop for Fibre Channel disk drive interface.

The SFF SSWGES on hi gh speed serial performance has adopted a duality
policy where either tine or frequency domain is acceptable. This
requi res use of special conversion tools provided by at Speed. Test
fixture effects are taken into account right at the interconnect
boundary. Agreement of better than 2% was denonstrated for 1 G gabaud
signals created by transform ng TDT neasurenents into frequency donain
and back again (convolving with the data pattern used) and direct
neasur enent of eye di agrans.

8. Presentations on new topics

8.1 Differential capacitance testing for PIP, Geg Vaupotic Spectra
Strip

G eg presented the case that the differential capacitance nmeasurenent as
docunented in SPI-3 and SPI-4 is not practiced. He recomrended that we
remove this measurenent mnethodol ogy fromthe suite and substitute an
extraction method. Differential capacitance will be extracted froma
calculation fromdifferential inmpedance (square root of L/C) and
differential propagation tinme (square root of LxC). Sanple lengths are
to be determined and may vary with construction.

Geg is actioned to prepare a detail ed proposal for the revised
measur ement process.



8.2 Specifications that fall outside of the present SCSI specifications,
Greg Vaupotic, Spectra strip

The subj ect of whether closed systens (i.e. systens that are used with a
speci fic set of conponents in a specific configuration) are part of PIP
It was pointed out that the measurement processes supported in PIP are
all ained at open applications but that the nmeasurenent nethodol ogies
could be applied with different pass/fail criteria to allow level 1
testing for closed systens. O specific concern is |ower inpedance bul k
cabl e when used with | oaded sections. This |ower inpedance is only
valid if certain loading distributions are in place in the sane segnent.

PIP took a formal position in August 2001 that the open concept would be
t he one supported

A discussion of this issue will be placed in the overview section of the
Pl P docunent .

9. Presentations on old topics

9.1 Survey of current (last 10 years) literature on PIP - type
neasurenents and design, Larry Barnes, FOREL Enterprises

Larry presented approximately 20 sources of material that relate to PIP
neasurenents. Larry is actioned to conbine these files into a single
file and post on the T10 site. Folks are encouraged to | ook at theses
references and deternmine if any content is relevant to the PIP project.

10. Effects of non-uniformties and/or periodic structures

no new di scussi on

11. Round robins

A new docunent has been created to docunent the details of the round
robin testing activities for PIP that have been substantially conpleted.
Al'l details for conpleted round robins will be contained in this new
docunent and will be renmoved fromthe active mnutes. At the nonent the
only round robin in this category is cable nedia round robin 1. Please
see the new docunent “PIP round robin testing” for information about
cabl e nedia round robin 1.

The followi ng notion made in a previous nmeeting is retained due to its
i nportant content for round robin testing.

Moti on Daggett/Martin O that sanples used for round robins will be
identified by the manufacturer of the sanples in the active m nutes
unl ess the manufacturer specifically requests that his sanple be
identified in a way that does not indicate the manufacturer. It is
understood that the final published results and details in the “PIP



round robin testing” docunent will not contain any manufacturer
identifications.

Mot i on passes 11/0/1

11.1 Bulk cable round robin 1

This round robin is no |onger active

[Data fromthis round robin has been transferred to 01-076.

11.2 Bul k cable round robin 2 (Expanded paraneter set), G eg Vaupotic,
Amphenol Spectra Strip

[Material in this section is retained in the mnutes until such tinme as
the report for this round robin is conplete enough to transfer to 01-
076. Progress was nmade - see section on status]

Round robin 2 is based on a significantly nore preci se specification of
t he measurenent details than round robin 1

OBJECTI VE

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

DATA PRESENTATI ON

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.

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

Report inpedance as differential Chms. “Attenuation” shows gain as
dB / neter.

Report Propagation tinme Skew as neasured (e.g.: 127 ps / 25 neter

| ength) as table (Excel).

SAMPLES
Al'l sanples are 25 neter length. Unshiel ded sanples (tw sted pair
ri bbons) are to be suspended fromceiling, with mninmof crossovers
and keepi ng sanple as spread out as possible (to mnimze crosstalk
effects).
Sanple 1 Round twi sted pair cable having overall shield, 28 AWG 7- 36
TC (H tachi)

Measure pairs 1 (Heat shrink 1), 7 (Heat shrink 2), and 34 (Heat
shrink 3) (each pair to be secured with heat shrink tubing)
Sanple 2 Round twi sted pair cable having overall shield, 30 AWs solid
TC (Madi son)



Measure pairs 1 (Heat shrink 1), 7 (Heat shrink 2), and 34 (Heat
shrink 3) (each pair to be secured with heat shrink tubing)
Sanple 3 Twisted pair ribbon having no flats. (Spectra-Strip)
Measure pairs 1, 3, and 5 (wires 1-2, 5-6, and 9-10)
Sanple 4 Twisted pair ribbon having flats at TDB inch intervals
(Hitachi)
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 from1 to 1000 MHz, |l og sweep. In
addition to recording sweep, record actual val ues (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 W
shunt and two 47 W series resistors (1/8 W5% carbon).

Method A Calibrate by storing fixture response. Then neasure sanpl e.
Then renove fixture response. (“normalized”)

Met hod B Full 2-port calibration. Use 121 W £ 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 nmeasurenent is made. For “thru”, attach both fixtures together.

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

Method D Full 4-port calibration. Calibrate for 122 W environnent
(software “corrects” for Z2).



DI FFERENTI AL | MPEDANCE

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

1000 MHz,

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

use 401 points.

4-port Network Anal yzer Method

Met hod F Full
W envi ronnent .

calibration of one differential

SKEWPAIR to PAIR

port.

Record from 10 to

Calibrate for 100

Per SPI-3 TDR nethod. Please record propagation tinme of each | eg of each

pair.

Pair propagation time is the average of these two readi ngs.

this allows us to exam ne within pair skew.

Doi ng

Pair #

Propagati on
time + signal

Pr opagat i on
tinme - signal

Pair propagation tine
Aver age (+,-Siq)

1 (or shrink
1)

3 (or shrink
2)

5 (or shrink
3)

LOGE STI CS

Conpani es providing a sanple will
Round cabl e sanpl e shall

pads.

The first person on the list wll
second to the third,

be on spool s.

and so forth.

send sanples to second person.

send to first nane on below |ist.
Fl at cabl e sanpl e shall

be on

The

Conpany Per son Addr ess
Anphenol Greg Vaupotic [ 720 Sherman Ave greg. vaupoti c@net . ne
Spectra-Strip | (203) 287- Hamden CT 06410 t
8725
H tachi Cabl e | Zane Daggett 900 Holt Avenue zdagget t @icm hi tachi .
(603) 669- Manchester NH 03109 | com
4347
Madi son Cabl e | Jie Fan 125 Goddard Menori al jie. fan@madi soncabl e.
(508) 752- Dr. com
2884 Wrcester MA 01603
Seagat e Uresh Chandra | 4585 Scotts Vall ey Uresh_chandr a@eagat e
(831) 439- Drive .com
7264 Scotts Valley CA
95066
Madi son Cabl e | Jie Fan 125 Goddard Menori al j1e.fan@mdi soncabl e.
(retest) (508) 752- Dr. com
2884 Wrcester MA 01603
H tachi Cabl e | Zane Daggett 900 Holt Avenue zdaggett @cm hi tachi .
(retest) (603) 669- Manchester NH 03109 | com
4347
END Amphenol | Greg Vaupotic | 720 Sherman Ave greg. vaupot i c@net . ne

Spectra-Strip

(203) 287-

Handen CT 06410

t




[8725

TEST METHOD CAPABI LI TI ES

Tabl e bel ow shows antici pated test

capabilities of participants.

Balun Balun 4-port 4-port Hybrid “4-port”
Conpany A B C D E F
Anphenol yes yes maybe maybe yes maybe
H tachi yes yes no no yes no
Cabl e
Madi son no no yes yes no yes
Cabl e
Seagat e yes yes no no yes no
Adapt ec t bd t bd yes yes t bd t bd




APPENDI X 1

Hybrid Junction Test Fixture

The hybrid junction converts an unbal anced 50 W i nput into two bal anced
50 W out puts (two signals having 180° phase, 100 W differential). The
sel ected hybrid junction is the M A-COM

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

180" PHASE FIXTURE MADE WITH
SHORT PIECES OF
50 OHM . . 141 SEMI-RIGID COAX
TERMINATION SOLDERED AT ENDS
M/A-COM
H-183-4
A C
COAX TO 6 dB : <_/—>
NETWORK ~ ATTENUATOR 0 PHASE
ANALYZER 3 PLACES ABOUT 3 INCHES

QUTLINE for Calibration Procedure

Attach fixture to analyzer port 1. Sem -rigid coax strongly

r econmended

Preset Network Analyzer to default condition. Then set analyzer to:
Power = 10 dBm Points = 401 Li near Sweep (?7?) Start = 10 Mz
Stop =1 Gtz

30 Hz | F 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 sem -rigid coax fixture (which,
havi ng no sanple attached, is an “open” circuit)

Set analyzer to | ook at S11 Phase. Set phase scale to 10° per

di vi si on.

Enabl e port extensions

Adj ust port-1 extension for 0° across the frequency range (expected
for an open circuit). This conpensates for the fixture s propagation
propagation tine. 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 small undesired parasitics
(Port extension for above fixture is about 380 ps.)

Set the analyzer to | ook at Sl11 Set Z Reflected = On Set scale =
Li near

I nportant — The anal yzer has been calibrated to 50 W. The actua

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

Measur enent usi ng Open/ Short Met hod
Two nmeasurenents 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 follow ng equation:

Z = \/(ZOPEN N Zgyort) This is the value to
report.

11.2.1 Status of bulk cable round robin 2

[Geg V. presentation in February 2002:]

Geg presented data fromthree different conpanies at the February
neeting. There was general agreenent between Spectra Strip and Seagate
on the S21 data for round cable while the Madi son data di verged
significantly fromthe other two for twist and flat bul k cable.

One mgj or difference was that Madison used a 4 port network anal yzer (no
bal uns) while Spectra strip and Seagate used a 2 port with a bal un.
There was no agreement on whether the 4 port or the 2 port was nore
accur at e.

Seagate’s first data showed significant structure above approx 500 Mz
whi ch may be due to the details of how the balun fixture was built.

The possibility of additional resonant conditions caused by the details
of the measurenent was raised.

For twist and flat sanples there was serious di sagreenent between the 2
port with baluns and the 4 port with no baluns. The 4 port nmeasurenents
nmade the sanpl es appear nuch better. Oher details of the neasurenent
process were also identified. Sone additional experimentation is
expected to be done by Anphenol Spectra Strip before the next neeting.

In any case there are critical details that nust be tied down before we
have any confidence in high frequency measurenents or on non-uniform
constructions.

[End of status update for February]

Madi son (retest) now has the sanples and will forward to Hitachi
(retest) in the sequence shown in the chart.

Al'l sanples are 25 neter |ength.

Hi tachi Cabl e Manchester: Sanple 1

Round twi sted pair cable having overall shield, 28 AW 7-36 TC (Hitachi)
Prep both ends:

pair 1 (Heat shrink 1),

pair 7 (Heat shrink 2),

and pair 34 (Heat shrink 3) (each pair to be secured with heat shrink

t ubi ng)

Madi son: Sample 2



Round twi sted pair cable having overall shield, 30 AW solid TC
(Madi son)

Prep both ends:

pairs

1 (Heat shrink 1),

7 (Heat shrink 2),

and 34 (Heat shrink 3) (each pair to be secured with heat shrink tubing)
Spectra-Strip: Sample 3

Twi sted pair ribbon having no flats, 30 AWG Solid TC

Zane: Sanpl e 4

Twi sted pair ribbon having flats at 250mmintervals (Hitachi)

Seagate has an update in August neeting in the formof 01-256r0.

Differences in the data presentation between the Seagate and the
Amphenol of approximately 20 dB were noted. It was determined that this
difference is probably due to the attenuation of the test fixture being
included in the data presented by Seagate.

This is yet another exanple of the critical inportance of follow ng the
details of the instructions for executing both the neasurenent process
and the data presentation process if one desires to have agreenent.

Geg foresees a followon round robin with a nore conplete suite of
tests and draft procedures including both those used in round robin 2
and other tests not included in round robin 2 but viewed as useful.

Status: Seagate has corrected the neasurenment process and has forwarded
to Geg V. Gegis preparing a summary of results. Agreenent is vastly
improved with this correction (to within I ess than 1dB).

The cables are now on their way to Hitachi.

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

[New i nfo in February]

Present status: LSI, Seagate, and Maxtor has conpleted the first round
and the boards will be passed to JPM Seagate has significantly
progressed on the results report.

[Bel ow this point material is retained until round robin is conpleted.]
This effort is needed to add backpl ane testing nethodology to the test

suite. The basic idea is to acquire sone snall selection of SCS|
backpl anes and send these around for testing at different conpanies.



Uresh is actioned to select 2 boards for use in the round robin
Uresh has docunented the procedure in 01-132r0.
Partici pants include: Seagate, LSI Logic, Maxtor, JPM

Uresh has certain hardware that could be useful in exciting the

i nterconnect under test. This round robin will focus on the “Data

spewi ng” card (disk drive card) (renamed in this nmeeting to SSDB) with a
data interface through the SCA connector that allows progranm ng of the
data pattern through an HBA using the SCSI transport.

Motion Ham/ Unesh that PIP will docunent a cost effective eye diagram
based test nethodol ogy for passive interconnect that will be part of a
test suite for performance requirenents.

Mot i on passes 10/0.

It was agreed in the August 2001 neeting that a SCSI signal driver board
(SSDB) will be used for eye diagram based testing. This board should be
able to control the signal rise tine, signal anplitude, fall back |evel
and possibly other paranmeters. A methodol ogy of adjusting the

requi renents at the receive mask to account for the fact that the SSDB
does not deliver the worst case allowed signal will be used

11.4 Cable Assenbly round robin 1, Martin O, Mol ex

[ No new update in February 2002]

The present (20011211) st atus:

Foxconn (Jason Chou) conplete, JPMhas conpleted, Mlex conplete
next to C&M which is the end. Sone i nconsi stencies are being
found with the attenuation data due to test fixture differences
Si gni fi cant inconsistencies have been found. Large contributions
to cross talk are coming fromthe connectors and transition
regions in the cable assenblies

Consensus is that the text fixture design used by Ml ex should be the
docunmented in PIP for the paranmetric nmeasurenments. No signa
degradation data is available due to |l ack of SSDB s. Assunpti on
is that the text fixture for cable assenblies is an SSDB which
i ncludes an adapter assenbly if required to accommbdate the
i nterconnect assenbly under test.

[material after this point is retained in the mnutes until transferred
to the round robin results docunent. ]

Martin O presented his view of the content and timng of this round
robin. As there was not enough tine to explore all the details in this
neeting needed to structure a “good” round robin a reduced, two conpany
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



As this is the first attenpt to do a round robin on cable assenblies and
since the details of the tests for cable assenblies are still not
defined this round robin nust be considered as a prelinminary

i nvestigation of test nethods.

11.4.1 Update / con call minutes review, Martin O, Bob G

Docunent contains minutes fromtwo separate tel econference

Notes by Martin O from 2/15/01 Tel econference for PIP round robin
cabl e assenbly testing
1. Update on the PIP round robin cable assenbly:

a) The followi ng cable assenblies have been recei ved by Ml ex:

Sanple A-[30 (7/38) AWs non shielded flat multidrop Mcro Quick
Twi st] Hitachi Cable Manchester

2mtotal length built froma 2m section of the 10m supplied
500mm center to center drops with a total of 5 HD68 connectors

Sanple B-[30 (7/38) AW non shielded round nultidrop] Madison
Cabl e Corporation

2mtotal length built froma 2m section of the 10m supplied. 500mm
center to center drops total 5 connectors HD68 Connectors

Sanpl e C-[30 AW5 solid non shielded twi sted flat point to point]
Spectra-Strip (Anphenol) (without flats on the ends)

6mtotal length built froma 6m section of the 20m supplied. VHDC
connectors on the ends (last resort HD connectors)

Sanple D-[30 AWG solid shielded round point to point] Mdison
Cabl e Corporation

6mtotal length made from 6mof a total of 20m supplied

VHDCI connectors on the ends.

Sanpl e E-[34 AWG solid shielded round point to point] Tenmp-flex
6mtotal length made from 6mof a total of 20m supplied
VHDCl connectors on the ends.

2. There were concerns that the idt termination will be damaged
after several repeated plug in and plug out in the course of
testing. A couple of renedies were suggested: 1) To nake severa
sanples with identical characterizations. 2) To use adapters to
protect the danage to the connector/cable term nation. 3) To
elimnate damaged lines in the course of the round robin and
collect data only where the lines are in good condition.

3. | npedance Measurenent:
Net wor k anal yzer inpedance neasurenent was rul ed out as an option
because of neasurenent difficulties for the sanple | engths.
Everyone in the nmeeting agreed to use TDR neasurenent instrunent.
Al so everyone confirned he or she has TEK 11801 avail abl e

There was a neasurenent resol ution concern nmeasuring wth |aunch
signals at 1 ns. It was suggested to add i npedance neasurenent at
| aunch signals of 500 ps risetine.



4. Attenuation neasurenent:
It was pointed out that the SPI-4 spec recommended attenuation
measurenent with raw cable |l engths that can yield 6 dB | oss.
Since the cable assenblies are fixed in length, the group plan to
cone up with neasurenent nethod to be reviewed in the next week
nmeeting. This was an action itemfor Ml ex.

5. Group nenber update:

Notes by Zane D. from 12/19/00 conference call as amended in this
nmeet i ng.
1. Discussions on cables to use for the test.

a. Cabl e assenblies?

b. Point to Point!

c. Multi-drops!

2. Availability of connectors and tooling.

3. Cabl e shipping packagi ng and total |engths.
a. See above

4. Time frame for cable delivery and shi ppi ng address.

a. Send to Bob Gannon
b. By the 29'" of Decenber all sanples should be in Bob Gannon's
hands. Attn: Mario Sahagun
JPM Pant er a
Mont emor el os No. 121
Fracc. Loma Bonita
Zapopan, Jalisco 45060 Mexico

5. Run down of tests to be conducted by Ml ex and JPM

a. Attenuation [1Miz to 1Ghz]

b. Crosstalk [ NEXT & FEXT - TDR]

c. Inpedance [Diff- first conpany to test needs to organi ze a
conf. call to discuss test paraneters TDR]

d. Propagation tinme [Tine Domain TDT] for entire |length

e. Nunber of pairs to test is 6 pairs. 2 pairs fromthe center 4
pairs against the shield. 1In the case of flat cable, test 2
from each edge and ACK and REQ in the inner pairs of the cable.

f. Basically data pairs 10, 11, 12 & 13 then ACK and REQ pairs.
However, Bob Gannon can change these paraneters if he feels it
is necessary. It is requested, though, that we | eave ACK and
REQ in the pairs identified.

6. Tine frame for phase 1 cable round robin test.
a. February 6'" is the final deadline for testing
b. It is requested that JPM and Mdl ex conplete the testing by the
February neeting.
c. All sanples will be sent to Bob Gannon at JPMthen built and
tested by JPM
Bob Gannon of JPMwill forward sanples to Martin O at Ml ex.
e. Martin O of Mlex will make fixtures and send them onto Bob
Gannon by January 5"
f. Bob Gannon will need to test and send sanples to Martin at
Mbl ex by the 16'" of January (Bob to coordinate other time
arrangenments with Martin). Both JPMand Mol ex will present

o



results at the next nmeeting in February, schedule in S
Cal i forni a.

g. Ken Plourde Temp-flex to subnmt sanple E to Bob Gannon by
Friday Feb 23. Bob will make the assenbly and send to Martin
at Mol ex by March 02.

The following is detail of Martin O s proposed test procedures for cable
assenbly round robin 1.

hj ecti ve:
This note describes a set of test to characterize the electrical performance of cable
assemblies for the cable assembly round robin test. Test will be conducted at different
locations and data and methods compared for measurement data consistencies. This will be
accomplished by measuring several samples, and results compared later. Most Round-Robin
participant will not be able to conduct all tests, each will do what they can.

Sanpl es:

Sanple A-[30 (7/38) AW non shielded flat] Hitachi Cable
Manchester Mcro Quick Twist with 2mbuild sanpling 10m
500mm center to center drops total 5 cables HD Cabl es

Sanple B-[30 (7/38) AW non shielded round] Madi son Cable
Cor poration Round non-shielded with 2m build sanpling 10m
500mm center to center drops total 5 cables HD Cabl es

Sanple C-[30 AWG solid non shielded round] Spectra-Strip
(Anmphenol ) Flat Twisted cable (with or without flats on the ends)
with 6mbuild sanpling 20m

Point to point at 6m VHDCI cabl es

Sanpl e D-[30 AWG solid shielded round] Madi son Cabl e Corporation
Round shi el ded cable with 6m build sanpling 20m Point to point at
6m

VHDCI cabl es

Test Paraneter:

Attenuation [1Mhz to 1CGhz]

Crosstal k [ NEXT & FEXT - TDR]

| npedance [Diff- TDR]

Propagation tine [Time Domain TDT] for entire | ength

Nurber of pairs to test is 6 pairs. 2 pairs fromthe center,
pairs against the shield. |In the case of flat cable, test 2

rom each edge and ACK and REQ in the inner pairs of the cable.
Basically data pair 10, 11, 12 & 13 then ACK and REQ pairs

R iR

Test Equi pnent :
Net wor k Anal yzer
TDR
Mol ex Proprietary Test Fixtures
Coax Test Leads
Differential Baluns

agrNdNE

Attenuati on:

Frequency domai n Measurenment conducted in differential node.
Record S;; using log scale. Use 30 Hz | F bandwi dth. For better
resol ution, use 1601 points. Record from 1Wiz to 1GHz. Use Log
frequency sweep. Also record values at 80, 160, 200, and 320 Mz.



Test Set up:

Py 1 Net wor k
ort anal yzer Port 2
1 —
\Ei fferential /
al uns
At t enuat or

20 dB

Cabl e Under

| npedance
Mat ched Net wor k

Figure 1 - Test setup

Test conditions
A network analyzer is used both as the source of the test signal and as a
means of measuring the cable attenuation.

The cal kit contains the precision coax cables and the connector system
whose models are stored in the analyzer memory for error correction
purposes.

Test Fixture Board Validation

Measure the impedance of the test fixture board with a 35 ps launch
signal. The impedance of the SMA or launch pad on the board shall
remain in the range of 50 to 65 ohms for a 61 ohm controlled impedance
board. See fig. 2 for a comparison profile between traditional and



acceptable test fixture board impedance for measurements up to 10 GHz
signals. For the case of the traditional impedance profile, use matching
impedance network to reduce the effect of the SMA or pad. The blue
curve is acceptable. The red curve is not acceptable.

200 200 T T T T T T T T T T
180 —
160~ —
140 —
impe> 1201~ —
imped?™”

—_— 100~ —
sk |
ok |
o |

31183 5 | | | | | | | | | |
84410 ° 84610° 84810° 8510° 85210 ° 85410 ° 85610 ° 858100 8610 ° 862100 86410 0 86610 O
84510 8 imped©> 8654155,

— 735 ps traditional
=== 35 pscurrent

Figure 2 - Test board validation

Measurement Issues:

For a long electrical delay device such as a cable, the network analyzer presents some
unusual measurement problems when operating in swept frequency mode. Often the
measured response depends on the analyzer’s swept time, and incorrect data may be
obtained. The magnitude of the response can drop at faster sweep rate and look distorted. At
slower sweep rate correct magnitude can be measured. The result may indicate that a cable
has more loss than it truly does or it may indicate presence of ripples which is truly not there.

The cause of the measurement problem arise when using a network analyzer to measure a
devise that has long electrical delay, dt, the device’s time delay causes a frequency shift
between it's input and output signals. The frequency shift, df equals the product of the sweep
rate and the time delay.

Since frequency is changing with tinme as the anal yzer sweeps, the
time delay of the DUT causes a frequency offset between its input
and output. In the analyzer receiver, the test and reference input
signals will differ in frequency by df. Because the test signal
frequency is slightly different than the receiver frequency, the



analyzer will err in neasuring its magnitude or phase. The faster
the anal yzer’s sweep rate the | arger df becones, and the |arger
the error in the test channel

To inprove the neasurenment accuracy, decrease the sweep rate or
decrease the tinme delay. W will choose to decrease the tine
delay. Since the tinme delay is the property of the test device
the better thing to do is decrease the delay difference between
the R channel and the B channel. This can be achi eved by adding a
Il ength of cable with equal electrical length as the test device.
This Iength of cable can be inserted between the R channel in and
out connectors on the front panel of the analyzer. The del ay of
this cable nust be | ess than 5 usec.

Differential |nmpedance:

The i npedance will be nmeasured using a Tinme Donmain Refl ectoneter
(TDR) system TDR enploys a step generator and an oscill oscope to
capture signal reflections due to device discontinuities. This
test will use a 500 psec risetine step signal for the | aunch
signal. As the step propagates through the test fixture and the
cabl e under test, any discontinuities will cause voltage
reflections back into the scope. These reflected voltages are used
to calculate the reflection inpedance of the cable under test.

Test conditions

A Time Domain Reflectometry system (TDR) is used both as the source of
the test signal and as a means of measuring the reflected signals of the
test device.

Two precision coax cables whose characteristic impedance matches the
impedance of the TDR system, are used to connect the test fixture to
the TDR system.
The launched signal is adjusted for 500 psec. risetime.

The schedule and sequence is still under development: the first three are

Molex, JPM (has it now may go back to Molex for new test fixture, and
Madison, Hitachi, Foxconn, TDA, C&M, Tempflex, Amphenol (AIPC)?,

Propagati on Ti ne:



Applied
Voltage

Voltage

S50%

Py

to _ 1
Time

Figure 3 - Propagation tine nmeasurenents

Use the TDR to neasure the propagation tine. Capture the input
signal at the receiver and store in the instrunent nenory. Connect
the cabl e assenbly and capture the output signal

The cable propagation delay will be determined by establishing
the difference between t; and t; (See fig. 3). This will yield the
cable delay performance.

Test conditions

A Time Domain Transmission system (TDT) is used both as the source of
the test signal and as a means of measuring the propagation delay of the
system.

Two precision coax cables whose characteristic impedance matches the
impedance of the TDT system, are used to connect the test fixture to
the TDT system.

The combined test system/fixture step response time should be equal to
or less than the cable step response time.



Crosstalk:

This test will evaluate the cross talk performance for differential pairs of SCSI cable
assemblies.

Test Conditions:

Source Signal: 504 mV p-p differential

Sour ce Resistance: 100 ohns differential matched to 122 ohm board
trace split differential.

Term nation Resistance: 122 ohns split differential

Signal risetine: 500 psec. (20 — 80%

S: G Rati o based on SPI-4 pin-out

Tek 11801C Scope

Proprietary designed test fixture boards, inpedance controlled 61
ohm

Si ngl e ended.

| npedance matched risetime filters

Test Data Presentation:

Impedance
Ohms (risetime: 500 ps)

Data Lines Round Cable Twist/Flat Twist Only Comments
DB12
DB13
ACK
REQ
DB10
DB11

Attenuation

Round Cable

DB/m
Data Lines | 3 dB BW 80 MHz 160 MHz 200 MHz 320 MHz
(MHz)

DB12
DB13
ACK
REQ
DB10
DB11




Attenuation

Twist/Flat
DB/m
Data Lines | 3 dB BW 80 MHz 160 MHz 200 MHz 320 MHz
(MHz)
DB12
DB13
ACK
REQ
DB10
DB11
Attenuation
Twist Only
DB/m
Data Lines | 3 dB BW 80 MHz 160 MHz 200 MHz 320 MHz
(MHz)
DB12
DB13
ACK
REQ
DB10
DB11
Propagation Time
Round Cable
(ns)
Differential Conductor 1 Conductor 2 Propagation Propagation
Pair Time Time/Meter
DB(12) 1 35
DB(13) 2 36
ACK 24 58
REQ 29 63
DB(10) 33 67
DB(11) 34 68




Propagation Time

Twist/Flat

(ns)

Data Line Conductor 1 Conductor 2 Propagation Propagation
Time Time/Meter
DB(12) 1 35
DB(13) 2 36
ACK 24 58
REQ 29 63
DB(10) 33 67
DB(11) 34 68
Propagation Time
Twist Only

(ns)

Data Line Conductor 1 Conductor 2 Propagation Propagation
Time Time/Meter
DB(12) 1 35
DB(13) 2 36
ACK 24 58
REQ 29 63
DB(10) 33 67
DB(11) 34 68
Cross Tak (Differential)
Rise tine (20-80%:
500 ps

Differential Pair Round Cable Twist/Flat Twist Only
Driven | Victim | NEXT % |FEXT % | NEXT % |FEXT % | NEXT % | FEXT %
24, 58 29, 63
1,35 2, 36

Bob Gannon agreed to attenpt to define a signa

degradati on test based

on eye diagrans and with independent aggressor signals operating during
the acquisition of the primary pair under test eye.

11.5 Frequency dependence of dielectric constant test nethodol ogy round
robin - Barnes, LSI Logic; Vaupotic, Spectra strip




Deferred (again) to sone indetermnate future tine due to the departure

of Larry Barnes from LS|

Logi c.

This work is intended to use the HP polished probe nmethod according to

the follow ng table.
stabilized.

A round robin is planned when the nethod is

Greg Vaupotic provided swept frequency data fromthe slab nmethod for

several sanples.

with data were provided to Larry B

The sanples in both pellet and extruded form al ong

Thi s di scussi on produced col | aboration containing the foll ow ng:

Pure pol yet hel yne
sanpl es to be provided
by Spectra Strip
(unlikely to be

af fected by processing)

sl ab nethod data
from Spectra
Strip's supplier
neasur enent s

coax probe nethod
from LSl Logic
measur ement s

raw material processed | Spectra strip NA due to slab

into a slab sanpl es no | onger
exi sting

raw nmaterial extruded NA LSl logic --

over single conductor
30 AWG with

approximately 10 mls
di el ectric thickness

strip materi al

of f conductor and
neasure by
inserting the
probe through
slit in the
conductor to the
opposi te side

The range of frequency will

be at

least 1 MHz to 1 GHz |inear

The sanpl es and sl ab data have been delivered to Larry.

sweep.

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

12. Proposed new round robins

No new round robins were proposed this neeting

item

13. PIP docunentation -

13.1 Actions required to produce a ballotable PIP docunent,

Dagget t

See however,

t he next

group

Di scussi on about how to produce a ball otable PIP docunent was again

under t aken

A serious push is being nounted to get the docunent



conpl eted within the next couple of nonths. Larry Barnes has been doing
sone editing in his spare tinme — Thanks Larry.

Enough material has been gathered to enable creation of a credible
docunent but some paring needs to happen. Editing sessions were
schedul ed at two week intervals for the next six weeks. See section on
neeting schedule for details.

At the next neeting specific section of the docunent will be assigned to
i ndi vidual editors. A nunber of people have indicated willingness to
help so there now a better chance of getting the docunent finished.

13.2 Definitions for the docunent - Barnes

Not addressed at this neeting.

13. 3 Conversion of the docunent into Frane from Word.

Thanks to Larry Barnes and Bill Hamthe existing revision of PIP and the
new material fromthe m nutes was conpletely converted into Frane 6.0 at
t he Decenber neeting. Since then significant work has been conpl eted on
the conversion. The renaining conversions needed are a few figures that
Bill Hamw Il conplete before the next editing session.

13.4 Report fromlast editors neeting

Not done due to | ack of tine.

13.5 Docunent review, Zane

Not done due to | ack of tine.

14. A d business

14.1 Skew neasurenent and specification nethodol ogy, Ham

This topic was not discussed in February and may be deleted fromfuture
agendas in the interest of getting the docunent finished.

15. New busi ness

15.1 SSDB position for PIP

The PI P net hodol ogy for interconnect assenblies depends critically on
havi ng an SSDB for producing the signals. Wth the departure of Larry



Barnes from LSl Logic it is not clear whether LSI Logic will actually
supply an SSDB to the industry. Seagate indicated that they are willing
to supply an SSDB if needed. Therefore, since PIP needs to have a

wor ki ng framework the follow ng notion was formal |y nade:

Moti on, Ham Daggett, that PIP will be devel oped with the assunption that
an SSDB will be available to use with the neasurenents that require it.

Mot i on passes unani nously.

16. Next neetings

PIP is always scheduled in conjunction with SSMx. An editing session
is always included for one or the other project. PIP and SSM alternate
in terms of which is first and which is second. The editing day is
either before or after the contiguous PIP/SSM days and is identified in
the schedule. To get this started SSM precedes PIP in February 2002,

PI P precedes SSMin April 2002, etc.

Approved schedul e:

March 8, 2002 (Fri) 7AMto noon, Hitachi plant, Manchester, NH (editing)
March 18, 2002 (Mon) 9AMto 5PM Conpaq plant, Shrewsbury, MA (editing)
April 2, 3, 2002 (Tues) 9AMto 5PM New Hanpshire, (Hitachi) — (04/03 is
editing for PIP, 04/04 is SSM

[Additional editing neetings are expected in April and My]

Request ed schedul e:

June 20, 2002 Lisle, IL (Mlex) - (06/18 is editing for SSM 06/19 is
SSM

Aug 13 Southern CA (Actuone - parent to Foxconn) 13 PIP editing, 14 pip
15 SSM

Cct ober 15, 2002 Worcester MA (Madison) 15 SSMediting, 16 SSM 17 SSM
editing

Decenber 03, 2002 Quadal aj ara, Jalisco, MX (Electronica Pantera) 03 PIP
editing, 04 PIP, 05 SSM

17. Action |tens:

17.1 A d action itens from previ ous neetings



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

Status: action cannot be conpleted by Larry due to his departure from
LSl Logic. The equiprment still resides at LSl Logic and this action
depends on the availability of the equipnent. Contact VP of storage
conponents division, Bill Wurtz LSI Logic Col orado Springs for
informati on on how this action can be conpl et ed.

Zane to provide a nethodol ogy specification for the HP slab nmethod for
dielectric constant vs. frequency
Status: no change -- still approx 50% conpl ete

Bill Hamto post the draft minutes to the T10 web site
Status: done 02-019r0

Uresh to propose a set of tests to be used including things |ike test
fixtures and specific slots to be nmeasured for backplane round robin 1
Status: done - except for S21 tests - Bruce Mto expedite (a new action
itemwas assigned to address the S21 issues - this itemis conpleted and
will be renmoved fromfuture m nutes)

Hamto deliver a single 10 sl ot Conpaq backpl ane (one that is presently
shi ppi ng) for backpl ane round robin 1.
Status: overcome by events

Greg Vaupotic and Larry Barnes to conplete the work outlined in the
table relating to the frequency dependence of dielectric constant.
Status: slab nethod data and sanples sent to Larry - still need the
probe method neasurenments - Geg’s part is done - goes into the Larry
Bar nes bucket

Larry Barnes to place his spreadsheet relating to effects of periodic
structures on the T10 web site.

Status: file has been recovered froman ol der rev - posting expected
soon

Geg Vto create 01-130r1 containing the essence of the Seagate results
relating to effects of sanple | ength on inpedance
Status: carried over

Hamto create a draft of the overview section for the PIP docunent
Status: significantly progressed - needs review

Larry Barnes to contact Bob Christopher again to determ ne probable
future involvement of Bill Troop

Status: Bill is able to continue involvenent as long as travel is not
required - use of electronic neeting tools, e.g. Placeware, will enable
Bill's participation - Seagate and LSl Logic to attenpt to provide this
capability for the February 2002 neeting. Since this capability depends
on the internal LSl Logic infrastructure this itemis effectively
overcone by events

Zane to draft a letter to LSI Logic containing the material devel oped by
PIP relating to SSDB' s

Status: done - has been forwarded within LSI Logic - favorabl e response
so far - availability expected /@ can go to U640 speed.

Larry Barnes to ask for a witten response to Zane's letter relating to
t he SSDB
Status: done - no response yet received -- Zane to follow up



Larry presented approxi mately 20 sources of material that relate to PIP
neasurenents. Larry is actioned to conbine these files into a single
file and post on the T10 site. Folks are encouraged to | ook at theses
references and deternmine if any content is relevant to the PIP project.
Status: non-copyrighted material was posted -- Larry will provide his
original list (in whatever formit exists).

Status: carried over

17.2 New actions fromthis neeting

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

Action to chair to contact Bill Weurtz of LSl Logic to determine future
activity on action itens previously assigned to Larry Barnes
Status: new

Uresh to propose a set of tests to be for backpl ane S21 neasurenents.
Status: new

18. Adjourn

The neeting adjourned at 12: 30PM on Decenber 12, 2001



