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1. Overview

This normati ve annex defines the electrical performance requirenments for shiel ded
and unshi el ded cabl e nmedia. This docunent specifies the details of the

measur enent net hodol ogy to minimze the error between neasurenments executed in
different |aboratories.

Seven paranmeters are required to specify the electrical requirenents:

Transm ssion |ine inpedance (Zo), capacitance, dielectric constant variation
propagation time, propagation time skew, attenuation and near-end cross talKk.
Some paraneters are specified for both single ended and differenti al
applications.

Thi s docunent al so specifies nethods for executing the testing for these
paranmeters. Table 1 sunmarizes the testing requirenents.
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Table 1 - Cable nedia test summary
Par amet er Section measur enment t est sanpl e Active
donmai n condi tions configuration equi pment
SE | ocal 2.1 Ti me Rise tine at 3 | (A) tie one TDR i.e
Zo ns wire of each Tekt roni x
pair & shield 11801 or
together, 3 equi v.
meters | ong
Diff |ocal 2.2 Ti me Ri se tines at (B) all wires TDR i.e
Zo 0.5 and 3 ns + shield Tekt roni x
floating, 3 11801 or
meters |ong equi v.
Diff 0 Frequency sweep between (O sane as HP 8753E
ext ended 1 MHz and 1 (B) with net wor k
di st ance GHz m ni mum 30 anal or
(bal anced) meter |ength equi v.
Z0
SE 3.1 Frequency 100KHz and (D) Sanple LCR meter
capaci t ance 1MHz length 3
neters
Di el ectric 3.3 Frequency Sweep between (E) Sanple of Net wor k
const ant 100KHz and 1 one pair anal
variation Gz approx. 1" in
with I ength
frequency
Diff 3.2 Frequency 1 MHz and 120 (F) Sanple LCR et er
capaci t ance MHz Length 3
neters
D ff (Tp) 4 Frequency An S12 (G Sanple 30 HP 8753E
propagati on measur enment meters net wor k
time per anal or
meter — equi v.
Note: Tp is
1/ Vp
D ff (Tp) 5 Ti me Launched ri se (G Modified Si gha
propagati on ti me between to 3 nmeters pul se, (no
time per 0.5 ns to 5 ns si gna
meter — - propagation generator)
Note: Tp is time is TDR 11801
1/ Vp measured @t he or Equiv.
anpl i tude md-
poi nt of the
STD* *
Di ff 6 Di f ference between the min. NA
propagati on and max Tp of all pairs
time skew
Diff 7 Frequency low freq. (H) Sanple HP 8753E
attenuation shelf* to 1 | eave all net wor k
(bal anced) Gz other lines anal or
open - |ong equi v.
enough to
produce at
| east 1dB at
the low freq.
shel f
(typically >
30 m
Cross talk 8 Ti me Si gnal pul se, (1) Sanple Tekt r oni x
NEXT Diff max | egal For freq. 11801 with
(Bal anced) size, mn. option use TDR or
si gnal sanpl e set up equi v.

transition
duration tine

(9

*Low Frequency Shel f:

**STD:  Signa

That

range where a
dB in attenuation difference
Transition Duration

3X change in Frequency produces

ess than 0.5

98-219r5

Met hods provi ded use either frequency or time domain nmeasurenents as noted in

Tabl e 1.
Speci fical |

y, both

| ocal

appl i cabl e frequencies are required.
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The physical construction details can seriously affect the measured perfornmance
paranmeters. For exanple, using simlar materials a flat discrete construction
intrinsically has higher near end cross talk than twi sted pair construction
However, properly constructed flat cable nedia can performwell for SCSI. This
annex does not specify any construction requirenments but rather relies solely on
t he nmeasured perfornmance results as the criteria for conpliance.

Several test paraneters use a per unit |length neasurenment in order to all ow
concatenation of different |engths of cable w thout exceeding the perfornmance
[imts at maxi mum | engt h.

Cabl e nedi a provides only part of the electrical path in system applications.
The requirenents in this annex only apply to cable nedia performance in nomnally
uni f or m medi a.

Medi a constructi ons designed to be non-uniform for purposes of enabling
connectorization are not covered in this annex. An exanple of such nmedia is
unshi el ded round nedi a that has areas where the conductors are constrai ned to be
flat (in aline) for short distances so that an insulation displacenment type of
connector may be attached. These types of nedia are considered to be
intrinsically part of a cable assenbly (where connectors are attached) and the
performance cannot be accurately assessed w t hout considering the connectors

al so.

In system applications effects not specified in this annex, but neverthel ess
related to cable nmedia, may affect the bus perfornmance. For exanple, the use of
cable nmedia with different inpedance values in the same bus should be avoided to
m ni mze discontinuities and signal reflections.

O her effects that may affect the performance of a conplete SCSI bus segnent:

spaci ng of nedia conductors from ot her physical structures for non-
shi el ded constructions (e.g. wires in other nedia, netallic walls, non-
metal lic surfaces)

non uni f orm devi ce | oading across all the SCSI signals

non uni form stub properties

t he popul ati on and spaci ng of devices

connectors and nedi a di sturbances required to attach connectors
dat a phase speed

The test nethods defined in this annex may or may not be applicable to conplete

SCSI bus segnent performance. This annex does not address performance ot her than
that of nedia designed to be uniform

2. | npedance

2.1 Local inpedance for single ended transm ssion

The i npedance neasurenment produces a plot of transm ssion |line inpedance as
recorded by a time domain reflectoneter instrunent. There is a direct mapping of
t he nmeasurenents to the physical position within the cable under test. The test
shall be performed at the specified signal transition duration tinme for the
signals being used in the end-user application

The sanple length is | ong enough to ensure no interference fromthe far end.
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2.1.1 Sanple preparation

This test requires type A sanples prepared in the follow ng way:

Cut sanple length to 3mz* 0,025 neter

Renove 5,0 cmof outer jacket from one end

Conb out braid wire strands to forma pigtai

Trimfiller and tape materials to the base of braid wire

Strip 0,5 cminsulation fromall conductors

Connect one wire fromeach pair to the shield (for flat type cable, tie every
ot her conductor to ground)

SORwONE

2.1.2 Test fixture and neasurenent equi prment

Figure 1 shows the test configuration for the |ocal single ended inpedance test.

= TP1

Z

L

> sow

2 50W )

O “sow |

z SW 5OW AR

z Y|

o —>

= SEPARABLE CABLE
TEST FIXTURE UNDER TEST

A =PERMANENTLY MOUNTED WIRE CLAMP ON THE TEST FIXTURE
B =CABLE UNDER TEST
O = CONNECTION BETWEEN 50WCABLE AND THE TEST FIXTURE

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP1

Figure 1 - Test configuration for SE inpedance

The test fixture may be constructed of sem -rigid coax, microstrip PCB, or
stripline PCB. To be able to see the entire signal transition it is necessary
that the length fromthe TDR to the DUT be | ong enough to contain the conplete
transition. For the 3ns STD this mnimumlength is approximtely 1.25m for
cables with solid polyethylene dielectric. For other dielectrics this length
shoul d be adjusted appropriately.

2.1.3 Calibration and verification procedure

2.1.2.1 Instrunent verification

It is not necessary to performa separate instrument verification for this test.
The calibration in the follow ng section includes the instrument.

2.1.2.2 Measurenent system (with test fixture) calibration

Connect the 50W cable to the test fixture
Page 6
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In place of “B” in Figure 1,connect a 100W £0. 1% (preferred) |ow i nductance chip
resistor. Use an unfiltered trace and the TDR cursors to nmeasure the resistance
val ue, R100, approximately 4ns (displayed) after the resistor discontinuity. See
Figure 2.

In a simlar manner, in place of “B” connect a 50W #0. 1% (preferred) | ow

i nductance chip resistor. Use an unfiltered trace and use the TDR cursors to
measure the resistance val ue, R50, approximately 4ns (displayed) after the
resi stor discontinuity.

CALIBRATION DONE HERE

UNFILTERED
TRACE WITH
DISCONTINUITY
SET AT SECOND

DIVISION

EXAMPLE
TRACE WITH
5 100 WCHIP
......... - ; : : | RESISTOR

40 mr /DIV

/"»ww/J ......... ......... |

50WLEVEL FROM NS S S S —
TEST FIXTURE 2ns/DIV

Figure 2 SE i npedance calibration

Subtract R50 from R100 producing Delta R

Correction factor for vertical scale and cursor readings = Delta R
50

2.1.2.3 Single ended signal transition duration (STD) calibration

This step ensures that the proper signal transition (STD) tinme is being presented
to the DUT. Place a short on the test fixture where the cable would be attached
in place of “B” in Figure 1. Use the filter function on the TDRto set the
measured STD (20% 80% to the desired value according to the detail ed procedure
described below. It may be desirable to use a separate test fixture that is
nomnally identical to the actual cable test fixture for this step.

Assuming a falling edge, set up the display on the TDR as shown in Figure 3.
This display has the foll owi ng properties:

The tine scale on the display is 2.0 ns / div for the 3.0 ns STD. Set the
hori zontal position such that the m dpoint of the displayed curve is near
the center of the display and the 100% and 0% baselines are clearly visible
as shown in Figure 3. The STDis the tine between the 20% and 80% val ues

Page 7



SCSI cable media performance testing Rev 05 98-219r5

of the displayed signal anplitude (nost instrunents can do this calcul ation
automatically).

VWhen the instrument will not automatically nmeasure STD, performthe foll ow ng
st eps:

Measure the voltage at 100% ( Vigo)

Measure the voltage at 0% (Vo)

The voltage at 20%is { Vo = Vo + 0.2(Vigo — Vo)

The voltage at 80%is { Vgo = Vo + 0.8(Vigo — Vo)

Set cursors at V,, and Vgg and neasure the time difference

7] STD (1 OR 3 ns)

_ Nl

70

20%

]
SIGNAL AMPLITUDE 100%

AMPLITUDE TYPICALLY
GREATER THAN 4 DIV

TIME SCALE--SEE TEXT

Figure 3 - Signal transition duration calibration

2.1.4 Testing procedure

Connect the DUT to the test fixture wire clanp and record the TDR trace using the
met hod descri bed bel ow.

Figure 4 shows the TDR display setup to use for this measurenent.

Set the time scale to 2 ns /div (total tinme axis span of 20 ns).
Set the vertical scale (nr) to 40 nmr /div.
Wth the DUT disconnected turn off the filtering.

Next, set the horizontal position such that the discontinuity is on the third
division fromthe left.

Adj ust the vertical position to approximtely place the 50W reference (cable
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fromfixture to TDR) at the first vertical division fromthe bottom
Wth the filter turned on to 3ns connect the DUT
Note: the DUT shall be suspended in air. No metallic supports should be used.

Set the TDR cursor to neasure mn, nean and max ohnms with cursors set on the
trace as it crosses the 5" and 6'" tines divisions.

These neasurenents include a small error factor caused by |osses in the cable
which varies with gauge size. This error increases the nmeasured i npedance
slightly.

UNFILTERED | e
TRACE WITH DUT : ] : : MEASUREMENT
DISCONNECTED : j : : TAKEN IN THIS
SET AT THIRD : ] ; /‘77 ------ REGION
DIVISION : : ; - 5

......... S A : EXAMPLE |.....
r = TRACE WITH :
3ns STD

40 mr /DIV

/_> ,,,,,,,, ......... ........................... ......... ......... .........

50WLEVEL FROM
TEST FIXTURE

2ns/DIV

Figure 4 — SE i npedance neasur enent

2.2 Local inpedance for Differential transm ssion

This requirement is necessary to allow the cable nedia to interface with devices
and term nators w thout inducing excessive signal reflections.

2.2.1 Sanple preparation

This test requires type B sanples prepared in the follow ng way:

Cut sanple length to 3m+/- 0,025 neter

Renove 5,0 cmof outer jacket from one end

Conb out braid wire strands to forma pigtai

Trimfiller and tape materials to the base of braid wire

Strip 0,5 cminsulation fromall conductors

Select the pair to be neasured. Tie all other pairs and the shield together

SORwNE
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2.2.2 Test fixture and neasurenent equi prent

Figure 1 shows the test configuration for the |local differential inpedance test.

2.2.2.1 Calibration and verification procedure

2.2.2.2 Instrunent verification

It is not necessary to performa separate instrument verification for this test.
The calibration in the follow ng section includes the instrument.

2.2.2.3 Measurenent system (with test fixture) calibration

Connect the 50W cable to the test fixture

In place of “B” in Figure 1, connect a 100W 0.1% (preferred) | ow i nductance
chip resistor across the pair. Use a differential unfiltered trace and use TDR
cursors to nmeasure the resistance val ue, R100, approxi mately 4ns (displ ayed)
after the resistor discontinuity. See Figure 2. The nethod shown in Figure 2

applies to differential except a 100W level fromthe test fixture will be seen
and differential signals are displayed.

In a simlar manner, in place of “B” connect a 50W #0. 1% (preferred) | ow

i nductance chip resistor across the pair. Use a differential unfiltered trace
and use the TDR cursors to neasure the resistance value, R50, approximately 4ns
(displayed) after the resistor discontinuity.

Subtract R50 from R100 producing Delta R

Correction factor for vertical scale and cursor readings = Delta R
50

2.2.2.4 Differential signal transition duration (STD) calibration

This step ensures that the proper STD is being presented to the DUT. Place a
short on the test fixture across the pair where the DUT woul d be attached (e.g.
instead of “B” in Figure 1. Use the filter function on the TDR to set the
measured STD (20% 80% to the desired value according to the detail ed procedure
described below. It may be desirable to use a separate test fixture that is
nomnally identical to the actual cable test fixture for this step

Assuming a falling edge, set up the display on the TDR as shown in Figure 3.
This display has the followi ng properties:

The tine scale on the display is 1.0 ns / div for the 1.0 ns STD and 2.0 ns
/ div for the 3.0 ns STD. Set the horizontal position such that the

m dpoi nt of the displayed curve is near the center of the display and the
100% and 0% baselines are clearly visible as shown in Figure 3. The STDis
the tine between the 20% and 80% val ues of the displayed signal anplitude
(nmost instrunments can do this cal culation automatically).

VWhen the instrument will not automatically nmeasure STD, performthe foll ow ng
st eps:
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Measure the voltage at 100% ( Vigo)

Measure the voltage at 0% (Vo)

The voltage at 20%is { Vo = Vo + 0.2(Vigo — Vo)

The voltage at 80%is { Vg = Vo + 0.8(Vigo — Vo)

Set cursors at V,, and Vgo and neasure the time difference

Adjust the TDR filter so that the desired STD i s achi eved.
2.2.3 Testing procedure

Connect the DUT to the test fixture wire clanp and record the TDR trace using the
nmet hod descri bed bel ow.

Figure 5 shows the TDR display setup to use for this measurenent.

Set the time scale to 2 ns /div (total tinme axis span of 20 ns).

Set the vertical scale (nr) to 40 nmr /div.

Wth the DUT disconnected turn off the filtering.

Next, set the horizontal position such that the discontinuity is on the third
division fromthe left.

Adj ust the vertical position to approximately place the 100W reference (cable
fromfixture to TDR) at the fifth vertical division fromthe bottom

Wth the filter turned on to 1ns connect the DUT.

Note: the DUT shall be suspended in air. No metallic supports should be used.
Set the TDR cursor to neasure mn, nean and nmax ohns with cursors set on the
trace as it crosses the 5" and 6'" tines divisions.

Set the filter to 3ns.

Set the TDR cursor to neasure mn, nean and max ohnms with cursors set on the
trace as it crosses the 5" and 6'" tines divisions.

These neasurenents include a small error factor caused by losses in the cable
which varies with gauge size. This error increases the nmeasured i npedance
slightly.

UNFILTERED

TRACEWITHDUT | oo MEASUREMENT

DISCONNECTED : : : TAKEN IN THIS
SET AT THIRD / REGION
DIVISION : T o e

EXAMPLE :
TRACE WITH

40 mr /DIV

100WLEVEL FROM
TEST FIXTURE

2ns/DIV
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Figure 5 — Differential inpedance test

2.3 Differential extended distance (bal anced) inpedance (frequency donai n)

2.3.1 Sanple preparation

This test requires type C sanples prepared in the follow ng way:

1. First the cable sanple shall be cut to a length such that resonance does not
occur. (Approximately 30 neters or greater.)

Renove 5,0 cmof outer jacket from one end

Conb out braid wire strands to forma pigtai

Trimfiller and tape materials to the base of braid wire

Strip 0,5 cminsulation fromall conductors

Gkown

2.3.2 Test Fixture for differential extended distance inpedance

Test fixture 1
DUT
Connections
Ground i ‘ I
Bauns
Test fixture 2
H Trace
|

Ground Plane

Figure 6 — Test fixtures for differential extended distance inpedance profile

Figure 6 shows the test configuration for the differential extended distance
i npedance tests.

2.3.2.1 Scope and objective

Two types of test fixtures are described in order to provide sufficient
flexibility in constructing fixtures required in measuring cable characteristics
in the frequency domain environnent. The two types of fixtures are closely
rel at ed.

The first type is constructed using two bal uns nmounted on al um num base and
Page 12
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electrically isolated fromeach other by alum num screen (test fixture 1).

The second type uses high speed PCB with microstrip construction. Two bal uns are
mount ed at one edge of the board with sufficient separation to reduce nutua
coupling by a mnimum of 20dB. The interconnect traces of the signal pairs are
further separated fromeach other in a radial formand the signal traces run at
61 ohnms to ground for each differential line (test fixture 2).

2.3.2.2 Test equipnent

A scal ar or vector network analyzer instrunent neasures the reflection and
transm ssion characteristics of the DUT (device-under-test). Wth the
appropriate calibration and error correction techni ques, a high degree of
accuracy is possible. The anal yzer can be used both as the source of the test
signal and as a neans of neasuring the DUT's characteristics.

Two precision coax cables whose transm ssion |ine i npedance matches the inpedance
of the network anal yzer systemare used to connect the test fixture to the test
anal yzer system

2.3.2.3 Test Fixtures

For the al umi num base test fixture (test fixture 1), the transnmssion line is
provi ded by the baluns as the signal paths and the al um num base as the current
return path. The baluns provide a 50 to 61 ohm i npedance natchi ng between the
test instrunent systemand the DUT, as well as provide differential signals. The
al um num screen provides electric field isolation between the two baluns. The DUT
connects to the fixture via a nechanical clanmp system The DUT shoul d self

term nate given its | ength.

For the PCB test fixture, the test fixture consist of a printed circuit board

i ncorporating controlled i npedance trace construction of 61 ohns (refer to test
fixture 2). The transmission line is provided by the connected bal uns and PCB
traces for the signal paths and the ground plane of the board for the return
current path. A coaxial cable (same transm ssion |line inpedance as the test

i nstrument) connects one end of the cable to the instrunment test port through the
bal uns and the PCB fixture trace conbi nation. The baluns provide a 50 to 61 ohm
i npedance matching between the test instrument systemand the DUT, as well as
provide differential signals. The separation of the baluns and the signal |ines
provide electric field isolation between the two baluns and the signal |ines.
The DUT connects to the fixture via a nmechanical clanp system The DUT shoul d
self termnate given its |ength.

Note: the baluns required for this test are high frequency (~500MHz) precision
types.

A stand is recommended for mounting fixture board and to support the DUT. It is
recommended that the stand keep the fixture board at |east 7cmfromthe top of
the I ab bench to mnimze coupling.

2.3.2.4 Fixture board design requirenents (test fixture 2):

Traces are constructed on the PCB to conformwi th the differential transm ssion
schenme. The fixture shall be through hole or surface nmount PCB. The signa
traces are connected to the balun’s differential pins using mcrostrip
construction with controlled characteristic inpedance of 61 ohns. The | ength of
t he connections shall permt the board to operate at the desired frequenci es and
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acconmodat e the required nunmber of signal lines, including sufficient separation
to reduce mutual coupling by a mninumof 20dB. It is reconmended that the
bandwi dth of the board be at |east twi ce the bandwidth of the fifth harnonics of
DUT. Board i npedance shall be tightly controlled to within +/- 5% of the

i npedance of the environment.

The fixture board shall include calibration traces for nmeasuring the effects of
the test fixturing on the nmeasurenment data. This board construction is useful for
ot her frequency domai n neasurenents but is not designed to accommopdate tine
donai n.

2.3.3 Calibration Procedure

Set the analyzer to performan S11 neasurenment with the source power set at a

m ni mum of 6dbm the nunber of points set to a m ninmumof 401 and the band wi dth
at a maxi num of 200HZ (averaging at a mnimumof 2 averages). Start and stop
frequencies are 1M¥z and 1GHz respectively. The calibration is for the open
short and | oad net hod, keeping the | eads as short as possible on the |oad
standards. The |oad standard will match the inpedance of the secondary bal un and
have a maxi num tol erance of 1%

2. 3.4 Measurenent Procedure

Usi ng either
a) Hew ett Packard 4291B RF | npedance / WMaterial Analyzer or equivalent.
Test fixture and an i npedance matchi ng bal un unbal anced to bal anced, or

b) Hewl ett Packard 8753E Network Anal yzer or equivalent test fixture and an
i npedance mat chi ng bal un unbal anced to bal anced.

Connect the near end of the sanple to the output balun on the test fixture,
keepi ng the | eads as short as possible to elimnate inductance probl ens and
termnate the far end of the sanple in the inpedance of the cable. Perform
a sweep test from 1MHz through 1GHz.

3. Capacitance

3.1 Single ended capacitance

3.1.1 Sanple preparation

This test requires type D sanples prepared in the follow ng way:

For Fl at cabl es:
1. Cut sanple length to 3 neters
2. Separate conductors at one end
3. Strip 0,5cminsulation fromall conductors

For Round Cabl es Shi el d connect ed:

Cut sanmple length to 3 neters

Renove 5,0 cmof outer jacket fromone end

Conb out braid wire strands to forma pig tai

Trimfiller and tape materials to the base of braid wire.
Strip 0,5 cminsulation fromall conductors

GhRowbE
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6. Connect one (1) conductor of each pair to the shield

For Round Cabl es Shield floating:

Cut sanple length to 3 neters

Renove 5,0 cm of outer jacket fromone end

Cut braid wire back to jacket

Trimfiller and tape materials to the base of braid wire.
Strip 0,5 cminsulation fromall conductors

GhownbE

3.1.2 Test fixture for SE capacitance
shows the test configuration to use for this test procedure.

3.1.3 Calibration Procedure

If using an HP4263A Bridge, calibration shall be as foll ows:

1. Connect fixture to neter and perform open calibration as
speci fied by HP

2. Connect a wire (short) to the sockets of the test fixture and
performa “short” calibration as specified by HP

For ot her manufacture’s equi pnment, follow the calibration procedures
specified by the manufacturer of the LCR bridge for reliable results.

3.1.4 Measurenent Procedure

3.1.2.1 Flat cables — GS

Wth the Bridge set at the desired frequency, connect the pair to the
test fixture and record the capacitance

3.1.2.2 Flat cables - GS-G

Wth the Bridge set at the desired frequency, connect the two grounds
toget her on one side of the test fixture and the signal to the other side
of the test fixture, record the capacitance.

3.1.2.3 Round cabl es — shi el ded

Wth the Bridge set at the desired frequency, connect one half of the
twisted pair to one side of the test fixture and the other half of the
twisted pair to the shield and to the other side of the test fixture.
Record the capacitance.

3.1.2.4 Round Cables — floating shield

Wth the Bridge set at the desired frequency, connect the twi sted pair to
the test fixture. Record the capacitance.

3.2 Differential Unbal anced Capacitance
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3.2.1 Sanple Preparation

This test requires type F sanple prepared in the follow ng way:

For Fl at cabl es:
1. Cut sanple to a length that elim nates resonance
2. Separate conductors at both ends
3. Strip 0,5cminsulation fromall conductors

For Round Cabl es Shi el d connect ed:

Cut sanple to a length that elim nates resonance

Renove 5,0 cm of outer jacket from both ends

Conb out braid wire strands to forma pig tai

Trimfiller and tape materials to the base of braid wire.
Strip 0,5 cminsulation fromall conductors

Connect one (1) conductor of each pair to the shield

SORwNE

For und Cabl es Shield floating:

Ro
1. Cut sanple to a length that elim nates resonance
2. Renmove 5,0 cm of outer jacket from both ends
3. Cut braid wire back to jacket

4. Trimfiller and tape materials to the base of braid wire.
5. Strip 0,5 cminsulation fromall conductors

3.2.2 Test fixture for differential capacitance

Refer to for the proper test configuration

3.2.3 Calibration Procedure

If using an | npedance/ material Analyzer Mdel #4291B fromH P
calibration shall be as follows:

3.2.2.1 Calibration set up procedure

Set up Bandwi dth

Set Start and stop frequencies

Set for inpedance magnitude for measurenment type
Nunber of points is equal to 401

M ni mum aver age points shall be tw (2)

You shall receive a |linear neasurenent

SORwNE

3.2.2.2 Calibration

1. Connect Fixture to test head and performopen circuit calibration
2. Connect wire (short) to test fixture head and perform “short”
circuit calibration

3. Connect a 50W resistor to the test fixture and perform | oad
calibration

For ot her manufacture’s equi pnment, follow the calibration procedures
specified by the manufacturer for reliable results.

3. 2.4 Measurenent Procedure

The nmeasurenent will be performed using the equivalent circuit nethod
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adjusting the open and short val ues of the capacitance and inductance so
that the traces over lay as closely as absolutely possible across the
entire bandw dth.

Not e | npedance val ues coul d be neasured and recorded at this tine.
Note: Fixture should be neasured for functionality through Bandw dt h of
i nterest.

3.3 Dielectric constant variation with frequency

Selection of this test nmethod i s on underway.
4. Propagation time (differential frequency node)

4.1 Sanple preparation

This test requires type G sanples prepared in the follow ng way:

Cut sanple length to 30m+/- 0.1 neter

Renove 5,0 cm of outer jacket from both ends

Conb out braid wire strands to forma pigtail at both ends
Trimfiller and tape materials to base of braid wire at both ends
Strip 0,5 cminsulation fromall conductors

Each pair under test shall be termnated with a 100 W resistor at the far end
of the cable.

okwbE

4.2 Test fixture for propagation tinme (differential frequency node)
Ref erence: 2.2.2 for appropriate test fixtures

4.3 Calibration Procedure

The anal yzer shall be set to performa S12 neasurenent with the power set at a
m ni mum of 6dbm the nunber of points set to a mnimum of 401, the band wi dth at
a maxi mum of 200HZ, averaging at a m nimum of 2 averages, and the start / stop
frequencies per the table. Performa transm ssion calibration using a sanple of
the cable to be tested keeping the sanple as short as possible.

4.4 Measurenent Procedure

Wth the anal yzer set up in the delay node, connect one end of the sanple to the
bal un on the output port and the opposite end to the balun on the input port with
the markers turned on record the m ni num and nmaxi mrum del ay across the band w dth
as listed in the table.

5. Propagation tine (differential - tine domain node)

5.1 Sanple preparation
This test requires type D sanple prepared in the foll ow ng way:

For flat cables:
1. Cut sanple length to 6 neters
2. Separate conductors at one end
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3.

Strip 0,5cminsulation fromall conductors

For round cabl es shi el d connect ed:

4. Cut sanple length to 6 neters
5. Renmove 5,0 cm of outer jacket from one end
6. Conmb out braid wire strands to forma pig tai
7. Trimfiller and tape materials to the base of braid wire.
8. Strip 0,5 cminsulation fromall conductors
5.2 Test fixture for propagation tine (differential - tine domain node)

shows the test configuration for propagation time (differential nopde)

5.3 Test configuration calibration procedure

Page 18

If using an HP TDR scope such as an HP54750, calibration shall be as
fol | ows:

Leave channel 1 and 2 open

Def aul t setup

Setup, stimulus, differential

Preset TDR/ TDT

Select tine base — set to 100 ps/div.

Sel ect position — nove trace to approxi mately center of screen

Sel ect acquisition - change average to 4.

Delta tinme — Channel 1 minus Channel 2

Connect test fixture

10. Press tinme base — select position

11. Adjust position of fixture

12. Select right nost channe

13. Select calibrate

14. Sel ect skew

15. Reduce i nbal ance by hal f

16. Sel ect TDR skew — adjust until difference between the two channels is
approxi mately zero

17. Cear markers

18. Sel ect TDR/ TDT setup

19. Establish reference pl ane

20. Cali brate channel one

1. Connect a wire (short) to the sockets of the test fixture

and performa “short” calibration as specified by HP

2. Connect a 50W precision resistor to the test fixture and
perform | oad calibration.

21. Calibrate channel two
1. Connect a wire (short) to the sockets of the test fixture
and performa “short” calibration as specified by HP

2. Connect a 50W precision resistor to the test fixture and
perform | oad calibration.
22. For other manufacture’s equi pnent, use the sanme procedure adapted for
that instrunent.

CoNoURwhE

At this point calibration is conplete

23. Select TDR response 1

24. Sel ect differential

25. Vertical resolution shall be set to display the full dynam c range of
t he response.

26. Turn of f channel 1

27. Turn of f channel 2

28. The differential response will be displayed

29. Markers
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Set + source to response 1
Set x source to response 1
30. Adjust markers so they are on the trace

5.4 Measurenent Procedure

1. Select TDR response 1

2. Select differential

3. Turn off channel 1

4. Turn off channel 2

5. The differential response will be displayed

6. Adjust both markers so that they track the response trace

7. Connect the DUT to the test fixture

8. Vertical resolution shall be set to display the full dynam c range of
t he response.

9. Adjust time base scale so that both the | aunch and the end of cable

are on the screen

10. Set the + marker to the tenporal position at the mdpoint of the
| aunch step (signal transition)

11. Set the x marker to the tenporal position at the mdpoint of the end
step

12. Set horizontal unit to seconds

13. Take the tine delta between markers and divide by twi ce the cable
length. This will provide the propagation tine.

6. Propagation tine skew (differential)

6.1 Measurenment procedure

Maxi mum propagati on time mnus the mni mum propagation tine renders the overal
propagation time skew of the pair under test.

7. Attenuation

7.1 Differential attenuation

Attenuation is calculated fromthe ratio of output signal level to input signa

| evel through the DUT and is a neasure of the | osses experienced when
transmitting a signal through the DUT. Hi gher attenuation neans |ess signal at
the output or equivalently a gain of less than unity. A sinusoidal signal is
used to elimnate the need for conplex descriptions of real pulses and square or
trapezoi dal signals in ternms of Fourier conmponents. A conplete attenuation
specification requires examning all frequencies of interest to the application
A spectral description is recommended. The basic fornmula for attenuation in
deci bel s is:

Attenuation (dB) = 20 | ogio (i nput signal / output signal).

Note that this fornula gives the attenuation as a positive nunber since the
argunent of the log is greater than unity. Sonetinmes attenuation is casually
reported as a negative nunber when the gain is really the i ntended mat hemati ca
statenment. In any case the magnitude is the same for both gain and attenuation
The followi ng formul a expresses gain in decibels.

Gain (dB) = 20 logyo (output signal / input signal)
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Since the argunent of the log is less than unity the gain is a negative nunber.
Thi s docunent requires that attenuati on be expressed as a positive nunber unless

there is active gain in the path fromactive circuits. Therefore a typica
attenuation plot has the formshown in Figure 7.

ATTENUATION PLOT

GAIN (dB)
A
o

-80 -

100k 1M 10M  100M  1G 10G
LOG FREQUENCY (Hz)

Figure 7 - Formof attenuation plots

Attenuation is a nmeasurenent of the dissipative | osses on a bal anced transm ssion
line. The series resistive |loss of the conductors (copper) and the shunt |oss
due to the dissipation factor of the dielectric covering the conductors dom nate
these | osses. At higher frequencies, the conductor |oss increases due to skin
effect. Skin effect is where the current becone increasing confined in the outer
“skin” of the conductor as the frequency increases. This effectively reduces the
conductor area available for current flow The attenuation for a given bal anced
transmssion line will be affected by the conductor netal conposition and size,
and the composition, uniformty, and thickness of the dielectric that surrounds

t he conductors.

Attenuation can only be neasured directly with an ideal test systemthat is
perfectly matched to the balanced transnmission line to be tested. In a practica
test system the quantity that is actually neasured is insertion |loss. Insertion
loss is conprised of a conmponent due to the attenuation of the bal anced

transm ssion line, a conponent due to the msmatch [oss at the input or near end
side of the transm ssion |line and a conmponent due to the mismatch [oss at the
output or far end side of the transm ssion |ine.

There will be a mi smatch | oss conponent at any interface where the transm ssion

line inpedance is not perfectly matched on both sides of the interface. The
anmount of msmatch loss that will be experienced at each interface is

M smat ch Loss (dB) = (- 10 LOG, (1 - | G|?)) dB

Bal anced transmi ssion lines are al so susceptible to neasurenent errors when
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neasuring high values of attenuation (>50 dB) due to radiated energy coupling
into the transmission line. The |largest source of this error is due to direct
coupling of the near end side of the test systemto the far end side of the test
system This coupled signal will conmbine with the test signal passing through
the transmi ssion |ine under test and cause a significant ripple error in the
insertion | oss neasurenents at the higher frequencies where the attenuation of
the transmission line under test is the |argest.

Since the test instrunments are single ended and the DUT is bal anced a coupling
device called a balun is required to connect the DUT to the test equi pment.

Bal un Sel ection. The inpedance on the primary side of the balun nust match the
i npedance of the test equipnment, nornally a network anal yzer. The inpedance on
t he secondary side of the balun nust be matched as closely as possible to the
nom nal inpedance of the DUT in the bal anced state to mnimze reflections. |If
reflections are present they will skew the data by introducing a nmsmatch | oss
ri ppl e conponent.

Figure 8 shows the effect of different baluns on a very long cable (approximately
300 neters). There are no reflections visible because they are attenuated to
insignificant levels by the long | ength. Another very inportant benefit to using
I ong cables for these tests is the elimnation of resonance effects for the sane
reason that reflections are not a problem The main effect of using relatively
serious m smatched bal uns on very long cables is a snmall error in the attenuation
reported (less than 1 dB in the exanple shown).

100 AND 150 OHM BALUNS USED TO MEASURE A 100 OHM CABLE

-10

¥ 100 OHM BALUN

R
150 OH BALd

-15

Attenuation (db)

-20

-25

20 40 60 80 100

Frequency ( MHz)

Figure 8 - Effect of balun selection on neasured attenuation for very |ong cables

Sanpl e Lengt h. The opti mum sanple length is such that there is at least ~ 1db
of one way attenuation at the | owest frequency of interest. This w |l guarantee
that there will be at least 2 dB of additional |oss experienced by that portion
of the test signal that reflects fromthe far end.

This will reduce the uncertainty caused by nmultiple reflections due to the far
end and will result in acceptable resolution / ripple. The resulting
measurenents will be accurate and repeatable. |If a sanple is used that yields an
attenuation of less than 1dB the mi smatch ripple fromthe near end conbined with
the msmatch ripple fromthe far end can approach the sane or greater magnitude
than the attenuation at the | owest frequency. For exanple in the unmatched bal un
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case:

Case 1 :

Near End Balun Z = 100 Chm

Far End Balun Z = 100 Chm

Noni nal Bal anced Cable Z = 150 Chm

Bal anced Cable | oss at |owest test frequency = 0.5 dB = 0. 94406

In case 1 there is only 0.5dB attenuation in the presence of a ripple that wll
add anywhere from 0.354 dB to 0.6972dB of neasurenment error as shown in Figure 9.

L 4 |

i 4§ 5
D
e

GAI N (dB)

vy VV\W\/\A/\/\/\/\

iy NANA A

va\/\/\/\/\/\/\/

vl rrrr|yr1rrrr|{rrrryrrrryrTTrTrTTr T T TrTrororord

50 100 150 200 250 300 350

Bl

O

Figure 9 - Effects of m smatched baluns in a short DUT

For the matched case otherwi se identical to case 1:

Case 2 :

Near End Balun Z = 150 Chm

Far End Balun Z = 150 Chm

Noni nal Bal anced Cable Z = 150 Chm

Bal anced Cable |oss at |owest test frequency = .5 dB = . 94406

The insertion | oss equals the desired attenuation result and there is no ripple
to cause neasurenent uncertainty as shown in Figure 10.

GAI N (dB)
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-1.0

AN

2.0
2.5 \

0 50 100 150 200 250 300 350
freq, MHz

Figure 10 - Effect of matched baluns on a short sanple

Finally, for the case of at |least 6 dB of |ow frequency attenuation the results
are achieved w thout requiring a closely matched bal un

Case 3 :

Near End Balun Z = 100 Chm

Far End Balun Z = 100 Ghm

Nom nal Bal anced Cable Z = 150 Chm

Bal anced Cable | oss at | owest test frequency ~ 6 dB

Under a m smatched condition, the insertion | oss equals the attenuation plus the
m smatch | oss at the near end and at the far end. However, in this case, there
is sufficient attenuation in the cable at the | owest frequency to make multiple
refl ections inconsequential, so there is no ripple component of neasurenent
uncertainty. The mismatch loss error is still present, but it is ~ 0.3 dB out of
a neasured insertion |loss of ~ 6 dB

-5 \\
-10

GAI N (dB) -
-20
_254 \
-30 5 e e O O
0 50 100 150 200 250 300 350

£ v A~ A
reqg, Vil £

Figure 11 - Effects of m smatched baluns with 6 dB LF attenuation

Not e: The use of an attenuator for neasuring shorter lengths is not acceptable
because there is still msmatch | oss uncertainty due to the fact that the
attenuat or does not have any better match than the far end test port. Al so an
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addi ti onal uncertainty is introduced because a small value (cable attenuation) is
bei ng subtracted froma |large value, (attenuator attenuation). There are also
dynam c range i ssues for the instrunentation

7.1.1 Measurenment test fixture and neasurenment equi pnment

An instrument capabl e of supplying a sinusoidal signal is used as the signa
source and an instrument capable of detecting the anplitude of a sinusoida
signal is used as the signal sink. Two neasurenent test fixtures are required:
one for the source end and one for the sink end. Since nost source and sink

i nstrunments capable of using variable frequency sinusoidal signals are single
ended, a bal un [Picosecond Pul se Labs] or a hybrid [Picosecond Pul se Labs,
Mnicircuits] may be used between the instrunents and the test fixtures. |If a
source or sink is used that is capable of sourcing or sinking differential
signals then no balun is required for the differential source or sink

Equi prent Required: Network Analyzer ( HP 87xx Series )

A test fixture having 75W single ended paths for each signal line is used for

t he measurenent as shown in Figure 12 and Figure 13 and calibrated as shown in
Figure 14. This test fixture may be exactly the same as used for the inpedance
tests in Section 2.1.

TP1 pHysiCAL IUT

|<—>
BALUN | 150w SW l
A\ e N |

SINGLE ENDED ::::::::::ZZE

<>
SINUSOIDAL
SEPARABLE IUT
SOURCE 50W TEST FIXTURE
(NETWORK ANALYZER
PORT)

A = PERMANENTLY MOUNTED CONNECTOR ON THE TEST FIXTURE
B =PART OF THE SEPARABLE INTERCONNECT UNDER TEST
O = CONNECTOR

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT AT TP1

Figure 12 - Source-end test fixture for attenuation tests

The bal un shown in Figure 12 is 50 W single ended to 150 W differenti al
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PHYSICAL IUT TP2
B S —
y W 150W | BALUN
=—"" <
< > SINGLE ENDED
SEPARABLE IUT SINUSOIDAL
TEST FIXTURE SINK 50W
(NETWORK ANALYZER
PORT)

A =PERMANENTLY MOUNTED CONNECTOR ON THE TEST FIXTURE
B =PART OF THE SEPARABLE INTERCONNECT UNDER TEST
O =CONNECTOR

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP2

Figure 13 - Sink end test fixture for attenuation tests

The separable DUT is connected between the source and sink test fixtures.

7.1.2 Calibration procedure

A special “through” test fixture is used for the signal calibration process which
is exactly like the test fixture in Figure 12 and Figure 13 except that there are
no DUT connectors (A, D). See Figure 14.
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NETWORK NETWORK
ANALYZER ANALYZER
TP1, TP2
— | N
= =
@ @

Ol 50W| BALUN | 150w sW ¢ 7sW 150W | BALUN | 50W |G
SINGLE ENDED e SINGLE ENDED
SINUSOIDAL SINUSOIDAL
SOURCE 50W TEST FIXTURE SINK 50W

© =CONNECTOR

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT IUT CONNECTION POINT (TP1, TP2)

Figure 14 - Calibration configuration for attenuation tests

Using the instructions fromthe network anal yzer performa calibration scan over
the frequency of interest.

7.1.3 Testing procedure

Connect the DUT to the test fixtures shown in Figure 12 and Figure 13 (including
t he board nounted connectors).

Using the instructions fromthe network anal yzer perform an attenuati on scan over
the frequency range of interest. The instrunment automatically accounts for the
attenuation found in the calibration scan.

It is inportant to either separate or shield the baluns fromeach other when
measuring | ong cable sanples. Wen the attenuation of the cable exceeds ~50 dB
or the frequency is above approximately 150 MHz, potential direct coupling from
the near end to the far end balun will create an increasingly large ripple in the
attenuati on neasurenment that can cause a significant anmount of measurenent
uncertainty.

Figure 15 and Figure 16 show the effects of balun isolation.
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Figure 15 - Attenuation scan with proper balun isolation
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FIXTURE WITHOUT PROPER ISOLATION

\

-40

GAIN (dB)

-50

-60

1000000 1E7 1ES8

FREQUENCY ( MHz)

Figure 16 - Attenuati on scan w thout good bal un isolation

8. Near end cross tal k (qui escent noise)

This test is limted to a single option: the single applied pulse nethod. The
sum of the noise produced by all pairs on the REQ or ACK pair is the cross talk.
In this nethod pul ses with maxi numdi fferential anplitude, maxi nrum and ni ni mum
STD signal are applied to one pair at a tinme in the DUT, and the signal induced
on the REQ or ACK pair is nmeasured. The pair with the applied pulse is the
aggressor pair and a pair with the induced noise is the victimpair. If the REQ
is the victimpair then the ACK pair is included as an aggressor pair. |If ACKis
the victimpair then the REQ pair is included as an aggressor pair. The sum of
the noise fromthe aggressor pairs on the victimpair 1S the cross talk.

Single pulse tests elimnate the effects of resonance, are very determnistic in
t he causes of the induced noise (due to the mapping of the tine and space as in
the TDR tests), and produce the worst case results. It is necessary to reverse
the polarity of the aggressor signal to ensure that unintended conpensation from
the inperfections in the applied signal is not occurring.

The aggressor pul ses are of the same type used for the inpedance test: start with
singl e ended signals: + signal at +/- 250 nV and the - signal at -/+ 250 mV. The
+ signal and - signal pulses initiate in opposite directions to forma coll apsing
differential aggressor pulse ending at differential zero.

The use of actual worst case data patterns on the aggressor |lines has been

ext ensi vel y debated and considered. This is the natural excitation that is
initially considered. Extensive testing has shown that resonance conditions and
effects of test fixtures can severely distort the nmeasured results when using
real data patterns. Sonetinmes these effects inprove the cross talk performance
and other tines they exacerbate it. It is very difficult to diagnose the
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intensity and cause of resonance and fixture effects when using a real data
pattern. The single pulse elimnates these effects and gives a worst case result
that can be attributed to as nuch of the systemas desired. For exanple, if
connector term nation techni ques are causing the cross talk then that can be
reveal ed by exam ning the tine points associated with the term nati on points.

The val ue of the recorded disturbance in the victimline is the differential peak
val ue of the induced noise at a tine position within the DUT

This requirenment may appear contrary to logic that says the maxi mum di sturbance
occurs with the maxi num signal swing and that occurs with a peak to peak
measurenent. The reason that the peak neasurenent is the inportant paraneter is
that receivers nmeasure the differential signal froma differential zero position
Even if the intensity of the cross talk signal is greater with a peak to peak
measurenent the receiver will only be affected by that portion that deviates from
the zero differential level (i.e the peak |evel).

Since the cross talk is a linear function of anplitude it is not required that
t he actual aggressor signal be the maximumdifferential anplitude. A scaling
technique is used to conpensate for equi pment that is not capable of Iaunching
maxi mum anpl i t ude signals.

Al t hough cross talk is generally nore intense with shorter STD aggressor signals,
both the maxi mum and m ni mum STD signals are required to be used. This is to
cover the case where physical inperfections may extend over |onger distances and
therefore could yield a nore intense cross talk with | onger STD aggressor
signals. Cross talk does not necessarily scale linearly with STD. Therefore,
the specific STD requirenents shall be used.

In a SCSI cabl e aggressor signals on each of the DATA, PARITY, and REQ or ACK
pai r induces noise on the ACK or REQ pair respectively. Each DATA, PARTY, and
REQ or ACK pair shall be separately excited. The induced absol ute peak noise
(deviation fromzero differential) on the ACK or REQ pair neasured at a tine
position not associated with the test fixture is recorded as the cross talk
contribution fromthat aggressor signal. The results from each aggressor signa
are added to yield the total cross talk.

8.1 Sanple preparation

This test requires type B sanples as described in section 2.2.1

8.2 Test fixture and nmeasurenent equi pnent

The sane basic test fixture is used as for the inpedance tests. See

The measurenent equipnent is also the sane as for the inpedance tests except that
a separate receiving head is used for SM 1.

The I ength and properties of the 50 ohm | eads connecting the aggressor signal and
the victimneasurenent instrunent to the test fixture should be the sanme |ength.

8.3 Calibration procedure

The STD and tine reference calibration is done using the same test fixture and
nearly the same procedure as for the TDR tests in section 2.2.2 (using a short in
pl ace of the DUT for STD and reference tine calibration).

Noting the tinme position of the short establishes a reference tinme for
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determining the parts of the test configuration that are causing the cross talk.

A second calibration fixture configuration is used to verify that the fixture is
not causi ng excessive cross talk and to verify the time position of the TP1.
This second fixture is identical to that described in section 2.2.2 but with 100
ohm resistors added instead of shorts. The second calibration setup is shown in
Figure 17.

TDR INSTRUMENT (S1) TP1

50w

50W _O\gj]
50W % 100W RESISTORS

50W TEST FIXTURE

50w Il

MEASURING INSTRUMENT (SMI1)

© =CONNECTOR BETWEEN TDR CABLE AND TEST FIXTURE

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP1

Figure 17 - Calibration system for NEXT

The anplitude calibration is the sane as for the inpedance tests in section
2.2.2.4. Use the 100% differential anplitude as defined in Error! Reference
source not found..

Not e the exact settings used for both the m ni num and maxi mum STD condi ti ons as
these will be reused when doing the actual neasurenent.

8.4 Testing procedure

Using the test setup shown in Figure 18 apply the calibrated aggressor pulse for
the m nimum STD to the aggressor line, Sl1, and neasure the induced noise on the
victimline at SM 1.

Repeat the test exactly except with the polarity of the leads to S1 reversed.
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TP1

—>
SEPARABLE CABLE
TEST FIXTURE UNDER TEST

TDR INSTRUMENT
\ /7;
o

MEASURING
INSTRUMENT

A =PERMANENTLY MOUNTED WIRE CLAMP ON THE TEST FIXTURE
B =PART OF THE SEPARABLE CABLE UNDER TEST
© =CONNECTION BETWEEN 50WCABLE AND THE TEST FIXTURE

TO REPORT VALUES AT TP1

Figure 18 - Test configuration for NEXT

Note the largest peak (i.e. largest deviation fromzero differential) on the
victimline at a tinme position farther fromS1 than the tine position of the
short determined in the calibration. This largest peak fromeither polarity is
the value of the induced signal for that STD. Note that a peak to peak value is
NOT used. Both the absolute value of the induced signal peak and its percentage
with respect to the anplitude of the aggressor signal are recorded.
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Figure 19 - Exanple of cross tal k nmeasurenent

Repeat the tests for both polarity of lead attachnent to S1 with the maxi num STD
aggressor signal

The absol ute value cross talk is scaled to account for the actual anplitude of

t he aggressor signal. For exanple if the actual aggressor signal is 500 nmV peak
and the maxi num al | owed aggressor signal is 1000 nV then the neasured absol ute
cross talk result would be multiplied by 2.0.

The percentage result does not need to be scal ed.

Cross talk percent is calculated as foll ows:

IYNEXT = Speak absol ute differential induced voltages on REQ or ACK
peak to peak differential aggressor voltage

Note: Software filtering is not allowed for this test — hardware filters are required to
produce the rise tinme required.
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