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Most storage devices, such as hard drives, CD-ROM drives, Bernoulli and SyQuest
drives, rewiteable optical drives, and tape drives, are connected to the
Maci nt osh using SCSI. O her SCSI peripherals include scanners and some printers.
The 25-pin port is located on the back of your desktop Maci ntosh. You can
recogni ze the SCSI port by the di anond-shaped SCSI icon above it. (On Power Book
nodel s the port is a 30-pin square connector.) Peripheral devices typically
have a 50-pin Centronics connector on them (it is |longer and w der than the SCS
port on your Macintosh).

Your Maci ntosh can have a total of seven SCSI devices connected to it (the

Wor kgroup Server 95 can have up to 20 devices). If you have System 7.5 and use
the SCSI Manager 4.3, you can have up to 14 SCSI devices, 7 per bus on the
Quadra 900 and 950 and the Power WMacintosh 8100/8150/9150. Internal hard drives,
internal CD-ROM drives, and other internal storage devices are included in this
l[imt of seven devices. This does not include floppy drives, which are not SCS
devi ces.

Basi ¢ Vocabul ary

The el ectronic path on which data travels.

SCSI devi ce

A conputer or peripheral that can conmmunicate on a SCSI bus. A SCSI device can
be internal (such as an internal hard drive) or external (such as an externa
hard drive, printer, CD-ROMdrive, or scanner).

A series of SCSI devices connected by SCSI cables. A SCSI chain can have up to
seven SCSI devi ces.

SCSI | D nunber

A nunber fromO0-7 used by the conmputer to identify and distingui sh between SCS
devices. The SCSI ID identifies each device no matter where it is physically
connected in the SCSI chain. The SCSI |D nunber al so determ nes which one goes
first when devices conpete for the use of the SCSI bus. The higher the nunber,
the higher the priority on the SCSI bus. Though since the Macintosh is the only
device "conmpeting" for the bus, the ID nunber as a priority is basically

irrel evant.

SCS| term nator

A piece of hardware that acts as a resistor to reduce interference along the
SCSI bus. SCSI devices chai ned together forman electronic signal path. At the



end of the path, signals tend to "bounce" back up the SCSI path and cause
interference. This interference can cause problens with your Maci ntosh and/or
one or nore of your SCSI devices.

SCSI Term nati on

The nost inportant thing to understand about using SCSI devices is proper
term nation. SCSI devices chained together forman electronic signal path. At
the end of the path, signals tend to bounce back up the SCSI path and cause
interference. This interference can cause problens with your Mcintosh and/ or
one or nore of your SCSI devices.

Term nating a SCSI bus preserves high transni ssion speeds, and if the term nator
is properly placed, cleans up the signal along the entire Ilength of the line.
Term nators al so provide a reasonabl e degree of electrical noise inmunity. The
nost inmportant reason to ternminate a SCSI bus is that termnation is required
for the bus to work! A bad signal anywhere on the chain can cause all of the
SCSl devices, in sonme cases the Macintosh itself, not to function properly.

Term nat or Types

Physically, term nators generally take three forms. Electrically, these types of
term nators are equivalent and vary only in where and how they are installed.

On-Devi ce Term nators

These are known as resistor packs (or sips or dips). You only renove themto add
a second drive or to add a drive to a systemwhere the nother board is

term nated. They reside on the SCSI device itself and are al nost al ways
renovabl e. Always note the orientation of the resistor packs before attenpting
to renmove them They are polarized and nmust not be inserted backwards. Somne
newer drives have resistors permanently nounted on the drive. On these drives,
there is a junper to enable or disable term nation

External Term nator Bl ocks or Plugs

These are short plug-like devices and are inserted between an external hard
drive's SCSI connector and the SCSI cable, or on the second connector if one
exists. Don't confuse these with the ONDRIVE terminators. ONNDRIVE literally
nmeans on the drive nechanism-- not on the external connector. Never use the
external term nator when the drive inside a cabinet has termnators installed on
it.

Main | ogi c board term nators

These nay |l ook like a SIMMor a narrow plug. They are used only when there is no
internal hard drive in the Macintosh. Main |logic board termnators are inserted

into the 50 pin SCSI connector on the Mcintosh main | ogic board where the cable
for an internal drive would normally connect. These main |ogic board term nators



are keyed (a polarity notch) and nust never be inserted backwards!

The Quadra 800/ 900/ 950 have a term nator on the internal drive cable itself.
This means that internal SCSI devices should not be term nated.

Swi t ched Term nati on

Some SCSI peripheral vendors al so use switched term nation. This neans they have
a type of switch that controls whether or not the device is term nated. The
termnator is actually one of the first two types nentioned, but is controlled
electronically via a switch

Maki ng the SCSI Chain Work

There are several key points you need to keep in mind to make sure that all of
your SCSI devices work correctly:

Keep connected SCSI devices powered while your Macintosh is on

Even if you do not plan to use a device, you still rmust power it on. This
ensures a proper SCSI signal path. It is okay to power the devices on at the
same time as your Macintosh, but sone devices need to be powered on before your
Maci nt osh, consult the nanual that came with your SCSI device.

Only termnate the first and the | ast device

In nost cases, only the first and | ast SCSI device should be termnated. If the
Maci nt osh has no internal hard disk drive (or other SCSI device) installed, then
a main logic board termi nator should be installed. Macintosh conputers sold

wi thout internal hard drives include this term nator, and nmany third party hard
drive vendors sell themif you need one. If there is not an internal SCS

device, and if there is not an internal term nator present, then the first

ext ernal device should be term nated.

There are a few exceptions. |If the bus is short (generally 18 inches or |ess)
then it is best to terninate just one end. Also, if the total cable length
between all devices is greater than 10 feet, the cable night need to be
termnated at the 10 foot point in addition to each end. When dai sy chai ni ng
three or nore SCSI devices, the total bus length often exceeds the 10 f oot
specification and may require three termnators in the chain to work properly.
Do not add the third termi nator unless you are having problenms and you’ ve
checked all other possible causes.

Never term nate the same device tw ce



Sone devi ces which supply terminati on power (TERVWPWR) to the SCSI bus can cause
problens if they are used on the internal bus of the Power Macintosh

8100/ 8150/ 9150. Any drives attached to this bus should be configured with
TERVPWR di sabl ed, regardl ess of whether they are term nated or not.

Only use a black term nator where specified

The black term nator should only be used when a Macintosh I1fx is the host
Maci nt osh and for connecting hard drives to the LaserWiter IIf/llg and the
LaserWiter Pro 630. This black terminator differs (electrically) only slightly
fromthe gray terminator; it does not differ physically other than color. Its
purpose is to conpensate for sone changes in the SCSI chip used in these

devi ces.

Al ways use high quality cables

Use cabl es that are doubl e-shielded (foil and braid), such as Apple SCSI cabl es.
Never use sinple printer type RS232 cables, which are commonly used with
DOS/ W ndows printers. Make sure the connector hoods (or shrouds) are each
connected to the shield braid. Poor quality cables are often the case of

seem ngly nysterious SCSI problens.

Keep total length of all cables used under 20 feet
A longer SCSI chain is susceptible to interference and possible data | oss or
corruption. Keeping the | ength under 20 feet naxinmizes signal integrity.

Keep cabl es between devices as short as possible

Generally 18 to 24 inches is best, but never exceed 6 feet or you will nost
i kely have probl ens. PowerBook conputers, sonme scanners, and possibly other
devices refuse to work with cables over 24 inches in | ength.

Avoi d m xi ng brands, types, or styles of cables

Each cable has a different type of construction, inmpedance, and wire placenent,
which can result in bus reflections. In mxed cable configurations sonme devices
may sinply not work even if all other guidelines are followed.

Check all SCSI devices have a unique SCSI |D number

A nunber fromO0-6 is used by the Macintosh to identify and distinguish between
SCSl devices. The nunber 7 is always reserved for the Macintosh itself. QO her
devices include a factory set default, as this table indicates:

Begi n_Tabl e

0 Conmmonly used for an internal hard drive, if present
3 Ext ernal Apple CD-ROM drives

3 Internal Apple CD-ROM drives

5 Appl e scanners



8 &9 Al ways invalid nunber sel ections but nay appear as
options on sone third party devices

End_Tabl e

If two devices have the sane I D nunber, one or both may not start up, or they
may danmege files if they try to send data at the same tinme. Device manufacturers
use many ways to set the SCSI | D nunber, including thinble, push switch, DP

swi tches, junpers, and software. Check each device's docunentation to see howto
set its ID

Power off all devices prior to changing SCSI chain configuration

Always turn off the Macintosh and all peripherals before attaching or detaching
any cabl es or devices or changing SCSI |ID nunbers. Doing otherw se could cause
per manent physi cal damage to your conputer or SCSI devices as well as the |oss
of inportant data. Attach the proper cables to their devices. Use the

t hunmbscrews and netal clanps on the cables to maintain a tight, reliable
connection. Do not over-tighten

Use the sane driver software for all storage devices

If you have several storage devices fromdifferent vendors, you may encounter
driver-level conflicts. Since device drivers load into menory when the Maci ntosh
is turned on, they can generate conflicts simlar to INIT or extension
conflicts. To elimnate these conflicts, you should reformat all of your SCS
storage devices with the sanme fornmatting software. Apple's fornmatting software,
Apple HD SC Setup, only works with devices sold by Apple, so this isn't usually
an option. However, there are several third parties that nmake "universal"
formatters (such as Drive 7, Hard Disk Tool Kit, and Silverlining) that format
nost of the storage devices avail able for the Mcintosh.

SCSI Manager 4.3

SCSI Manager 4.3 adds several new features to the SCSI architecture of the
Maci nt osh. These features include SCSI 2 conpliance, concurrent asynchronous
I/O and di sconnect and reconnect. These new features can inprove the
performance of the SCSI bus. SCSI Manager 4.3 is supported on all Power
Maci nt osh, and 68040 Maci ntosh conputers, except for the Macintosh 630 fanily
and 68040 Power Book.

SCSI Manager 4.3 is part of the ROMin all Power Macintosh and Quadra AV
conputers. Ot her 68040 Maci ntosh conputers require the SCSI Manager 4.3 system
ext ensi on.

Make a bootable floppy for testing

Since Systemfile corruption and extension conflicts can cloud the
t roubl eshooting process, it is a good idea to nmake a bootable floppy to test
SCSI problems. Configure the start-up disk with minimal drivers and extensions.

Check the drive with a utility



Use Apple’'s Disk First Aid or another utility to verify the integrity of a SCS
storage device. You will likely have to start your Macintosh froma different
drive than the one you are checking to repair it if problenms are found. The
Disk Tools or Utilities floppy disk or startup CD that you received with your
Maci nt osh can be used.

When troubl eshooting, isolate devices

If you have followed all the rules w thout success, start to isolate devices.
See if each one individually works correctly. If it does, then start to build
the SCSI chain one device at a tinme. There may be a specific bad device, cable,
term nator, connector, or software driver causing the problem

Ref ornmat the storage device

Corrupt drivers cannot usually be detected by diagnostic utilities. If you are
unable to get a particular device to work by itself, reinstalling the driver
(Update in Apple HD SC Setup) will often help. |In rare cases you may wi sh to
consider reformatting to be sure the driver is good.

Setting up a SCSI Chain

Setting up a chain of SCSI devices consists of:
e Setting SCSI ID nunbers (also called SCSI addresses).
* Connecting SCSI cabl es.

e Termi nating the SCSI chain.

Setting SCSI |ID Nunbers

Make sure your Macintosh and all SCSI devices are powered OFF. SCSI |Ds should
never be changed with the devices on

Check all SCSI devices on the SCSI chain to make sure that each has a unique
SCSI I D nunber. (The Macintosh is always 7, so that it has the highest priority;
an internal hard drive, if present, is usually 0.) Do not set duplicate nunbers.
If two devices have the sane | D nunber, one or both may not start up, or they
may danmaege files if they try to send data at the sane tine.



Reset the SCSI I D nunbers if necessary. There are four nethods that device
manuf acturers use to set the SCSI |ID nunber: thunb wheel, switch, DI P swtches,
or software.

Connecting SCSI Cabl es

There are three types of SCSI cabl es:

 System cabl e (Macintosh to SCSI device)
 Peripheral interface cable (SCSI device to SCSI device)
e Cabl e extender (extends the SCSI cabl e | ength)

Fol | ow these steps to connect your SCSI cables:

Turn off the conmputer and all peripherals before attachi ng cabl es and/or
devi ces.

Attach the proper cables to their devices. Use no nore than 20 feet of cable;

ot herwi se, SCSI signals deteriorate, causing unreliable operation. Use the netal
cl anps and thunbscrews on the cables to maintain a tight, reliable connection
Do not over tighten

Term nating the SCSI Chain

| nproper termination can cause danage to SCSI circuits inside your Macintosh,
corrupt files, keep your Macintosh fromstarting up, and/or cause intermittent
failures.

Choose the correct term nator type

Termi nators are of two colors: gray and bl ack. Use the gray one when any
Maci nt osh except the Macintosh Il1fx is used. Use the black one when a Maci ntosh
IIfx is used

The black terminator is al so used when connecting a hard drive to sone Apple
LaserWiter printers. Consult your printer manual to verify which term nator you
should use. Currently only the LaserWiter |If/llg and the LaserWiter Pro 630
require the black term nator.

Turn of f the computer and all peripherals before changing term nators



The risk of danagi ng either the peripheral or the host conputer is quite high if
term nation is changed while either device is powered on

The Maci ntosh has an internal hard drive

If the Macintosh in the SCSI chain DOES have an internal hard drive, term nate
only the other end of the SCSI chain. (Al Apple internal SCSI hard drives have
built-in term nators).

The Maci ntosh does not have an internal hard drive

If a Macintosh in the SCSI chain DOES NOT have an internal hard drive and DOES
NOT have a terminator on the internal ribbon cable or on the |ogic board,

term nate both ends of the SCSI chain.

Peri pheral SCSI Chain Needs Its Oawn Terni nation

If you have a hard drive connected to a printer (to store fonts for exanple)
which is connected to your Maci ntosh conputer through Local Tal k or some ot her
networ k connection, that hard drive is on a separate chain fromthe SCSI port on
your Macintosh conputer. Therefore, the hard drive connected to your printer
must have its own term nation. The term nator on your Mcintosh computer's SCS
chain will not term nate this conpletely separate chain.

The Maci ntosh has a third party SCSI device

If you have a third-party (non-Apple) SCSI device, check the manual to find out
if it isinternally terminated. If the device is not internally term nated,
follow the directions in the 2nd, 3rd, and 4th itens directly above under the
section "Terninating the SCSI Chain.”

If the SCSI device is internally term nated, you have two choi ces:
- Put the device at the end of the SCSI chain
- Renpve the termnation fromthe device

(Check the device's manual to find out if termination can be renoved, and, if
so, how it is done.)

Hi nts and Hel p

Set Higher Priorities to Startup Devices

In general, assign the higher priorities to startup devices. For exanple, an
external hard drive that is used as the startup disk should be set to nunber 6
or 5.

Set Lower Priorities to Sel dom Used Devi ces

After assigning priorities to startup devices, set other ID nunbers according to



how often they are used. For exanple, a tape backup that is only used
occasionally should be set to a | ower nunbers, such as 2 or 1

Use Factory Settings as a Quideline

Use the factory settings as a guideline for setting SCSI |ID nunber priorities.
For exanple, if you have a SCSI device that has an I D nunber of 1, but you

al ready have a device using this nunber, set it to another |ow nunber, such as 2
or 3.

Al the preceding rules apply to PowerBook computers. In addition, some
Power Book conputers may require special attention. Consider these points:

Power Book conputers do not supply term nation power

Using a term nator nmay keep the Power Book from either booting, or seeing the
external SCSI device. Depending on the device, you may or may not need a
term nator. This depends on whether the device supplies term nation power. |f
you use a term nator, be sure you place it at the very end of the SCSI chain.

Termination is supplied by the internal hard drive

Power Book conputers depend on the internal hard drive to supply term nation so
that they are properly term nated when placed in SCSI di sk node. In SCSI disk
node t he PowerBook is just another hard drive in the SCSI chain because al

ot her subsystens have been shut down. Therefore, when a PowerBook is in SCS

di sk node, it should be the |ast device in the SCSI chain.

Only one PowerBook can be in SCSI di sk node on a SCSI bus

I f you have two Power Book conputers and ot her devices on the chain, one

Power Book nust be the very last device in the SCSI chain (in SCSI disk npde) and
t he second Power Book nmust be at the beginning of the chain. In this situation
one PowerBook is the CPU and the other is in SCSI disk node.

Power Book SCSI cables are different

Note the difference between the di sk adapter cable (used only for SCSI disk
node) and the system cable (used to connect external devices to the PowerBook).
The only true difference between these two cables is an extra pin in the adapter
cabl e, which triggers SCSI disk node in the machine.

Not all Power Book conputers support SCSI di sk node

Consult your owners nanual to determine if yours does. As of this witing, al
Power Book conputers except the 140, 145, 145B, 150, and 170 support SCSI Di sk
Mode.



APPLE CABLE PART NUMBERS

SCSI System Cabl e, M)206

HDI - 30 SCSI System Cabl e, M538LL/ A

HDI - 30 SCSI Di sk Adaptor Cable, M539LL/A
SCSI Peripheral Interface Cable, MZ207
SCSI Cabl e Extender, M208LL/B

SCSI Cabl e Terminator, M503LL/A

SCSI Cable Terminator Il (black), M871G A
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