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Execcutive Summary

Based upon further testing it is evident that a FAST-20 SCSI Bus is viable in both maximum number of devices and
also maximum cable length configurations as defined in the specification. Further analysis of data presented in this
paper impiies that proper cable construction is a must for reliable data transfer at proposed speed of 20 MB/sec. In
addition it is concluded that current cabling materials are adequate for Double Speed (20 MHz) operation given that
they are preperly screened for impedance values as defined by the specification.

Based on this investigation, it is concluded that to gain additional margin designers should pay special attention 1o
match cable impedance throughout the SCSI /O subsystem, to reduce and distribute equally the SCSI bus nodal
capacitance, to reduce device stub lengths, and to the proper design of the SCSI VO cell drivers.

Test Configurations and Procedures

Three SCSI BUS configurations were designed to determine the available margins in the current specifications to
support the 20 MB/sec transfer rate. Each configuration was adopted to test a certain aspect of the specification.
Each configuration was tested and waveforms were analyzed at 20 MB/sec using a modified silicon with standard
peripherals, hard drives and CD ROMs , from various manufacturers. These three general configurations have been
depicted in Figure 1 as case A through C.

- Case A was designed to test for maximum (3 meter) external cable length specification,
- Case B was included to test for maximum (8) number of internally connected devices.
- Case C was selected to test for a most typical Host Adapter configuration.

These configurations were tested under three different environments; (1) Fast-20 compliant ¢cabling environment,
(2) Off-the-shelf standard cabling environment, and (3) Standard cabling with additional capacitive loads added to
each SCSI devices, The results of these three different environments with their different configurations have been
documented and discussed next in this report under sections 1 to 3. In each instance a tabulated summary of the
ACK* and DB6* signal assertion and negation periods at each unit along the SCSI bus is given. Finally the actual
signals of each case at the I/O connector have been depicted in the appendixes A through E,

As part of the experiment the nodal capacitances of all the devices used for this experiment have been measured
across the frequency range of 1 to 20 MHz. In addition, nodal capacitance of peripherals from varicus
manufactures were measured . All of these measurements have been summarized in Appendix G. Furthermore,
Appendix F documents the TDR (Time Domain Reflectometer) measurements for all the SCSI cables used in the
experument,
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Fast-20 Test Topologies
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Section 1 FAST-20 Compliant Cabling Environment

All three configurations were tested using Fast-20 compliant cables. For external connectivity 50-pin high-density
to 50-pin high-density round shielded SCSI cables (1 meter) were used. For internal ¢onnectivity 90 ohm Teflon
flat ribbon cables were chosen. Case A configuration [3 external SCSI devices up to 3 meters long] was tested
under three different loading. First three low capacitance hard drives were tested. Next, higher capacitance hard
drives were tested. Finally three CD-ROMs were selected. Table | below summarizes the results for this case. For
a complete summary of this case refer to Appendix A. For Case A assertion period varies from 16.6ns to 24.8ns and
negation period varies from 23.8ns to 24.2ns for ACK* and DB6* signals. These data were sampled at the receiver
end of the SCSI targets. Fast-20 spec allows 2 minimum of 11ns for both receive assertion and negation period
which would provide about 3.6ns to 13.8ns of margin for the ACK* signal.

Table 1. Case A- Assertion and Negation Period Summary

Assertion (Note 1) Negation
Target Device ACK* DB6* ACK* DB6*
Unit 1 - 15 PF Hard Drive 20.6 19.8 240 238
Unit 2 - 15 PF Hard Drive 23.6 23.0 240 242
Unit 3 - 15 PF Hard Drive 24.8 2472 23.6 24.0
Unit 1 - 18 PF Hard Drive 252 23.5 24.0 238
Unit 2 - 18 PF Hard Drive 23.6 232 24.0 242
Unit 3 - 18 PF Hard Drive 24.0 244 240 25.0
Unit 1 - 12 PF CD-ROM 16.6 17.0 24.0 240
Unit 2 - 15 PF CD-ROM 242 23.2 238 24.0
Unit 3 - 12 PF CD-ROM 242 24.0 244 240

Note §. The assertion and negation timings were measured per the thresholds specified in the Annex B portion of the current
Fast-20 proposal {1.0V and 1.6V for assention and 1.9V and 1.3 V for negation).

For Case B configuration [8 internal SCSI devices up to 1.5 meters long] eight hard drives with similar nodal
capacitance were picked to represent a RAID type environment that is most likely to be used in this configuration.
The assertion and negation period for this case are tabulated in Table 2. These periods vary from 20.6ns to 27.6ns
for ACK* and DB6* signals yielding a 9.6ns to 16.6ns margin. The signals for this case have been depicted in
Appendix B.

Table 2. Case B Assertion and Negation Period Summary

Assertion Negation
Device ACK* DB6* ACK* DB6*
Host Adapter 27.6 27.2 21.0 216
Unit 1 - 15 PF Hard Drive 276 27.6 21.6 216
Unit 2 - 15 PF Hard Drive 27.2 27.4 21.0 21.6
Unit 3 - 15 PF Hard Drive 27.4 274 21.2 21.0
Unit 4 - 18 PF Hard Drive 27.6 272 20.8 214
Unit 5 - 18 PF Hard Drive 27.2 27.0 210 20.8
Unit 6 - 18 PF Hard Drive 26.8 27.0 22.0 22.0
Unit 7 - 18 PF Hard Drive 272 27.4 21.0 20.6
@ﬂadapl'ec Section 1 Page 3



The last configuration tested in the FAST-20 cabling environrnent was Case C [2 internal Hard drives and 1 external
CD-ROM]. Although various mixes of devices were tested like one internal HDA and one intenal CD-ROM with
an external HDA only the results for one case has been documented in this report since no significant variation was
observed. Appendix C documents the detailed setup and depicts signal quality at alf the nodes of this case. Table 3
surnmarizes the result for this case. The assertion and negation periods varies from 18ns to 29.2ns yielding a 7ns to
18.2ns of margin.

Table 3. Case C Assertion and Negation Period Summary

Assertion Negation
Device ACK* DB6* ACK* DB6*
Unit 2 - 15 PF Hard Drive 29.2 270 18.0 21.0
Unit 1 - 15 PF Hard Drive 284 26.2 19.0 22.0
Host Adapter 272 27.0 22.0 22,0
CD-ROM - 12 PF CD-ROM 26.4 256 24.0 220

The figures show that the driven SCSI signals attenuates more for Case B (with more loads attached to the SCSI
cable) than for Case A or C. The signal quality when using Fast-20 compliant cable would yield enough margins in
most applications to ensure reliable operation at 20 MHz.
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Section 2 Standard Cabling Environment

This part of the experiment was focused on examining the signal quality on today’s regular off-the-shelf
standard SCSI cables. For this investigation cases A and B were picked. Case A was chosen to examine
the effect of the externally shielded standard high-density to low-density (Centronics) cables. Case B was
chosen to examine the effect of standard off-the-shelf ribbon cables commonly used for internai
connections. The results of these cases were compared to the specific FAST-20 cables that were used in the
original experiment (Section 1). Appendix D depicts the actual waveforms for ACK* and DBé* for worst
case unit under the test for each of the case A and case B. The worst case unit in both cases was the unit
closest to the Host Adapter. Appendix F includes the TDR measurements for the standard cables that were
used in this experiment.

Tables 4 and 5 tabulate the assertion and deassertion periods for Case A and B respectively for both
standard and FAST-20 cable environment.

Table 4: Standard vs. Fast-20 External cable comparison under Case A

Fast-20 Cables Standard Cables
Assertion Negation Assertion Negation
Target Device ACK* DB6* ACK* DB6* ACK* DB6* ACK* DB6*
Unit 1 - 15 PF Hard Drive 20,6 19.8 24.0 23.8 28 28 20 20
Unit 2 - 15 PF Hard Drive 23.6 23.0 24.0 24.2 20 20 24 22
Unit 3 - 15 PF Hard Drive 24.8 242 23.6 24.0 27 28 21 22

Table 5: Standard vs. Fast-20 Internal Ribbon cable comparison under Case B

Fast-20 Cables Standard Cables
Assertion Negation Assertion Negation
Target Device ACK* DB6* ACK* | DB6* ACK* DB6* ACK* DB6*
Host Adapter 276 272 210 21.6 26.0 24.0 240 25.0
Unit I - 15 PF Hard Drive 27.6 272 21.0 21.6 22.0 225 26.0 26.0
Unit 2 - 15 PF Hard Drive 27.2 274 21.0 21.6 24.0 24.0 24,0 24.5
Unit 3 - 15 PF Hard Drive 27.4 27.4 21.2 21.0 24.0 24.0 24.0 24,0
Unit 4 - 18 FF Hard Drive 27.6 27.2 20.8 21.4 22.0 24.0 240 250
Unit 5 - 18 PF Hard Drive 272 27.0 21.0 20.8 24.0 24.5 24,0 24.0
Unit 7 - 18 PF Hard Drive 27.2 272 21.0 20.6 24.5 24.5 24,0 24.0

Examining the data above and also the signal quality as shown in Appendix D it can be concluded that a
Double Speed operation could be achievable using currently available cables. The caveat is that the cables
should meet the impedance guidelines as specified in SCSI spec. This also implies that no exotic or special
materials/cabies are required for a FAST-20 environment. This would mean the purchasers of FAST-20
cables should now make sure to specify a FAST-20 impedance requirement. Suppliers of FAST-20
assemblies would probably be required to implement quality control procedures to ensure that both their
incoming materials and outgoing materials meets the impedance specification of FAST-20.
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It is our opinion that low impedance cables used carelessly in the system will not allow reliable operation at
Double Speed (20 MHz). There seems to be enough margins for 10 MHz operation in such cables (as low
as 60 Ohms) but they will start to have a marked impact at 20 MHz operation. Therefore, tighter
impedance control is essential for Double Speed operation.
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Section 3 Effects of Added Capacitance

This last part of our experiment was designed to examine the effects of target capacitance on signal
integrity. For this experiment Case C was adopted since it is believed that it represents the most typical
end-user environment. As such this case is the most susceptible to both cable mismatches and also devices
with capacitances higher than specification allows. Therefore the standard cable environment was chosen
since these cables are commonly available to end users. Ceramic disc capacitors ranging from 10 PF to 50
PF were added io all the three targets on the SCSI bus.

Appendix E shows the waveforms taken for this configuration when no additional capacitance was added
(baseline) and when additional 10 PF and 50 PF were added to the SCSI devices. Comparing these
waveforms with those of Section 1 of this report indicates that adding these capacitive loads does not
increase signal degradation as much on the receiver input of the SCSI device as compared to signal
degradation due to cable impedance mismatch as discussed in Section 2 of this report. However, we have
seen on other configurations that at certain cable spacing the capacitive loads causes severe signal
degradation due to positive reflections that occur during high to low transitions or negative refiections that
occur during low to high transitions. Therefore, low capacitive loading is stitl much desired in a heavily
loaded configurations but for this special configuration there seems to be enough margins to support
Deuble Speed operations reliably. Table 6 summarizes the results of our testing for this section.

Table 6: Case C with added Capacitors Assertion and Negation Period Summary

Assertion Negation
Device Baseline ACK* DB6* ACK* DB6*
Unit 1 - 18 PF HDA 28.0 272 20.8 21.2
Unit 2 - 18 PF HDA 28,6 28.2 20.2 20.8
Ext. 15 PF CD-ROM 27.6 278 20.8 20.6
Devices with 10 PF
Unit 1 282 26.0 212 212
Unit 2 28.8 29.0 22.0 202
Ext. CD 27.8 278 204 20.8
Devices with 20 PF
Unit 1 282 27.8 19.4 19.8
Unit 2 27.6 274 20.0 204
Ext. CD 27.8 280 21.2 214
Devices with 39 PF
Unit 1 28.6 27.8 19.6 19.8
Unit 2 278 272 198 194
Ext. CD 274 282 21.0 19.6
Devices with 50 PF
Unit 1 29.0 28.6 18.2 18.6
Unit 2 29.4 272 16.8 194
Ext. CD 28.6 288 19.2 18.0
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Section 4 External Enclosure Design Concerns

During the course of studying nodal capacitance we made an interesting observation on cable construction
of external enclosures. In most such systems a butterfly type (or V shape) cable assembly is utilized to
make the connection from external casing to the connector on the device and back to the external casing.
The industry as a whole is moving toward using high-density connectors. However, the move to 50-pin
high-density connectors for external enclosures is out pacing their usage on SCSI devices. Therefore, for a
period of time a special butterfly cable is required to conmect high-density connectors at each end of the
cable to the standard 50-pin connector sitting in the middle of the cable. To construct such cable one needs
to separate the treads to make connection to 50-pin high-density connectors because of the size mismatch
between the two types of connectors.

It has been observed in our experiments that if the flat ribbon cable treads are separated the inductance
between both ends of the butterfly cable increases. The larger the portion of the separated treads the larger
is the end-to-end inductance. This inductance in series with the drive capacitive loading has a large impact
on the total capacitance of the external enclosure. To make things worse this effective capacitance will
increase with increasing frequency in a non-linear fashion. So where the capacitance of the device itself
could be constant over the frequency range of § MHz to 30 MHz the effective capacitance of the external
enclosures could vary substantially. In the cases that were tested, the effective capacitance of the external
enclosure at 20 MHz was as much as two to three times the capacitance at 1 MHz with the effective
capacitance increasing non-linearly above 12 MHz. See Appendix G.

To overcome this problem for our Case A and C measurements that used external enclosures the standard
butterfly cables inside the enclosures were replaced with cables that had minimized the separated portion of
the cable. The effective capacitance of the enclosure using the new butterfly cables only changed
minimally (less than 5 PF) over the frequency range of 1 to 20 MHz.

Based on our observation it is a strong recommendation of this study that if external connectivity is
required for Double Speed operation vendors of such systems must take special care in construction of
their butterfly cables. If at all possible one should avoid a 50-pin regular type connection to a high-density
connector. However, this could be not be feasible until all 8-bit SCSI devices use 50-pin high-density
connectors. So in the mean time it is recommended to keep the wings of the butterfly cable as short as
possible but more importantly to keep the portion of the separated treads of the cable to a bare minimum
and keep the flat-ribbon portion as much as possible.

50-pin
50-pin SCSl-1
High-density Connector
Connector
= .
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Appendix A: Case A Analysis under Three Different Loading

Tested Configuration

Case A

Fast-20 Fast-20 Fast-20
1m 1m 1m
Host N/ —\/— —\_
15pF | 15pF | | 15pF
Hard Drive Hard Drive | | Hard Drive
. L .
Unit 1 Unit 2 Unit 3
» Configuration: Test Case A - using three 15 pF identical hard disk drives
Cables: 1 meter Fast-20 compliant (90 ohm) round shielded
¢ Host Adapter: Adaptec AHA-2940 PCI Host Adapter modified to supply ACK/Data pulses at 20 Mhz
s Terminator: Active (regulated} on last drive

Table Al: Test Case A- Assertion and Negation Period Summary

Assertion Negation
Target Device ACK DBé& ACK DRB6
Unit 1 - 15 pF Hard Drive 20.6 19.8 24.0 23.8
Unit 2 - 15 pF Hard Drive 236 230 24.0 242
Unit 3 - 15 pF Hard Drive 248 242 23.6 240
Unit 1 - 18 pF Hard Drive 25.2 235 24.0 23.8
Unit 2 - 18 pF Hard Drive 23.6 232 24.0 24.2
Unit 3 - 18 pF Hard Drive 24,0 244 24.0 25.0
Unit 1 - 12 pF CD-ROM 16.6 17.0 240 24.0
Unit 2 - 15 pF CD-ROM 24.2 232 238 24.0
Unit 3 - 12 pF CD-ROM 242 240 24.4 24.0
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Test Case A with 3 15 pF Targets - ACK @ Unit 1
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Test Case A with 3 15 pF Targets - ACK @ Unit 2

Tek 2.00G5/s 829 f.cqs |
L X 1
L 1 - ———— II ety .‘.

1A 800mY
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Test Case A with 3 15 pF Targets - ACK @ Unit 3
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Test Case A with 3 15 pF Targets - DB6 @ Unit 3
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Tested Configuration

Case A
Fast-20 Fast-20 Fast-20
1m 1im 1m
Host — N\ N\
| 18pF | | 18pF | 18pF |
* Hard Drive | . Hard Drive | | Hard Drive |
Unit 1 Unit 2 Unit 3
» Configuration: Test Case A - using three identical 18 pF hard disk drives
Page 13
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Test Case A with 3 18 pF Targets - ACK @ Unit 1

[Tek SN 2.00GS/s 2637 Acqs |
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Test Case A with 3 18 pF Targets - DB6 @ Unit 1
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Test Case A with 3 18 pF Targets - ACK @ Unit 2
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Test Case A with 3 18 pF Targets - DB6 @ Unit 2
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Test Case A with 3 18 pF Targets - ACK @ Unit 3
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Test Case A with 3 18 pF Targets - DB6 @ Unit 3
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Tested Configuration

Case A
Fast-20 Fast-20 Fast-20
1m 1m 1m
Host —\/ —\/ N
12 pF | 15pF | 12 pF
- CD-ROM CD-ROM CD-ROM
Unit 1 Unit 2 Unit 3
¢ Configuration: Test Case A - using three CD-ROM drives
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Test Case A with 3 CD-ROM Targets - ACK @ Unit 1

 ——————
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Test Case A with 3 CD-ROM Targets - DB6 @ Unit 1
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Test Case A with 3 CD-ROM Targets - ACK @ Unit 2
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Test Case A with 3 CD-ROM Targets - DB6 @ Unit 2
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Test Case A with 3 CD-ROM Targets - ACK @ Unit 3
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Test Case A with 3 CD-ROM Targets - DB6 @ Unit 3
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Appendix B: Case B Analysis
Tested Configuration

Case B

Teflon Ribbon

e 1.5m »
Host ) | A S SR V——\
| spF | 18pF i aspF | mpF || 1BBF | 18pF | 1spF

|Hard Drivel ‘ Hard DI'IVE‘ Mard Drive. Hard Drive |Hard Drive; |Hard Drivei \Hard Drive,

Unit #1 Unit #2 Unit #3 Unit #4 Unit #5 Unit #6 Unit #7

s Configuration: Test Case B using seven hard disk drives
= Cable: 1.5 meter 8 connector Teflon ribbon
» Host Adapter: Adaptec AHA-2940 PCI Host Adapter modified to supply ACK/Data pulses at 20 Mhz

s Terminator: Active termination on the drive

Table B1: Test Case B Assertion and Negation Period Summary

Assertion Negation
Device ACK DB6 ACK DB6
Host Adapter 27.6 272 21.0 21.6
Unit 1 - 15 pF Hard Drive 27.6 27.6 21.6 21.6
Unit 2 - 15 pF Hard Drive 27.2 274 21.0 21.6
Unit 3 - 15 pF Hard Drive 274 27.4 21.2 21.0
Unit 4 - 18 pF Hard Drive 27.6 27.2 20.8 21.4
Unit 5 - 18 pF Hard Drive 27.2 27.0 21.0 20.8
Unit 6 - 18 pF Hard Drive 26.8 27.0 22.0 220
Unit 7 - 18 pF Hard Drive 272 274 21.0 20.6

The following pages of waveforms from the oscilloscope give more detail as to the signal degradation.
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Test Case B with 7 Targets - ACK @ Host Adapter

Tek Run: 500kS/s Sample
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Test Case B with 7 Targets - DB6 @ Host Adapter
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Test Case B with 7 Targets - ACK @ Unit 1
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Test Case B with 7 Targets - ACK @ Unit 2

Tek Run: 500kSss Sample
: 1A 760mv
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Test Case B with 7 Targets - DB6 @ Unit 2
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Test Case B with 7 Targets - ACK @ Unit 3
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Test Case B with 7 Targets - DB6 @ Unit 3
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Test Case B with 7 Targets - ACK @ Unit 4
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Test Case B with 7 Targets - DB6 @ Unit 4
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Test Case B with 7 Targets - ACK @ Unit 5
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Test Case B with 7 Targets - DB6 @ Unit 5
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Test Case B with 7 Targets - ACK @ Unit 6

Tek Run: 500kS/s Sample
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1.00V 10.0ns 15:34:20

Test Case B with 7 Targets - DB6 @ Unit 6

Tek Run: 500](5:’5r sample

1=

- 1A Boomy
JA: 26.6ns
j@: 1.60V

“WMT00ps ChT v T=TmV 20 Oct 1994
1.00V 10, 0ns 135:35.00
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Test Case B with 7 Targets - ACK @ Unit 7

Tek Run: 500kS/s Sample
I

L 1

._
) (=5

A 760mY
1A: 26.8ns
L] @: 1.60 VW

1.00V 10.0ns

WM Toops Chi~

=TmV 20 Oct 1994
15:35:40

Test Case B with 7 Targets - DB6 @ Unit 7

Tek Run: S00kS/s Sample
I.

T 4A: 820mv
1A 27.0Nns
1@; 1.66 vV

— ¥ To0ms Chi v

hesiaa
—1mV 20 Oct 1994

15:36:24
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Appendix C Case C Analysis

Tested Configuration

Case C

Teflon Ribbon 1m Fast-20
e 75m » m round shielded
—L VA 0s N
. 15pF | - 15pF | u 12pF
Hard Drive| |Hard Drive’ CDROM
[E— -
Unit 2 Unit 1

s  Configuration: Test Case C - using 2 hard disk drives and a CD-ROM
e {(ables:

.75 meter 3 connector intemal teflon ribbon cable

1 meter Fast-20 compliant round shielded

¢ Host Adapter: Modified AHA-2940 which supplies ACK/Data pulses at 20 Mhz

s Terminator: Active termination at the CD-ROM - active termination from the hard drive

Table C1: Case C Assertion and Negation Period Summary

Assertion Negation
Device ACK DB6 ACK DB6
Unit 2 292 27.0 18.0 21.0
Unit 1 284 262 19.0 22.0
Host Adapter 272 27.0 22.0 22.0
CD-ROM 26.4 25.6 24.0 22.0

The following pages of waveforms from the oscilloscope give more detail as to the signal degradation.
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Test Case C - ACK @ Host Adapter

Tek EEH 2.0065/? 1162 Aﬁgqs
L

. . . . . [ . :

A g2omv
A 26.6NS
w160V

~M10.0ms Chi " T.60V 21 Oct 1984

15:47:48

1A 720mV
1A 26.8ns
| 1.56 V

1Ch 1 ] A

—H10.0Rs T

hi U 1.00V 27 Oct 1994
15:48:43
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Test Case C - ACK @ Unit 1

E

P 1 DI
15

Tek 2.00GS/s 759 Aﬁv_:qs i

L h |

L 7 ) )
5 L “1a: socomy
- 1Az 27.2ns

r'_ L@ 1.64 ¥

I+ :
o I
I
I

WM 10.0ns Chi v 1.00V 21 Oct 1994

15:45:40

A B40mV
JA: 27.2ns
{@: 1.66 v

~M16.9As Chi~x

T80V 21 Oct 1094

13:46:50
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Test Case C - ACK @ Unit 2

Tek TR 2.00GS/s 1076 A*t_:qs !
I 1
| § L4 | 1
“{A: sao0mv
14 26.8ns

@ 1,56V

Clﬂ IOOV ' - "M'I'I'."l.'o'risi Chl'\.100\v‘ 21 Oct 1994
15:43:37

Test Case C - DB6 @ Unit 2

Tek 2.00G5/s 571 Aﬁt_:qs
I
L

Y

: ! i T T T A 780my
: ; - - - - - : : 1A’ 27.0ns
.F o e 1.58 Y

T.00 V21 Oct 1994

15:44:17
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Test Case C - ACK @ CD-ROM

Tek 2.00GS/s 2684 Acqs
I
L

“la: 820mv
1A 25.2ns
Cd@i 162 v

\

~Mi0.0ns Ch1 L 1.00V 21 Oct 1994

15:50:47

Test Case C - DB6 @ CD-ROM

Tek EEH 2.00GS/:5 1192 A“t_:qs
L ¥

II._._E....:. T AL 740my
i . . . . : 24.8ns
t1.54 V¥

ab

0V T M 10.0ms Chi v 1.00V 21 Oct 1994
15:52:47
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Appendix D Waveforms for Section 2

This appendix shows the waveforms discussed in section 2 of this report. These waveforms have been derived

from Case A and Case B (refer to Figure 1 of main report). They show the signal at Unit 1 which is the worst case
in both cases.
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Tek SR 2.00&‘3!? 1387 Ahi_&‘s .
L at 1 |
E) T & - bl ] s S

At SE0mV

AR PRSP LG S SR

1.00 ¥

2 Nov 1998 — —
16:57:29
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Test Case 7 Units with Standard Ribbon - ACK @ Unit 1

Tek §FER 2.0 DGS/f 2246 Aigqs |
= 3
L [ 1 3
: I N {A: so0mv
T A 2T_6y5
......................... = el I .. B 1.58V
[ ]
l.-

I
[ : : : : i : ] 4 : h
A I S SR SN | S - M I
Wi 108V ™M 10.005 Chi +  71.00 ¥ 2% Oct 1993

14:57:.323

A: g00mMV
Al 732.0n5
Ja@:1.62v

RIS T W P - SO Tt N : 3

M 10078 CAT v 1200V 25 Oct 1994
14:58:19
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Appendix E Waveforms for Section 3

Three waveforms have been depicted. The first is the baseline, with no added capacitance. The second and third
are waveforms for 10 PF added capacitance at each node and 50 PF added capacitance for each node. Remember
that standard cables have been used and the configuration that is used in Case C (see Figure 1 of main paper). The
waveforms for ACK* and DB6* is shown at Unit | which is the worst case scenario in each case.
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Test Case Baseline - ACK @ Unit 1

Tek Run: 2.BOGSIsr Sample
L

o
et

.....

1.00¥ 1g.ons

i

Test Case Baseline - DB6 @ Unit 1

A Z26mY
M 27.60S
i@ 1.64 vV

TTO0V 27 Oct 1954
11:04:37

Tek Run: 2.00GS/s Sample
E

100V 10.0ns

11:65:02

27 Dt 1984
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Test Case with 10 PF - ACK @ Unit 1

= 1A Boomy

[ i : : CE : : : 14: 274058

R R R R L L ‘:....:..__-@.-1.54!;
3 . . . . {;:
[—-

|-

£ - : : 2 {a: 820mv

: : : - 4 : : : - JA: 25 0ns
SR S AP S : : : 1@: 1.6a v
3 : : K
k
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Test Case with 50 PF - ACK @ Unit 1

Tek BN 2.00GS/S 408 Acgs
i il

T 1
T —

BT R o ons Gl w100V 25 Oct 1994
15:20:05

sszaggqs_ : .
' PR TP T ia: ssemv
: : : : : ial 28 6ns
Jd@e: 1.8 ¥V
V28 Oct 1984
152115
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Appendix F TDR Measurement

The testing was performed using a Tektronix 1502C Metallic Time Domain Reflectometer (TDR). This instrument
sends an electrical pulse down the cable and detects any reflections. It can measure the return loss of the pulse as
well as the impedance at any point along the cable. The rise time of this unit is less than 200 ps which meets the
SC8I-3 spec of less than 500 ps.

Measurement Technique

The test fixture consists of a short coaxial cable from the TDR which is terminated in ¢lip leads which are clipped
on to the mating connector of the cable being tested. The cable is terminated on the other end by utilizing a small
PC board which has two female connectors which acts as a gender changer. The grounds are connected together by
soldering a bus wire across them for single ended testing as called out in the SCSI-3 spec. The cable impedance is
measured between the signal wire of a particular wire and the and the ground of all pairs connected to the shield.
For more details on the cable measurement method consult the SCSI-3 specification.

The proposal for Fast-20 currently states that for single-ended applications the maximum cumulative length of the
signal path from terminator to terminator shall be 3.0 meters, 25 meters for differential. The signal path shall have a
characteristic impedance of 90 ohms +/- 6 ochms for the REQ and ACK signals and 90 ohms +/- 10 chums for all
other signals. This is different from the SCSI-3 specification of 84 ohms +/- 12 ochms for all signals. Differential
impedance is currently not stated in the Fast-20 proposal. The stub length shall not exceed .1 meter for single-ended
and .2 meter for differential. The spacing of devices shall be at least three times the stub length to avoid clustering.
The bus width shall be constant, that is 8-bit and 16-bit devices cannot be mixed on the same bus.

Cables

The cables tested were | meter and 3 meter prototypes. The TDR can "look" more in depth than the techniques
used by cable vendors. They simply do not have the time to check all their cables to that extent. These cables use
polyolefin insulation and have a velocity of propagation (Vp) of .71. This is a ratio of the speed that electrical
energy travels through the cable relative to the speed that electrical energy travels through a vacuum (which
happens to be the speed of light).
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Fast-20 1 Meter High Density Active Terminated

Table Name:Lynn Fast-20 External Length: T m. Term: Methode Active Summary
— 50 Condoctor
[Tesl Cases - Single-Ended Primary Bus L 0) Wax Pelta Al Lines Delta
[ Measure between and :
Connedior contachk 2 - DBD Ground 82.20 9250 T30 | [Ave. Min. 5442
Anecior contacik 4 - DB T Ground i Re) U370 580 AvE. TWax. U321
Connector contaci# 6 - DBZ Ground 3450 9240 7.50. in. MInImurT 8BTS0
[Co: mactor contach? & - UB3 Ground i §2.10 9960 750 VX, Minimam g8.70]
[T-..-~ector conkach 10 - DB& Ground 83,30 Yoo B.BU in. Maximuom 3870
Coriiector confack 12 - UBS Ground 8300 O0.80 7.80 ax. Maximum G5 50
Tonnecior contact 14 - DBG Ground 8340 9050 70 Tota ta 660
fConnedior contact#® 16 - DB7 Ground B4 30 90.80 8.30°
Connector coniac# 16 - DBF Graund B2.50 50.60 a0l Data Lines Della
Conneclor cortact 32 - AFTN around B7.90 g7.00 910
Connecior contacti 36 - BSY Ground 88.70 S4.00 980 ve. Min. BIT25
[Connoector contac 38 - ACK Ground . 86.70 ©7.20 T0.50 ve, Max. 81,20
Cannedor contacH# 40 - RS T Ground , e U670 870 N, Mirarmum 8210
Conneclor contach 42 - MSG Ground 1.5 85,70 6.80 ax. mmuom B350
Conheclor contach® 44 - SEL Ground 5310 e[ V.00 ViR, Maximom 89.60
[Connector contact 46 - Ground 85.90 55.80 Q.90 ax. Maximum U370
onn r con - Ground BA50 95,30 10.8C Tota a T80
[Connector contact# 50 - FO Grourd B350 97.70 1420
ckLnes
Ave. Min. 35.60
Ave. Max. .25

B:rstr srssennmay m ﬂ
Dritanc DY o nenn | THidRY
Vertical Scals..... 5:1.:3 | Y5
PO cnayemmmama 4,79

* Moiee Filtetiviann | Xrs
m‘-.--«b—.oa.‘:

}

B B 0020

b

o -l
- 1 ftAdi

Hotsw Filet uanves T aws
[ % R~

Date — _
cab‘* ﬁi’ &z £ &
Motes __ BCE oy

“Ehc’;’ﬂt_"

A{);m- ‘ﬁnmh

P DT R—

Lt

input Trace
Stored Trace

-y ——

- — ——
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1.5 Meter Normal Density Teflon Ribbon Active Terminated

[Cable Name: Teflon Ribbon Cength: 1.5 m. [Term: Methodé Active
[~ Low densiy 50 CONJUGCIOr
[ Test Cases - Single-Ended Primary Bus Whin WMax | Defa
[~ Measure between and
Connector confact 2- DB Ground 9250 T05.70 T2BC TG 41
Connecior comac® 4 - DB1 Ground 93.40 TOB.50 15.50 T20.35|
Connector contack# 6 - DB2 Ground 95.10 10610 TT00 BZT0
Connecior contacht § - DB3 Groond 9640 T05.90 950 13450
[Connector contac# 10 - DB4 Groond g7 T05.10 780 10447
[Connector contact 12 - DBS Ground 9580 10440 B.50] T63.20
Connecldr cortact# 14 - DBE Ground j TOBY0 T21.70 1300 70.30
Connector COREcHE 16 - DB7 Ground g3 A0 580
Conneclor corfac 18 - DBP Ground : TOE 70 T84t 7T ata Lines Delta
Conneclor confach# 32 - ATN Ground 134.50 163.20 2870,
Connector contach 36 - BSY Ground 13280 156510 23.50] ve. Min, 10091
[Connector contact¥ 38 - ACK around TI080 12570 14.90 Ave. Max. TH3.37
Connector contach 40 - RST Ground 104.70; T1L 20 EXOTI n. mmum 290
Connecior conlach 42 - MSG Ground 105.40; 1320 E:3%: 0] AX, WM 11830
Connedior conlach# 44 - SEL Ground 1Y) 110,30 1070 n. Maximurm 10330
Conneclor contacH 46 - LD Ground 5970 TI0.60 T0.50! ax. Maximum 14410
[Connecior confact 48 - REQ Ground 0550 16570 T1.20; Total Delta B1.20
Connector contat# 50- 10 Ground 17790 3430 7000
t | |Req nes
Ave. In. T08.75]
Ave, Max. T21.20
In. Minimum TUS.0U
Max. Wimmarm TTOBU]
MR Maximum | 118.70]
ax. Maximum 12570
: Totat Delta 20.20]

CLY S senrsavsus ZulTS B
Distancp /DY canse D5 midiv
VYertical Scale, ... S0.0 we/div
VP EX T T TR LAY YT ) DO‘m

Noviee Filter ...... 1 avs
Power ..cocninves #C

1 aneL e L T,

CUrsor esrevecas. 22298 &
Dotance /DY o ao.. L5 midiv
Vertical Sciltasse S0.0 arsdiv
L IS —— Ry ¥ ]

Notor FIREr saeee- | avs
Powr cussusammny 3

LI L Ty —
H

SRR L e
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0 .75 Meter Normal Density Teflon Ribbon Active Terminated

[Cable’Name:Teflon Ribbon Lengthr .75 m. [Term: Methode Active Summary
[ Low densiy 50 Conducior
[Test Cases - Single-Ended Primary Bus Win Wax~ | Deila Al Cines Delta
[ WIéasure beiween ard
{Connecior contach 2 - DB0 Ground 10530 11450 oo [Ave. Min. TOT.05]
Connecior contachE 4 - DB Ground 10530 11330 740 [ Ve, Max. T15.65|
[Conmector coMac 6 - LB Ground 0420 TTZ10 78 . Minmum 5.20)|
[Connector comact® 8 - D83 Grourd 10460 114350 .90 ax. Minirmum TOE. 30|
Connector comac® 10 - DBF Ground 10360 13430 120 T, Maximum 120
Connector contact 12 - DBS Ground T04.30 17350 T20 Max. Maamum 12580
Connector contacH# 19 - UBB Ground J07.50 TZZ A0 2090 Total Delta 3060
Connecior contacH# 16 - UBT Ground U920 125.80 30.60
Conneclor contact# 18 - DBP Ground 050 121.70 2120 nes Delta
Connecior contacH# a2 - ATN round .30 120.50 23.20
Connecior cortact® 36 - BSY Ground ~ G380 T 50 2270
[Connecior contact® 38 - ACK round ¥y .10 18,10 20.00
Connecior contacH# 40 - RST Ground 96.80 11830 Z7.60
NRECIOr GO - around 86.70 TL0.20 23,90
[Conneclor conlaci® 44 - SEL Grourid g7.30 TT9.ED 220U
Connector conac® 46 - G0 Groung O8.70 TZT.00 2230
nnector con - Gréand T00.70 12020 15.50
Conneclor contach¥ 50 - 70 Ground 108.40 12250 1470
|
TIHES
o810
10070
19,10
T20.20
{ [Tofal Defta 2710

LUrSH cvevnenere 1.7TIE B
Distance /Div ... 0.5 n/div
Yerfical SCil. . 50.0 nefdr
w Skddhsardrexna n-m

Meise FHber canees | avs
POwer v eanannana aC

DSt voseosnwas 1778 B
Distance /DY ..o - .- 0.5 a/diy
Yerticai Scale.... 50.0 oo /Sdiv
| { SR | Sy 1]

Notre FiHaraevese T 2w9

POWEl sevunssmnns 3C

Tekbrorix 1502C TOR
Date __Tlgppy
CaleiEe &Sy o3 pin
Notes e = GF ‘

-

= -vga PR i pm

f. " i

Input Trace
Stored Trace

L REAME BEASE S wwh

Telttronis 1502C TDR

Pate ___ Thesy

Motes ALk g G\

Aoss e,

3 P

., . 0.

FrgakpvEEbEe

Lowt) Dens :‘%
purt Trace e
Stored Trace

Cahle _dﬁmgp&

@ adaplac

Appendix F

n2

o

Page 45



External Centronics 3 Ft. Single-Ended Active Terminated

Cable Name:Adaptec External Tength: 3. |Term: NMielhode Active Summary
50 Conductor
[Test Cases - Single-Ended Primary Bus — M Wax Delta ATLines Delta
Measure belween ang
Connecior contact# Z - DBD Groond 85730 88,40 70 Ve, M. B3.0Z
[Conniector contacH 4 - DBT Ground 5120 B5.80 T80 Ave, Max. BY.08]
Corinector contactk § - DBZ Ground 3130 B5.00 [:% ] TN, Minimum 78.50
Connector contaca ¥ - DB3 Ground BT.70 B7.10 530 Max_ Minmum 56.40]
Connecior conlac# 10 - D64 Groung BTE0D By.00 540 In. Maxintum 540
Comnecior conact# 12 - D85 Ground B0.50 BE.5D 500 ax. Maamum OZ.Z0
Tonnecior contach® 14 - U8B round 80.50 B6.40 5.90 ofal Telia 1370
Conneclior confacH# 16 - OB7 Ground 7380 BE6.30 6570
Conneclor contach# 18 - UBP Ground 73.50 34.70 .50 Data Lines Delta
Conneclor contac# 32 - ATN Ground B85.20 §0.70 5.50
Conneclor contacl# 36 - BSY Ground 24380 9080 B0 Ave. Min. 80.50
[Connector contact¥ 38 - ACK Ground 8610 91.00 50 Ave. Max. B7.00
Connector contac# 40- RST Ground ! 8490 9220 730 Min. Minimom 7850
Conneclior confach# 42 - WSG Ground t .10 y.70 [sRt:14] ax. Minimum c1.90
Conneclor confach 344 - SEC Ground : B S0.60 B.00 W& 2210
Conmector contact# 46 - C/ID Ground B B0 90.80 (% ax. Maximum | 89.80
nnector con -REQ Eround BE.4D 51,90 5.50 [ 10.30
[Connecior cormact 50 - 70 Ground B6. 207 G130 560
nes
Ave. Min. B6.25
Ave. Max. oTa5
N, Woimwn | 5. 10
ax. Minimum | 86.40
TN, Waximum g1.00
Max. Madmum g7.80
Total a L0

Vertical Scale. ... 50.0 apddiv -

W LTV }"‘.iu_-.;i-u »

e

Tive

-w.":i.li'i lltSI?“ ft
“Wertical Scile..... 50.0 mridiv
YR sisiiamannenas D65 '
m m.ibiso ! 3‘3‘
W.-.-...’.-’ : )
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T

oL O
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1.5 Meter Ribbon Single-Ended Active Terminated

Cable Name:Adaptec ribbon LengthT.E m [Term: Methode Active Summary
B0 Conducior
[TesT Cases - Singe-Ended Prmary Bus Min Max Delta Al Cines Delta
Measure between ang
Connecicr conlach 2 - DBU Ground J3.60 02,90 93T Ave. Min T04.08
Connecior contaci 4 - DB1 Eround T0.50 T0Z.3A0 TT80: AVE. Max. ™ g,g
|Connedicr contac# 6 - DBg Ground T1.80 0530 T3.50. Win. Minimum o0,
(Comnacion comtaci¥ B~ D3 Grourd T30 TO5-20] T390 fWiax Wimmum 5330
Tonnecion comact? 10 - B4 Ground 90.60 10370 T30, Min. Maximum TOZ30|
Connecior Confactf 12 - OB Ground 93.60 T105.10 1150, Tax. Miaximum /a5
[Cannector contact# 18 - UB6 Ground 115,50 TZ7.90 1280 g B9.30
[Cannecior contach 16 - UB7 Ground T37.00 T56.40 T9.40
Conneclor confachr 18 - UBP Ground 010 TZ7 80 T7.80F Data Lines Delta
Connecior confach 32 - ATN Ground 15430 17980 25860
[Cannectior contac# 36 - 857 Ground 109.40 12500 TAB0: Ave. Min, U157
[Conneclor contacE? 38 - ACK Graund 80.70 10550 14,'8'0'7'4__175515& 115.£0
[Conrieclion comact 40 - Ra T Ground 106.10 12350 17.40° In. Mirumum B0.60
[Canneclor CONTAcH 42 - NS5 Ground 106.70 124.30 17.60 W& inimum 137.00
Conneclor confack 44 - 5ELC round g1.10 I05.10 1400 In. Maximum 0240
Connecior Comaci 46 - G0 Grour<] ¥1.30 T05.40 1410 m;_%-;mum 156.40
nn T con - Grourd 0260 T06.70 140 ola a B5.80|
Conneclcr confach 50 - 10 Ground TI7.20 13450 TV 40
|Req/Ack Lines Delta |
Ave T, OTES
Ave. Wax. T06.70;
Min. Minimum J0.70
ax. Minmum 2]
. Maamum | T05.50]
Max. Maximuam | 108,70
TolaT Dot T5.00]

Vertical Scales... 0.0 maidiv.
%.l!_._l.-_-ﬂilll.l o;z__!

oo
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3 Meter Ribbon Single-Ended Active Terminated

Cable Name:3M Ribbon Cenglih: I m. Term: Methode AcClive summary
50 Conductor
[Test Cases - single-Ended Pramary Bus Min Wax | Uelta AllCines Delta
[ Measure between and
Connecler confact 2 - DBU Grourd 102,40 T08.30 5.90 Ave. Min. 1293
Comnecior contacH# 4 - DB Ground 9850 T105.50 7.30 ve. Max. . 128.06}
Cornecior comac § - DBZ Ground 9820 10650 330 TF. Mnimum G750
[Connecior contact# § - DBJ Ground 97.60 10510 7.50 Max. Mimmum 15500
Connedor contack 10 - DB4 Ground 98 50 10720 3.70 Min. Maomum 0510
Connecler confact® 12 - DBS Grourd 21 %= 4] 105.20 7.30 Max. Maximum 20010
Connecior contact® 14 - DBB Ground 1350 129390 16.00 ofa Ta TOZA0|
Connecior contach 16 - DB7 Ground TZ5.00 16440 3340
Connecior confack# 18 - DBF Ground 11330 T3T.70 1830 Dala Cines Delta
COnnecior Conac® 32 - ATH Eround 155.00 200,00 4500
Conneclor contachk 36 - BaY Ground 14650 180,30 33380 Ave. Min. 10516
[Connector contac 38 - ACK Ground 120.60 13330 TI30 Ave. Max. T15.34
Tonnecior confact# 40 - RST Ground 10320 T72.00 gar Min. Mimmum 7 .60
Connector confac 42 - MSG Ground’ 10260 TTZ50 5.890 ax. Minimum TZ5.00
Tonnecior contact# 44 - SEL Ground 09 80 10740 760 in, MaxXimum T05.10
Connector confacl# 46 - C/0 Grourd] TI0E0 127.00 16.40 ax. Maximum 163 A0
[Connector contachtk 48 - REQ Greund 116.20 128.30 1210 ofal Delta 56.80|
Connedtor contaci# oo - 10 Ground 131.50 T38.50 560
q ines
ve. Min. 1G4
Ave. Wax. Ta1.10
! RN, RAirmum T16.20
1 ax. Minimum 1206l
1A, Maximum 12530
MaX, Waximum 133907
ofaf Delta T7.70

CUPSOr suenmscasns 2.24C B
bristance /D vaea. 1 midir
Vertical Scale. ... 50.0 mpFdiv
L - P § i ) |
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B q
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Appendix G Nodal Capacitance vs. Frequency

In this appendix the nodal capacitance of all the drives that were used in the study has been measured over the
frequency range of | MHz to 20 MHz. Other peripherals that were not used in the experiment were also measured
to get a sense of the capacitance loading in today’s environment. AH drives tested were off-the-shelf drives. At the
time of this study no Fast-20 drives were available although some became available at the end of the study they
were not inclided here.
The last column here presents the percentage of change of each device measured over the frequency range. Please
note the extend of the change for the external enclosures. Refer to the section 4 of the main paper for further
explanation of this rather large delta.
Target Node Capacitance Table
1 MHz | 10 MHz | 20 Mz %Delta |
Device Rey Ack [DataLines Req Ack [DataLines Req Ack |DatalLines ] Req Ack {JDatalLines
Hard Drives
1 {Brand A #1 2060 2020 17.70 18.79| 18.41 15.88| 20.00| 19.80 16.88] 644! 648 6.30
2 [Brand A #2 17.48]  16.98 14.69 16.66| 1649 14.12 17.20| 16.77 1424]  a2¢) 170 0.85
3 {Brand A #3 17.38)  16.80 14.50 16.82| 16.30 13.95{ 17.13| 1660 1411 1.84] 184 1.15
4 [Brand B 1560 1483 14.28] 15.85 1513 14.48 16.50| 15.66 15.00f 345 350 3.58
5 |Brand C 14.67| 1450 12.01 1469 1462 12.13 1493 1493 1227 163] 212 1.15
& |Brand D 23.95| 19.45 14.60 23.22) 19.11 14.72 2395 19.34 1550  3.14] 120 5.30
Internal CD-ROM
7 |Brand E 1480 1478 13.64 1473 1477 13.59 1583 16.06 14.68] 747 873 B.C
8 |Brand F 1279] 1180 10.45 12.68]  11.85 10.39 13.51]  12.32 1093] 655 675 5200
9 [Brand G 28.28] 2710 26.30 26.83| 2584 26.41 27.19| 26.83 29.28] 134] 454 10.87
10 [Brand H 1470] 7.80 18.08 14.43| 7.82 17.98 14.53] 7.6 1832 o0ee] o5 1.89
11 [Brang » aso8| 4135 51,68 35.39| 41.95 52.48] 38.53| 4568 se10] es7{ @889 10.71)
12 [Brand K 2580 2430 25.30 24.03 23.87 24.40 24.88| 24.52 25s37] 254 272 3.98
13 [Brana L 13.04] 1190 10.35 13.14| 1198 10.46 13.45) 1215 1061  236] 142 1.43
External CD-ROM
14 |Brand M 29.27] 300§ 29.61 29.22 30.14 29.80 3372| 34.74 52.95] 15.40| 15.26 10.57)
15 |Brand N 4250] 4275 42.75 45.24| 4550 44.93 56.82| 57.10 5565 25.60] 2649 23.88)
16 |Brand P 27| 4088 37.32) 41.24| 4383 39.21 59.00| 65.62 55.44]  43.06] 49.71 41.39]
| | | |
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