
RA60

205-Mbyte Removable-Media Disk Drive

Removable-Media Convenience with Winchester-like Capabilities.
The RAG0 may change your impre: sion of removable-disk drives. Remember
when removables were bulky and slow and seemed to require constant field ser-
vice attention? Giving up the convenience of removable media for the capacity,
speed, and dependability ofthe new Winchester disks probably seemed like a
small sacrifice. Well, the Ra60 is different.

Through a number of engincering innovations we have packed 205 Mbytes
of dependable, removable, user-accessible data into the same form factor as
our industry-leading Ra81 Winchester disk drive. Like the ras1, the ra60 fully
implements the Digital Storage Architecture (psa) and uses the Standard Disk
Interconnect (spi) as its controller interface. That buys you some of the best
performance optimizations and most advanced data-integrity, availability, and
maintainability features you can getin any disk drive—including Winchesters.

Working with one of the psa intelligent controllers, the RA60 sets a new standard
for removable-media disk drives.



Highlights

= 205 Mbytes of user-accessible data

storage—615 Mbytes in a single three-

drive cabinet.

exceptionally high arcal density,

which means cost-cffective, space-

efficient data storage.

Innovative subsystem design pro-

vides unsurpassed data integrity and

availability.

Standard dual access facilitates

data sharing and increases volume

availability.

Digital Storage Architecture offers

the flexibility to configure with any

of the spi controllers and in combina-

tion with other ra60 drives or with

Rra-series Winchesters.

« The high quality ofdesign, engincer-

ing, and manufacturing leads to low

cost of ownership.

A unique embedded servo provides

The Removable-Disk Drive has

Just Made a Comeback.

Winchester technology caused a

fixed-media revolution. Removable

technology scemed to be a thing of

the past. But some applications still

require the high security and fast, reli-

able data interchange that can only

come from removable-disk technol-

ogy. And more users would consider

removables an attractive alternative

if only they could approach the capa-

bilities ofthe fixed disks. Digital has

engineered the answer.

The ra60 lifts removable technology

into the *80s. It has an areal density

higher than that of some Winchesters,

50 it can offer 205 Mbytes ofuser data

and cut the form factor to a 10.5-inch-

high rack-mount unit. It includes pio-

neering head-positioning technology-

a fully embedded servo—for unprece-

dented media interchange reliability

and almost no preventative mainte-

nance. Its advanced technologies, such

as on-board microprocessors and

radial controller interconnect, offer

unprecedented levels of performance

and data integrity. And most impor-

tant, the RA60 adds the option of

removability to the Digital Storage

Architecture (DsA), the clear leader in

mass-storage solutions.



Areal Density: the Greater It Is,

the Better Off You Can Be.

The term “arcal densityTM applies to

the amount of data that can be con-

tained within a specified surface area

on adisk plateer. It is the key factor in

determining the cost effectiveness of

adisk product. More bits per square

inch mean fewer or smaller disk plat-

ters for a given storage capacity. With

fewer platters, you need fewer read/

write heads and less power to run the

drives. So you can enjoy the benefits

of more compact packaging, increased

economy of operation, and greater

reliability for less money.

Servo

Control

Recording at high densities on remov-

able packs is a challenge because min-

ute particles in the environment limit

the flying height of the read/write

heads. And mechanical tolerance build-

ups can make packs incompatible

between drives.

Despite these limitations, the RA60

achieves high densities with two

important innovations. We increased

the linear density— that is, the amount

of data along the tracks of the disk—

with a new, more efficient recording

code. And we increased the radial,

or track, density with an ingenious

head-positioning mechanism called

an embedded servo.

The RA6Os “fully embedded servo”

positioning system frees you from routine

maintenance and ensures that a disk pack

written on one drive can be read on any

other.
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The rA60’s mechanical innovations

make it the most maintenance-free

removable drive in the industry. Disk

drives used to require regular adjust-

ment and alignment procedures. The

RA60’s positioner assembly and drive

spindle are precision-mounted, so

you don’t need periodic alignment of

the positioner with the spindle any

more. And since our embedded servo

got rid of head alignments, the only

preventive maintenance the RAG0

needs is changing ofthe air supply

filter. And that’s an annual operation,

typically.

How did we fit the RA60 into such a

compact form factor? Part of the solu-

tion was to use a unique brushless dc

motor that actually forms part ofthe

drive spindle assembly. Direct driving

ofthe spindle also has the advantage

ofincreasing reliability by climinating

belts and pulleys. Further packaging

efficiency and reliability are achicved

by incorporating an impeller into the

motor spindle instead of using a sepa-

rate fan to direct airflow within the

drive during operation.

The ra60 has one more thoughtful

touch. We gave it a universal power

supply with independent switching

for line voltage and frequency so that

a single model with the appropriate

power cord will work anywhere in

the world.

Part of an Intelligent Approach to

Mass Storage.

The ra60 is designed to be an inte-

gral part of an overall Digital storage

solution. As such, it implements the

Digital Storage Architecture (psa)

and the Standard Disk Interconnect

(sp1) for connecting drives to

controllers.

The sp1 connects each drive directly

to its controller through a radial

connection scheme rather than the

conventional daisychain. By using a

radial connection in conjunction with

transformer coupling, an RA60 can

be serviced while the remainder of

the subsystem keeps running. The

result is improved availability: with

daisychain configurations, onc mal-

functioning drive can bring all the

others down.

The RA60 contains two micro-

processors—that’s more processing

power than some controllers have.

One ofthe microprocessors controls

secking and servo positioning. The

other communicates with the con-

troller, transfers data, monitors drive

state, runs the RA60’s 10 Kbytes of

onboard diagnostics, and supervises

overall drive operations.

Another significant feature of the

-sprand Ra60 is dual access. It lets you

attach one RA60 to two controllers,

thereby providing the redundant

paths to user data required by high-

availability applications. (It does not

provide simultaneous access to a drive

by two controllers.)



Most importantly, since sp1 is an

architectural standard, any spr1 drive

can be connected to any spi control-

ler. This gives you unsurpassed flexi-

bility. You can add to or reconfigure

your systems with current storage

products, including rA81, RA80, or

RrA60 disk drives and HSC50 or UDASO

controllers. And you can casily incor-

porate new technology with future

so1 products.

The Performance to Enhance

Your Application.

In evaluating disk drive performance,

you should consider two factors:

Seek time, the time required to move

read/write heads to the desired

cylinder.

Rotational latency, the time spent

‘waiting for the desired data to move

under the read/write heads.

Nearly all applications require random

access to data. In such cases, seck time

can account for as much as 75 percent

of total access time. And latency can

account for another 20 percent. The

time spent actually transferring data

is usually a small component of overall

access time.

The ra60 and DsA controllers,

working together, minimize average

seck times by using a reordering

algorithm. They minimize rotational

latency by allocating the data channel

to the on-cylinder drive closest to its

desired sector. And they perform

both functions without incurring any

overhead to the host cpu. Taken

together, these optimizations mean

that the ra60 will usually perform

even better than the drive’s hardware

specifications would suggest.

In addition, the spi controllers

perform seck overlapping internally—

again without host-computer over-

head. They also contain ample buf-

fering to smooth the bursts of data

from the drives for presentation to the

host bus.

The RA60 Sets the Pace in Data

Integrity, Reliability, and

Maintainability.

In designing the ra60, Digital engi-

neers have made every effort to

ensure that the integrity of your data

is preserved, that system uptime is

maximized, and that repair time is

kept to a minimum.

The rA60 implements Digital Storage

Architecture data integrity features,

including the most advanced Error

Correction Code (Ecc) in the indus-

try. It’s capable of finding and fixing

as many as 80 bits of error in a single

sector. Quadruplicate header record-

ing provides positive sector location,

even in the presence of media defects.

Most important for system manage-

ment, a reallocation and revectoring

scheme will, when supported by the

host operating system, make media

defects—even those occurring during

normal use—completely transparent

to applications and file-system soft-

ware on the host.



The RAGO drive comprises several

major subassemblics, such as the

motor-and-spindle subassembly,

which are called Ficld Replaceable

Units (;rus). The rrus are stocked

and replaced by Digital Field Service as

units, eliminating lengthy and expen-

sive repairs or preventive maintenance

procedures onsite.

inctional com-The philosophy of

ponents with well-defined interfaces

is basic to the rRAG0 design. Fewer

components mean higher reliability.

Modularity means quicker repair.

Engineered for Efficiency and

Economy.

If you are looking for the most cost-

effective product to mect your mass-

storage needs, you should compare

the total cost of owning the RA60 to that

of any other product.

First consider initial cost. The RAGD’s

price per Mbyte is competitive with

any other removable-disk drive in the

industry. With cach additional RAG0

disk attached to an spr controller, the

subsystem cost becomes even more

attractive.

Then consider maintenance costs.

The RAG0's basic monthly mainte-

nance service charge is among the

lowest in the industry. Since mainte-

nance pricing is based on expected

frequency of repair, the low mainte-

nance price ofthe rA60 reflects its high

reliability.

Finally, consider space efficiency.

With skyrocketing costs for commer-

cial and industrial spac

think carefully about the

occupied by your mass-storage sub-

systems. With three Ra60 disks in a

single cabinet, you get 112 Mbytes per

you need to

“footprint”

square foot—unmatched by any other

removable disk drive on the market

The RA60 is Built and Serviced

By a Major Force in the Mass-

Storage Market: Digital.

Digital is not only the second largest

computer company, we're one of the

largest makers of storage products,

with manufacturing facilitics operat-

ing worldwide.

And Digital stands behind its prod-

ucts. Our worldwide customer ser-

vices organization comprises thousands

ofhighly skilled people. Their goal—

to answer your questions and provide

service when you need it, the way

you want it.

Out of our many service packages,

there’s a plan that’s just right for

your needs. Full service is available

anywhere—any time or within spe-

cified hours. If less is better for you,

there’s per=call service. The choice

is yours

Digital’s engineering and manufacturing

facility in Colorado Springs, Colorado

produces high-end disk drives and intelli-

gent controllers. Over 70,000 disk drives

are built in this plant every year.



Digital Equipment Corporation makes no

representation that the interconnection of its

mass storage products with products ofother

manufacturrs will not infringe on existing or

future patent rights. Nor do the descriptions

contained herein imply the granting oflicenses

to make, use, or sell equipment constructed

or configured in accordance herewith.

Digital Storage Architecture (bsa) mass

storage products manufactured by Digital

Equipment Corporation are designed to work

with host computers and other DsA mass stor-

age products designed by Digital Equipment

Corporation. Digital Equipment Corporation

assumes no responsibility or liability if the

host computers, controllers, mass storage

servers, tape, software, diagnostic, or disk

products of another manufacturer are used

with Dsa products.

The information in this document is subject

to change without notice and should not be

construed as a commitment by Digital

Equipment Corporation. Digital Equipment

Corporation assumes no responsibility for

any errors that may appear in this document.

The following are trademarks of Digital

Equipment Corporation: DEC, DECSystem-10,

DECSYSTEM-20, DECUS, DECmate, DECnet,

DECwriter, pisot, the Digital logo, MassBus,

poP, /S, Professional, Rainbow, sTs, RsX,

UNIBUS, VAX, VMS, VT.

Specifications

Performance®

Peak transfer rate 1.98 mb/s

Seek time 42 ms avg, 75 ms max

Rotational latency

Average access time

8.3ms

50.3 ms

Head switch time (typical) 7.0ms

Start/stop time 605/40s

Media Characteristics (Removable Pack)

Formatted capacity 205 mB (16-bit), 208 mB (18-bit)

Tracks per inch © 779radial -

Bits per inch 9,668 lincar

Rotational speed 3,600 r/min
Number of data surfaces 6 S

Number of heads per surface 1

User Data Organization 16 Bit 18 Bit

Sectors per track 42 38

Bytes per sector 512 576

User-accessible cylinders 1,588 1,588
Power Requirements 120V 240V

Frequency (single phasc) S0Hz/60Hz 50 Hz/60 Hz

Starting current 6.5A 3.25A
Running current (typical)

Operational Environment

6.5A 3.25A

Temperature Range

deDerating for alti

16-40°C (60-104°F)

1.8°C/1,000m (1°F/1,000ft)

Relative Humidity 8-80%, noncondensing

Max werbulb 26°C (19°F)

Heat dissipation 200 Bru/h (630 watts)

Altitude 438 m (8,000 ft)

Physical Characteristics Drive alone In cabinet

Height 26.7 cm (105 in) 106.6 cm (42.0/in)

Width T M45em(175m) 542cm (21.3in)

Depth (with bezel on) 85.1 cm (33.0 in) 91.4 cm (36.0 in)

Weight (without pack) 70.5 kg (155.0 Ib) 168.0 kg (370.0 1b)

Disk pack weight 2.85kg (6.3 1b)

*All performance data reflects raw drive hardware capability and does not include improvements

duc to controller optimizations
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