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Preface

This is the reference manual for the SLR™ (TDC 4000) Series (SCSI com-
patible) Streaming Quarter-inch Tape Cartridge Drives.

These series of drives include:

* SLR5 4.0/8.0GB - 8 GByte compressed
« SLR5 4.0GB - 4 GByte

* SLR4 2.5/5.0GB (TDC 4222) - 5 GByte compressed
* SLR4 2.5GB (TDC 4220) - 2.5 GByte

* SLR3 1.2GB (TDC 4120) - 1.2 GByte

* SLR2 525MB (TDC 3820 MK2) - 525 MByte

Tandberg Data ASA will appreciate any comments on this publication re-
garding:

« discrepancies between specification and product
* inconsistency of definitions
« lack of clarity in the definitions

* QIC-24, QIC-120, QIC-150, QIC-525, QIC-1000, QIG2GB and
QIC-4GB format compatibility

SLR™ (TDC 4000) Series Reference Manual 0-1



About this Manual

1.1. Definitions

The following two terms are widely used throughout this manual:

“The Drive”

Refers to a half-height
SCSI (“Small Computer
System Interface”) compa-
tible SLR™ (TDC 4000)
Series Drive.

“The Host”

Refers to the host computer that supports the SCSI hardware and soft-
ware specifications, and thus is able to control the SCSI compatible
SLR™ (TDC 4000) Series Drives.

1.2. Introduction to this Manual

This manual is intended to be the main reference document for users,
system programmers and system integrators of the SLR™ (TDC 4000)
Series Streaming Quarter Inch Tape Cartridge Drives.

The SLR™ (TDC 4000) Series Drives comply with the SCSI Interface
Standard, the QIC-24, QIC-120, QIC-150, QIC-525, QIC-1000, QIC-2GB
and QIC-4GB Data Interchange Standards.

Detailed circuit-board block diagrams, schematics and adjustment proce-
dures are not supported by this manual. The field service technician will
need the TDC 4000 Series Maintenance Manual in order to have the
complete service documentation at hand.

SLR™ (TDC 4000) Series Reference Manual 1-1



Chapter 2

Chapter 3
Chapter 4
Chapter 5

Chapter 6

Chapter 7
Chapter 8

Chapter 9

Chapter 10

Appendix A

Tandberg Data About This Manual

describes the basic features of the Drives, accompanied by block dia-
grams.

gives the technical specifications in detail.
contains mounting specifications.
describes data reliability and tape conditioning.

describes the tape formats (9, 15, 18, 26, 30 and 42 tracks) and how
the data is encoded.

describes the Drives’ supported basic operational functions.
describes the interface of the Drives with regards to the hardware.

only refers to the TDC 4100/ TDC 4200 SCSI-1 and SLR™ (TDC 4000)
SCSI-2 Interface - Functional Specifications which are complete
descriptions of the functional behavior of the SCSI-1 and SCSI-2 Host
Interfaces.

gives descriptions of the Drives’ extensive built-in selftest possibilities
and how to perform proper preventive maintenance.

lists the various Selftest Error Codes supported by the Drives.

1.3. Additional Documentation
The QIC-24 and QIC-02 Standurds, Revision D,
(Part No. 402732, Publ. No. 5447), available from our Sales & Marketing
Department.
The QIC-120-DC Standard for Data Interchange, Rev. F, June 1991
The QIC-150-DC Standard for Data Interchange, Rev. K, June 1991
The QIC-525-DC Standard for Data Interchange, Rev. H, March 1994
The QIC-1000-DC Standard for Data Interchange, Rev. E, March 1994
The QIC-2GB-DC Standard for Data Interchange, Rev. B, March 1994
The QIC-4GB Standard for Data Interchange, Rev. A, November 1996
The QIC-154 Standard for Data Compression

The proposed SCSI-2 X3.131 - 1994 Standard

1-2 SLR™ (TDC 4000) Series Reference Manual



2.

Introduction to the Drive

2.1. Summary

This chapter describes the basic features of the Tandberg Data SLR™
(TDC 4000) Series Streaming Tape Cartridge Drives. After a general
introduction, a description of the mechanical and electrical drive design
is given.

2.2. General Drive Description

The Tandberg Data SLR™ (TDC 4000) Series are streaming quarter-inch
tape cartridge drives that read and write according to the following table:

Tape Format

|Capacity | Write | Read |Drive Model |

QIC-4GB compressed 8.0 Gbyte X X SLR5 4.0/8.0GB only
QIC-4GB 4.0 Gbhyte X X SLR5 Series Drives
QIC-2GB - compressed 5.0 Ghyte X X SLR5 4.0/8.0GB and SLR4 2.5/5.0GB
QIC-2GB 2.5 Gbyte X X SLR5 and SLR4 2.5/5.0GB/-
SLR4 2.5GB
QIC-1000 1.2 Ghyte X X SLR5 and SLR4 2.5/5.0GB/-
SLR4 2.5GB/SLR3 1.2GB
QIC-525 525 Mbyte X X All models *)
QIC-150 155 Mbyte X X All models *)
QlC-120 125 Mbyte X X All models *)
QlIC-24 60 Mbyte X All models except the SLR5 series *)

NOTE *) : All models = SLR5 Series/SLR4 2.5/5.0GB/SLR4 2.5GB/SLR3 1.2GB/-
TDC 3820 MK2

Drive Application
The Drive is well suited for a variety of applications:

* Winchester back-up

e Archival storage

* Low cost background mass-storage system

» Datalogging

* Replacing the floppy disk for data interchanges
» Software distribution

Streaming

The mode of operation is streaming, i.e. the Drives are designed to run
the whole length of the tape, normally without any interruption. Unnec-
essary start and stop operations in the middle of the tapes will slow down
the system considerably. Too many starts and stops over a short tape dis-
tance may also reduce tape tension, which may adversely affect the re-
cording performance.

Basic Mechanical Building Blocks

The Drive mechanism is built inside a rigid casting. The mechanism in-
cludes a direct-drive, brushless capstan motor, a door-locking and ejec-
tion system and a head-moving (“worm-gear”) system. Figure 2.1 illus-
trates the Drive’s mechanical outline.

Note that mounting the Drive top or bottom-flush against a flat surface
will impede air flow and cause overheating of the capstan motor! This
MUST be avoided!

SLR™ (TDC 4000) Series Reference Manual 2-1



Tandberg Data Introduction to the Drive

SLR4 2.5/5.0GB and
SLR5 4.0/8.0GB Only

Figure 2.1 The SLR™ (TDC 4000) Series Drive

The Electronics
The electronics are contained on two printed circuit boards: The Main-
board and the Sensor Board.

The Drive electronics comprises one microcomputer (68HC11F1) for
drive- and formatting control, one ASIC (See NOTE) for buffering, ECC-
control, formatting and drive-functions. In addition the ASIC contains a
SCSI Controller for bus-control. Another ASIC is controlling capstan and
stepper motor, write current and other analog functions.

The SLR4 2.5/5.0GB and the SLR5 4.0/8.0GB also comprise the IBM
ALDC1-10S compression chip.

All electronics except the opto-electronic tape hole sensors and the mech-
anical “cartridge-in-place” and “write protected” switches are situated on
the Mainboard. The exceptions mentioned are located on the Sensor
Board.

NOTE:
ASIC = Application Specific Integrated Circuit.

2-2 SLR™ (TDC 4000) Series Reference Manual



Tandberg Data Introduction to the Drive

2.3. Tape Format and Drive Operation

Data is formatted into small blocks, each block containing 512/1024 bytes
of data (1024 bytes = QIC-525, QIC-1000, QIC-2GB and QIC-4GB for-
mats).

Special address and checking bytes are added to each block. The basic
layout is shown in Figure 2.2.

Data Block Data Block Control Block Data Block
(Filemark)
n n+1 n+2 n+3
Preamble Data Data Block CRC Postamble
Marker (512/1024 bytes) Address

Standard Data Block

Figure 2.2 Track format

Write Operation

The data bytes are transferred from the Host to the Drive and stored in
the Drive’s data buffer. The data is assembled into blocks of 512/1024
bytes. The Drive adds special address and check characters to each block
prior to writing the complete block on the tape. The Drive performs read-
while-write checking, and blocks with errors are automatically rewritten
further down the tape.

Read Operation

In read mode, data is read from the tape and the special address and
check characters are removed. The data bytes are then transferred to the
Host via the built-in data buffer in the Drive.

Any corrupted data will normally be corrected by the Drive (QIC-4GB,
QIC-2GB, QIC-1000, QIC-525 format) or the Drive will perform a reread
operation (QIC-24/120/150).

Edge/Reference Track Seeking

In order to improve the track-location accuracy and to ensure data inter-
changeability between cartridges, the Drive uses the edge of the tape as
the basic reference during write mode and the Reference Bursts as refer-
ences during read operations. When changing tracks the head will always
do a final movement upwards to reach the new track location. This is
done to eliminate influence of backlash in the worm-gear.

Edge Seeking in Write Mode
See Chapter 7. Basic Operational Functions.

Track Seeking in Read Mode
See Chapter 7. Basic Operational Functions.

SLR™ (TDC 4000) Series Reference Manual 2-3



Tandberg Data Introduction to the Drive

2.4. Drive Block Diagrams with Description

All drive operations are controlled by the 68HC11F1 microcomputer on
the Mainboard. This includes the stepping and positioning of the head,
the capstan motor operation, the sensing of the tape holes and the com-
munication with the Host.

Figures 2.3 and 2.4 show block diagrams for the various drive models.
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Figure 2.3 Block diagram - SLR5/TDC SLR4 2.5GB/TDC SLR3 1.2GB/TDC 3820 MK2
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Figure 2.4 Block diagram - SLR4 2.5/5.0GB and SLR5 4.0/8.0GB
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Capstan Motor System

The capstan motor speed is controlled by an analog servo and monitored
by the microcomputer. Pulse modulation of the motor voltage is used in
order to reduce power dissipation in the motor drive electronics.

Head Positioning System

The head is moved up and down with a double-screw (“worm-gear”) sys-
tem, controlled by a stepper motor. The microcomputer supplies the
pulses to the stepper motor. The microcomputer is also able to detect ei-
ther the edge of the tape or the edge of the reference signals by employing
the tape edge sensor electronics.

The Write/Read/Erase Head

The head has two recording channels designed for serpentine recording.
Each channel contains a write and a read section. When writing, the
Drive runs a read-while-write check to verify the recorded data. The head
also has a full-width erase bar that erases all the tracks on the tape each
time the Drive starts writing from Track 0.

Sensor System

The EOT (End of Tape), the BOT (Beginning of Tape), the LP (Load
Point), the EW (Early Warning) and the Tape ID holes in the tape are de-
tected by the Mainboard microprocessor using the Tape Hole Sensor cir-
cuit. The detection system includes a sophisticated, synchronously
clocked hardware system to avoid malfunction and tape run-out.

The Write Circuit

This circuit performs the actual writing on the tape. Information about
the data to be written is received from the Write Sequencer.

The write circuit adapts itself to the type of tape used.

NOTE:

Use QD9400 media for QIC-4GB. Use only DC9200 tape cartridges with at least
950 feet tape length or equivalent when writing the QIC-2GB tape format. Use
DC 9100 tape cartridges or equivalent when writing QIC-1000, and DC6320 or
DC6525 type tape cartridges only when writing QIC-525 tape format. When
writing QIC-120 and QIC-150, DC6150 tapes or equal should be used.

The stated capacity is based upon a drive performing continuous streaming, a
good quality tape with no more than 0.2 % rewrites and an effective tape length
of at least 950 feet.

A system not meeting these requirements will achieve less than the specified
2 Gbyte capacity.

The Read Circuit

The Read Circuit detects each flux transition from the read head and
converts it to a digital pulse. Automatic Gain Control (AGC) is used to
reduce the effect of the output variations from one cartridge to another.
The Read Gain is automatically set to match the actual performance of
each cartridge.

SLR™ (TDC 4000) Series Reference Manual 2-5
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Tandberg Data Introduction to the Drive

The Data Separator

This circuit generates the Read Clock and the Read Data pulses. A phase
locked loop is used to track the Instantaneous Speed Variation (ISV) of
the tape.

The MicroComputer Unit

The microcomputer controls and drives the operation seen from the user
interfaces.

The microcomputer uses its data and address-bus to communicate with
the digital circuit, and the SPI (Synchronous Pheripheral Interface) to
some of the logical circuits.

The SCSI Controller, Error Correction (ECC), DMA and Tape Controller
This is a Tandberg Data ASIC controlling the buffer and the DMA-chan-
nels between the digital control circuits. It also handles the error correc-
tion code (ECC).

The ASIC is also controlling the Read and Write encoding/decoding be-
tween the data-buffer and the read/write circuits.

The SCSI Controller is a part of the ASIC, and handles both the SCSI
control functions and the bus-drivers and receivers.

The Data Compression Chip

The data compression chip encodes data into a more compact form using
a proprietary Lempel-Ziv compression algorithm standadized by QIC.
This algorithm is known as ALDC Adaptive Lossless Data Compression.
Typical compression ratio is 2.5 : 1.

2.5. Interface to Host

The interface to the Host conforms with the SCSI-1 and SCSI-2 stan-
dards. Communication between the Drive and the host system is under-
taken via a 9-bit bidirectional bus and nine bidirectional control lines.
The Drive accepts commands from the Host. The Host may read the
Drive status by asking for the transfer of special status bytes from the
Drive. See Chapter 9 for a complete list of available commands. During
read and write operations, the data bytes are transferred via the Host
Bus. The transfer of each data byte is supervised by the control lines in a
handshake operation to minimize timing burden on the host controller.
For a detailed description of the hardware and software interface to the
Host, see Chapters 8 and 9.

2-6 SLR™ (TDC 4000) Series Reference Manual



3.

Standard drive
mounting

Max. dimensions
Weight

Product Specifications

This section contains a comprehensive set of specifications for the Drives.

3.1. Mechanical Dimensions and Weight

Fits in 5.25-inch, half-height (“slim-line”) enclosures for diskette or disk
drives. Standard mounting holes for half-height drives.

44 x 150 x 218 mm (1.732" x 5.905" x 8.583")
1.1 kg (2.4 1bs)

See Section 4.1 for mounting details and mechanical drawings.

3.2. Power Requirements

Sleep Motor Motor at 120 ips
Active Start-Up Write/Erase
+5V +12 'V +5V +12 V +5V +12 'V
TDC 3820 MK2/ Typ. 400 mA 0.15A 500 mA 3.3A 500 mA 09 A
SLR3 1.2GB/-
SLR4 2.5GB/ Max. 600 mA 0.3A 700 mA 45 A 700 mA 20A
SLR5 4GB
SLR4 2.5/5.0G/-
SLRE 4.0/8.0GB Typ.| 500 mA 0.15A 650 mA 3.3A 650 mA 09A
Max. 750 mA 0.3A 850 mA 45 A 850 mA 20A

Current (A)

I
X
H | H*H‘rl‘ il
i ”"HIHI Ik

+
b

0 100 200 300 400
Time (Ms)

Typical current curve for the +12 V power supply
during capstan-motor start-up (70.9 ips)
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Voltage
variations

Ripple on +5V
and +12 V

Power
dissipation

Operating
Storage

Transport

Tandberg Data Product Specifications

+5V 2 5% Including ripple
+12V +10 % Including ripple (No restrictions on the turn-on se-
quence)
Maximum 200 mV  Peak-to-peak, related at 1 ohm internal power sup-
ply resistance
3.5W Motor not running
150 W Typical, motor running with cartridge inserted

3.3. Environmental Specifications

The following definitions are used in this section:
The unit is unpacked and power is turned on.
The unit is unpacked and power is turned off.

The unit is packed in original package as when ready for shipment
from factory.

3.3.1. Temperature and Relative Humidity

Mode Temperature (°C) Rel. Humidity (%)

Operating *) +5 — +45 20 - 80
Storage -30 - +60 10 - 90
Transport -30 - +60 10 - 90

NOTE #) :

In operating mode these figures are limited by the media. Due to additional
heating coming from internal friction in the cartridge, the maximum surround-
ing temperature should not exceed 40°C in order not to violate the maximum
temperature rating for the tape cartridges which is 45°C. Maximum Wet Bulb
temperature is 26°C operating. (See figure below and IMPORTANT-notice in
Chapter 5. Data Reliability).

Relative

humidity (%) &

80—

20—

[

I I I I I o
5 30 45 Temp. (°C)

Drive temperature and humidity limits, operating
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Operating

Operating
Storage
Transport

Tandberg Data Product Specifications

3.3.2. Temperature Variation

Maximum 10°C per hour, non-condensing

3.3.3. Atmospheric Pressure

53 - 106 kpa [maximum altitude 4 000 m (13 000 ft)]
15 - 106 kpa [maximum altitude 13 000 m (40 000 ft)]
15 - 106 kpa [maximum altitude 13 000 m (40 000 ft)]

3.3.4. Vibration

Test method EC-68-2-6

Mode Frequency Peak Displacement Acceleration
Operating 5 - 60Hz 0.035 mm 10 % -

60 - 500 Hz - 056G
Storage 5 - B8Hz 0.150 mm +£10 % -

58 - 500 Hz - 20G
Transport 5 - 12Hz 3.5mm 10 % -

12 - 500 Hz - 20G

Topple Storage

Shock Transport

Shock Storage

Shock Operating
TDC 3820 MK2/-
SLR3 1.2GB

Shock Operating
TDC SLR4 2.5GB/-
SLR4 2.5/5.0GB/-
SLR5

3.3.5. Impact and Shock

Lifted 50 mm and allowed to fall on to each of the four bottom edges and
corners. (Horizontal position see section 4.1). (IEC-68-2-31).

Lifted 1.0 m for “single-pack” and 0.6 m for “10-pack”, and allowed to fall
freely on to a hard, rigid surface Fall sequence includes all 6 sides and
the most critical edge and corner. (IEC-68-2-32).

500 m/s? (50 g), Half sinewave, 11 ms duration. (IEC-68-2-27).

100 m/s2 (10 g), Half sinewave, 11 ms duration.

70 m/s2 (7 g), Half sinewave, 11 ms duration.
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3.4. Product Performance Specifications
3.4.1. Audible Noise
50 dB LpA according to ISO7779 : 1988 measured at a distance of 1 m.

3.4.2. EMC Emission - Radiated Electromagnetic
Interference

The Drive complies with the following:

* ENb55022/1987 (CISPR 22/1985) Class B

*  ENb55022/1987 Class B with amendments of Amtsblatt No. 61/1991,
Vfg. 243 and Amtsblatt No. 6/1992, Vfg. 46

* FCC Rules and Regulations Part 15, Subpart B, Class B

(The Drive mounted in a test cabinet).

3.4.3. EMC Immunity - Susceptibility to Electromagnetic
Field

The Drive complies with:
* Generic immunity standard EN 55082-1

An electromagnetic field of 10 V/m will not cause any functional distur-
bance. (The Drive mounted in a test cabinet).

3.4.4. EMC Immunity - Susceptibility to Electrostatic
Discharge

The Drive complies with:
* Generic immunity standard EN 55082-1

The Drive, operating in any mode, will not have any hard errors at or
below:

* 6 kV at contact discharge, or
* 8KV at air-gap discharge
(The Drive mounted in a test cabinet).

3.4.5. EMC Immunity - Susceptibility to Electrical Fast
Transient/Burst

The Drive complies with:

* Generic immunity standard EN 55082-1

Electrical fast transient/burst on data cables of 2 kV will not cause any

functional disturbance. (The Drive mounted in a test cabinet).

3.4.6. EMC Immunity - Susceptibility to Radio Frequency
Common Mode

The Drive complies with:
* Generic immunity standard EN 55082-1

Radio frequency common mode of 10 V/m will not cause any functional
disturbance.

(The Drive mounted in a test cabinet).
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3.4.7. EMC Immunity - Susceptibility to Surge Transients

The Drive complies with:
* Generic immunity standard EN 55082-1

Surge transients on AC-power ports of 0.5 kV in differential mode and
1 kV in common mode will not cause any functional disturbance.

(The Drive mounted in a test cabinet).

3.4.8. EMC Immunity - Susceptibility to Voltage Dips and
Interruptions on AC-power Parts

The Drive complies with:

* Generic immunity standard EN 55082-1

Voltage dips (10 ms/30 % and 100 ms/50 %) and voltage interruptions
(5 000/> 95 %) will not cause any functional disturbance.

(The Drive mounted in a test cabinet).

3.4.9. Safety Standard

The Drive complies with:

* EN60950/IEC 950
* UL 1950
* CSA C22.2 - 950M 1989

3.4.10. Mean Time to Repair

The Drive has a MTTR of less than 0.5 hrs. The MTTR is based on ex-
change of complete module assemblies. The head assembly can be ex-
changed in the field without the use of special alignment tools.
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Predicted, Actual
“Mature” MTBF

Head Life Time

Motor Life Time

Door Open/Close

Tandberg Data Product Specifications

3.5. Product Reliability

The predicted reliability of the Drives must be expressed in two parts
that will cover the expected random Mean Time Between Failures
(MTBF) for the electronics based on the Power On Hours (POH) and the
Mean Time to Failure (MTTF) for the mechanical parts based on the
POH and the Duty Cycle.

3.5.1. Electronics MTBF

The predicted MTBF has been calculated using:
Bellcore Reliability Prediction Procedure for Electronic Equipment,
Issue 4. September 1992.

This gives a value for the “mature” MTBF for POH of 170.000 hours.

The actual “mature” MTBF for the electronics part, based on field experi-
ence of similar equipment, is expected to be a factor of between 4 and 5
times higher than that predicted by the model. This means that the
MTBF will most probably lie in the range 300.000 POH and upwards. It
is not possible to be more precise with these predictions, as the actual
conditions under which the Drive is used is not under Tandberg
Data ASA’s control and may vary significantly from one customer to an-
other.

> 300.000 POH

Important Notice!
The MTBF value is dependent of correct handling (f. ex.: ESD protec-
tive measures are used), installation and use of the Drive by the system
installer/designer.

3.5.2. Mechanics MTTF

The failure rate for these parts is related to how often the Drive is actu-
ally used. In the case of the most critical components which are the head
and the capstan motor, the reliability is specified as the Mean Time to
Failure (MTTF) based on the POH and the Duty Cycle. The MTTR-values
are not accumulative as the wear takes place in parallel.

> 5.000 POH at 100 % Duty Cycle (see NOTES 1 and 2)
> 50.000 POH at 10 % Duty Cycle (see NOTES 1 and 2)

> 10.000 POH at 100 % Duty Cycle (see NOTE 2)
> 100.000 POH at 10 % Duty Cycle (see NOTE 2)

> 15.000 open/close cycles

NOTE 1:
This figure is based on using DC9100 tapes. See also Section 3.6.3. and Import-
ant notice in Chapter 5. Data Reliability!

NOTE 2:
Streaming operation, NOT extensive start/stop operations.
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3.5.3. Useful Life Cycle

This is the period during which the Drive is serviceable either by adjust-
ment or replacement of defective parts. In the case of the mechanical
parts, replacements must be expected as soon as the life-time is ap-
proached (see 3.5.2). This will depend on the actual usage of the Drive in

each case.

> 10 years
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Suggested
types of
media

Head type

Write head width

Read head width
TDC SLR4 2.5GB/-
SLR4 2.5/5.0GB

Read head width
TDC 3820 MK2/-
SLR3 1.2GB

Read head width
SLR5 Series

Erase head

Alignment error
between read and
write sections

Azimuth, Read/Write
Gaplines - not Erase

Zenith, Read/Write

Gaplines - not Erase

Head Life Time

Tandberg Data Product Specifications

3.6. Functional Specifications

3.6.1. Media

DC6150 183 m (600-foot), cert. for 12 500 frpi - QIC-120/150
DC6320 183 m (600-foot), cert. for 20 000 frpi - QIC-525
DC6525 311 m (1020-foot), cert. for 20 000 frpi - QIC-525

Magnus1.0/DC9100 232 m (760-foot), cert. for 45 000 frpi - QIC-1000
Magnus2.5/DC9250 289 m (1200-foot), cert. for 50 800 frpi - QIC-2GB
QD9400 457 m (1500-foot), cert. for 62 000 frpi - QIC-4GB

... or equivalent tapes from other manufacturers.

NOTE:
See Important notice in Chapter 5. Data Reliability about tape/environmental
temperature and humidity restrictions.

3.6.2. Head Specifications

2-channel read-after-write for serpentine recording. Full width erase bar.
Ferrite cores.

0.1778 mm +0.0038 mm (0.007" +0.0015")

0.0762 mm +0.0038 mm (0.0030" +0.00015")

0.0890 mm +0.0038 mm (0.0035" +0.00015")

0.0635 mm +0.0038 mm (0.0025" +0.00015")

Full tape width erase bar. All tracks are erased when writing from BOT
on Track 0.

Maximum 0.0127 mm (0.0005")

< 7 minutes-of-arc

< 15 minutes-of-arc

> 5.000 hrs.

3-8 SLR™ (TDC 4000) Series Reference Manual



Tandberg Data

Product Specifications

3.6.3. Tape Movement

Type of Streaming

operation

Tape speed
Format | TDC 4000 Series Drives | SLR5 Series Drives |
QIC-24/120/150:| 2.44 m/s (96 ips) 2.44 m/s (96 ips)
QIC-525: 3.05 m/s (120 ips) 3.05 m/s (120 ips)
QIC-1000: 1.35 m/s (53.3 ips) or 2.03 m/s (80 ips) | 2.7 m/s (107 ips) or 1.35 m/s (53.3 ips)
QIC-2GB: 1.8 m/s (70.9 ips) 2.4 m/s (94.4 ips)
QIC-4GB: 1.93 m/s (76 ips)

Tape speed Short term (1 byte): +6 % with cartridge inserted

variation Long term (512 bytes): +2 % with cartridge inserted

Start/stop time [@ 2.03 m/s (80 ips)]: Start time typical: 250 ms

Stop time typical: 150 ms

[@1.798 m/s (70.9 ips)]: Start time typical: 200 ms

Stop time typical: 150 ms

[@1.355 m/s (53.33 ips)]:  Start time typical: 200 ms

Stop time typical: 100 ms

[@1.93 m/s (76 ips)]: Start time typical: 200 ms

Stop time typical: 150 ms

[@ 3.05 m/s (120 ips)]: Start time typical: 350 ms

(See figure) Stop time typical: 250 ms

[@ 2.40 m/s (95 ips)]: Start time typical: 300 ms

Stop time typical: 200 ms

[@ 2.44 m/s (96 ips)]: Start time typical: 300 ms

Stop time typical: 200 ms

[@2.70 m/s (107 ips)]: Start time typical: 325 ms

Stop time typical: 220 ms
Tape
speed

120 ips SRS
0
Start time Stop time

Typical curves for tape speed during start/stop operations (120 ips)

Typical 230 ms

SLR™ (TDC 4000) Series Reference Manual
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Recording
method

Recording
density

Maximum flux
density

Block size

Nominal overhead
per block

Write procedure

Read procedure

Data transfer rate

Tandberg Data

Product Specifications

3.6.4. Recording Specifications

NRZ1 (NON-RETURN to ZERO, change on ONEs)
with data encoded according to the 0,2 GCR rules.

QIC-24:
QIC-120/150:
QIC-525:
QIC-1000:
QIC-2GB:
QIC-4GB:

QIC-24:
QIC-120/150:
QIC-525:
QIC-1000:
QIC-2GB
QIC-4GB:

QIC-24/120/150:

QIC-525/1000/2GB:

QIC-24:
QIC-120/150:
QIC-525:
QIC-1000/2GB:
QIC-4GB:

315 data bits per mm (8 000 data bits/inch)
394 data bits per mm (10 000 data bits/inch)
630 data bits per mm (16 000 data bits/inch)
1417 data bits per mm (36 000 data bits/inch)
1600 data bits per mm (40 640 data bits/inch)
1952 data bits per mm (49 600 data bits/inch)

Maximum 394 ftpmm (10 000 ftpi)
Maximum 492 ftpmm (12 500 ftpi)
Maximum 788 ftpmm (20 000 ftpi)
Maximum 1772 ftpmm (45 000 ftpi)
Maximum 2000 ftpmm (50 800 ftpi)
Maximum 2441 ftpmm (62 000 ftpi)

512 data bytes
1024 data bytes

19.5 bytes (Preamble 12, Byte Marker 1,
Block Addr. 4, CRC 2 and Postamble 0.5)
23.5 bytes (Preamble 16, Byte Marker 1,
Block Addr. 4, CRC 2 and Postamble 0.5)
50 bytes (Preamble 40, Byte Marker 1,
Block Addr. 4, CRC 4 and Postamble 1)
59.5 bytes (Preamble 49.5, Byte Marker 1,
Block Addr. 4, CRC 4 and Postamble 1)
78 bytes (Preamble 68, Byte Marker 1,
Block Addr. 4, CRC 4 and Postamble 1)

Writing always starts from the beginning of Track 0, except when the
Host tells the Drive to start writing from the last block recorded.

All tracks are erased when writing from BOT on Track 0. Tracks are
written in an evenly rising order, i.e. 0, 1, 2 etc.

If QFA is implemented, writing may either commence from Track 45
(QIC-4GB), Track 41 (QIC-2GB), Track 29 (QIC-1000), Track 25

(QIC-525) or Track 0.

Reading always starts from the beginning of Track 0 and is performed in
an evenly rising order, i.e. 0, 1, 2, etc.

The measurements are performed using a stop-watch and timing the
MB-counter on the Enterprise screen. Each measurement is repeated 5
times with varying amounts of data, and the average transfer rate
computed. Enterprise ver. 4.33 is run on a 486/33 PC using an
Adaptec 1542 SCSI card. A WriteF(ixed block) command is executed with
default (512 bytes) block size. All measurements are taken within one

physical track.

In cases where the Drive measured is data compression capable, the data
compression is turned off.

[ Drive Type | SLR1 | SLR2 | SLR3 | SLR4 |SLR4-DC | SLR5
[Transfer Rate| 84.8 KB/ls | 199KB/s  |197KB/s | 296KB/s | 280KB/s | 387 KBIs
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Hard Write
Error Rate

Rewrite Error
Rate

Soft Read
Error Rate

Hard Read
Error Rate

Tandberg Data Product Specifications

3.6.5. Data Error Rate Definitions

Based upon QIC-2GB tape format using DC9100 tape cartridges or equi-
valent media under normal environmental conditions (50% rel. hum.,
+25°C, continuous streaming, no vibration or shock).

The various types of error rates can be divided into four or five different
categories:

1) Hard Write Error Rate
2) Rewrite Error Rate

3) Soft Read Error Rate
4) Hard Read Error Rate

5) Raw Read Error Rate (only for formats with built-in ECC, see
below)

In addition to this we discuss fwo main categories based on the type of
drive involved:

1) Formats without built-in ECC
2) Formats with built-in ECC

NOTE:

The data error rate may be affected when the Drive is used under other
conditions than normal office environmental conditions. Errors may occur more
often when the environmental conditions deviate from this on temperature,
humidity or cleanliness.

3.6.5.1. Formats Without Built-in ECC

This number deals with the situation where the Drive cannot write a
block correctly after a maximum of 16 retries.

The Hard Write Error Rate is expressed in the number of occurrences
of this situation; divided by the total number of blocks recorded.

This number deals with the situation where the Drive rewrites a block
determined to be bad during the Read-While-Write control.

The Rewrite Error Rate is expressed as the total number of (different)
rewritten blocks; divided by the total number of blocks recorded.

This number deals with the situation where the Drive must perform one
or several new read operations (as part of a read/retry sequence) on a
block during a read-only mode.

The Soft Read Error Rate is expressed as the total number of
(different) re-read blocks; divided by the total number of bits read.

NOTE:
The soft error rate counts on block numbers. According to this, the Soft Read
Error Rate does not depend on how many times a block is re-read.

This number deals with the situation where the Drive fails to read a
block correctly after passing through the complete read/retry procedure.
The Hard Read Error Rate is expressed as the total number of blocks
that cannot be read correctly after the complete read/retry sequence has
been executed; divided by the number of bits read.

NOTE:

A Read error is not defined as “hard” until the operator has executed a head-
cleaning operation, a complete retension cycle and a new (failing) Read opera-
tion when the Read operation fails on the same block.
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3.6.5.2. Formats With Built-in ECC

Hard Write Same definition as for formats without built-in ECC.

Error Rate

Rewrite Error Same definition as for formats without built-in ECC.

Rate

Soft Read The same definition as for formats without built-in ECC. However, the
Error Rate error rate now reflects the number of blocks which requires either one or

more read /retry sequences or an ECC operation or both in order to be
read correctly.

Hard Read In principle the same definition as for formats without built-in ECC.

Error Rate However, the definition of a block with a hard error is now changed to a
block which cannot be read correctly after a complete read/retry se-
quence has been executed and additionally cannot be corrected by using

ECC.

NOTE:

A Read error is not defined as “hard” until the operator has executed a head-
cleaning operation, a complete retension cycle and a new (failing) Read opera-
tion when the Read operation fails on the same block.

An additional 5th category of error rates is considered for ECC
equipped drives:

Raw Read This number deals with the amount of blocks which cannot be read cor-

Error Rate rectly without using ECC even after a complete read/retry sequence has
been performed. This number will be the same as the Hard read Error
Rate for a format without ECC.
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3.6.5.3. Data Error Rates

Hard Write Rewrite Soft Read Raw Read Hard Read
Error Rate Error Rate Error Rate Error Rate Error Rate
QIC-24 - - 1078 - 10-11
(NOTE 1)
QIC-120/150
without ECC NOTE 2 0.7 % 10-8 - 10711
QIC-525 NOTE 2 0.9% _ 3%x10°9 1015
(NOTE 3)
QIC-1000 NOTE 2 0.9% _ 3%x10°9 1015
(NOTE 3)
QIC-2GB NOTE 2 0.9% - 3%x 109 1015
(NOTE 3)
QIC-4GB - - - 3%x10°9 10-15
(NOTE 3)
NOTES:
1) Most QIC-24 drives used 10-10 as the specified Hard Error Rate. The 1011

2)

3)

specified above assumes a tape which has been recorded to meet the 10-11
Hard Read Error requirements.

The Hard Write Error Rate will be a function of factors such as operating
environment, head cleaning intervals, tape changing intervals etc.

Based upon the specified, defective density of the DC6150, DC6525 and
DC9100 tapes for QIC-525, QIC-1000, QIG2GB and QIG4GB formats, the
Hard Write Error Rates are 10-34, 10-32, 10-30 and 10-30 respectively. These
figures assume independent Write errors. Systematic errors due to debris on
the head surface, long scratches on the tape etc. are not included.

The specified Hard Read Error Rates for the formats with ECC assume in-
dependent errors.

3.6.6. Storage Capacity (Uncompressed)

QIC-24: 137 m (450-foot) tape: 45 MBytes *

169 m (555-foot) tape: 55 MBytes *

183 m (600-foot) tape: 60 MBytes *
QIC-120: 183 m (600-foot) tape: 125 MBytes *
QIC-150: 183 m (600-foot) tape: 155 MBytes *
QIC-525: 183 m (600-foot) tape: 320 MBytes *
QIC-525: 311 m (1020-foot) tape: 525 MBytes *
QIC-1000: 232 m (950-foot) tape: 1200 MBytes *
QIC-2GB: 289 m (1200-foot) tape: 2500 MBytes *
QIC-4GB: 457 m (1500-foot) tape: 4000 MBytes *

* Assuming typical tape-error performance and con-
tinuous streaming
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Type of mechanism

Head movement
per step

Number of
steps between
adjacent tracks

Type of capstan
motor

Servo system

Capstan
tachometer

BOT/EOT sensor

Cartridge sensor

Write protect
sensor

Basic design

Read clock

Read/Write
buffer capacity

Tandberg Data Product Specifications

3.6.7. Head Moving Mechanism

Double-screw (worm-gear) mechanism controlled by a stepper motor.
0.005 mm (0.0002") per step, non-accumulating.

Tolerance on maximum operating head travel:
0.03 mm (0.0012") maximum.

QIC-24: Nominally 122 steps
QIC-120: Nominally 81 steps
QIC-150: Nominally 68 steps
QIC-525: Nominally 46 steps
QIC-1000: Nominally 40 steps
QIC-2GB: Nominally 28 steps
QIC-4GB: Nominally 25 steps

3.6.8. Capstan System
High-efficiency, brushless DC motor.

Analog servo-system with crystal controlled, digital reference; monitored
by the microprocessor.

Hall IC outputs with 48 transitions (24 pulses) per revolution.

3.6.9. Tape Sensor System

Solid state infrared transmitter and receivers. Synchronous transmit-
ter/receiver system (digital synchronous demodulation) and digital, low-
pass filtering in the microprocessor firmware for noise suppression.

Mechanical

Mechanical

3.6.10. Electronics

One microcomputer (68HC11F1) for drive- and formatting control, one
ASIC (Application Specific Integrated Circuit) for buffering, ECC-control,
formatting and drive-functions. In addition the ASIC contains a SCSI
Controller for bus-control. Another ASIC is controlling capstan and step-
per motor, write current and other analog functions.

Alignment of the Read- and Write channels with A/D and D/A converter.
Automatic alignment for each new tape cartridge during Read- and
Write operations.

Programmable, phase-locked loop

256 KBytes with parity
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3.6.11. QIC-154 Compatibility (SLR5 4.0/8.0GB and SLR4
2.5/5.0GB Only)

The SLR4 2.5/5.0GB is compatible with the QIC-154 development
standard describing how data is compressed before being written to the
tape. All compression and decompression must strictly follow this
algorithm. The figure below illustrates briefly the data-flow through
compression and ECC generation before it is written to the tape in the
normal QIC-2GB or QIC-4GB manner:

/oSt
~
| | Unlimited data-stream from Host to SCSI-controller
~
/ SCSi-controller /
~

| | | | Maximum 32 KByte data bursts transferred from the
SCSl-controller to the compression chip

~
/ ALDC-conversion / QIC-154 standard
N
He,aderJr | | | | | | H\ | | Compressed data with 10-byte header for every
Compression Block Grou
- Header Compression P P
/ DMA to buffer / Block
~
seee—|| [ [TLTTTTTITTTTHTUIIIINN  compressed data s fied nto normai biooks in urter
~
/ ECC generation /
h s 2 ECC-blocks inserted for every 14th data-block —
(LTI EccHrame equais 16 biocks
L Frame——! ~

/ Parallel to serial /
~

g T T T

42 tracks recorded serially in 1024-byte physical
S blocks on tape

Physical block

3.6.11.1. Adaptive Lossless Data Compression (ALDC)

Adaptive Lossless Data Compression (ALDC) is a process of encoding a
body of digital data into a smaller representation from which the original
can be subsequently reconstructed. The algorithm is adaptive in the way
that it adjusts to the type of data to be compressed - to achieve maximum
compression ratios over a wide range of data sources. If the data can al-
ways be reconstructed exactly without any distortion or loss of informa-
tion, the process is termed “lossless”. This is in contrast to “lossy” com-
pression used in some graphics applications and fax-machines where
some of the original information is lost (in order to achieve higher com-
pression). Lossless data compression has applications wherever digital
data is processed, transmitted, or stored.

Two major benefits of data compression are listed below:
e Increased data storage capacity: Digital data can be compressed
before it is written to disk, magnetic tape, etc. The use of data

compression can significantly increase the storage capacity of the
system. The data is decompressed when it is retrieved.
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Data Throughput
and Data
Compression Ratio
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¢ Increased data transmission throughput: Digital data can be com-
pressed before it is transmitted from one module to another. The
transmission system can be modem, microwave, network cabling,
microprocessor buses, as well as the interface to digital storage de-
vices. Increased data transfer rates can lead to significant in-
creases in overall system speed.

3.6.11.2. Compression Performance Results

The two most important performance measures for the ALDC algorithm
are data throughput and data compression ratio. Throughput perform-
ance is measured as the data rate that can be sustained at the uncom-
pressed side of the ALDC chip (i.e. the host device side). This data rate is
primarily dependent upon the compression ratio with some minor depen-
dency upon the data pattern. The actual throughput values are depen-
dent on the data being compressed or decompressed and the associated
compression ratios. The worst-case-through put occurs when the input
data is completely random and as a result is expanding. In any case, the
data rate that can be sustained at the Host side can be calculated by
multiplying the data rate of the compressed data going onto the tape with
the compression ratio.

Typical compression ratios are 2 : 1 to 3 : 1. Hence, the SLR4 2.5/5.0GB
will give typical data rates of 2 x 300 KB/s = 600 KB/s and 3 x 300 KB/s =
900 KB/s at the Host side. These data rates must be sustained to keep
the Drive streaming.

The SLR5 4/5GB Drive has a non-compressed data rate of 400 KB/s. The
compressed data rates will be 800/1200 KB/s respectively.

DB4_DATA | %!
JAP_TEXT | %
EXE_S370 |

123 WORK | 7

SRC_QC25 | %

EXE_RS6K _m

ENG_TEXT | |

DW4_DOCS | 7

EXE_DOS4 e

EXE_8086 [
Average = 3.14_ |

Compression ratios for typical personal computer files

The second performance measure is the data compression ratio for vari-
ous data types. This is the ratio of the size of the record before compres-
sion divided by the size after compression. The compression ratio depends
on the amount of redundancy in the data and varies widely with the type
of data. Truly random data contains no redundancy and as a result can-
not be effectively compressed. In the case of compression applied to ran-
dom data, the data will expand approx. 12.5% and the “compressed” data
will contain more bytes than the input data.
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The performance of the ALDC algorithm was measured by compressing
real user files. The chart shown above is a summary of the compression
ratios achieved by the ALDC algorithm on typical personal computer
files. Bitmapped image files often contain regions of solid color (high re-
dundancy) and are not very compact by their nature. As a result this type
of file typically has a very high compression ratio. On the other hand, bi-
nary files (object code and executable programs) are much more compact
and random in nature. These typically compress poorly.
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4.

Mounting
Positions

Mechanical
Dimensions

Dimensions are in mm.
(Dimensions inside
brackets in inches).

General tolerances:
+/-0.5 mm (+/-0.02")

Mounting Screw
Requirements

Mounting Specifications

4.1. General Mounting Information

Recommended mounting position is either horizontal with the indicator
to the left, or vertical with the indicator down. The Drive must not be
mounted in such a way that the cartridge is operated upside down.

IMPORTANT!
It is of the utmost importance to observe that the aluminum chassis is
not bent or twisted in any way when tightening the mounting screws!

The Drive occupies a half-size 5.25-inch slot with two standard holes for
3 mm mounting screws on both sides of the Drive chassis.

In addition, four 3 mm standard mounting holes are located at the bot-
tom of the Drive (drive mounted horizontally).

See Figure 4.1 for the mechanical dimensions of the Drive. Make sure to
leave sufficient external free space to obtain easy open/close operation of
the front door when mounting the Drive.

12.5 (0.49)  ml |« 203.2 (8.0) -
I —
Py i
]
g 5 2
w0 ~ [T}
Qe ~ -
(2] [2]
= g 3
Y ' Y
L AN
47.4 '
- »a 792(3.12) > . Mounting Holes M3
(1.87) / 4onbase
2 on each side

i
42.8 (1.69)
|

L 41.3(1.63)
N N B Y

1
10 (0.39) _

Figure 4.1 Drive Mounting Details (European Projection)

* Only M3 (metric) screws must be used for mounting the Drive
* Maximum permitted screw depth is: 6.0 mm
+ Minimum required screw depth” is: 4.0 mm
* Screw torque, mounting screws: 0.9 Nm

+ Recommended screw length ? :
- For mounting bracket thickness between 0 and 2.0 mm,
screw length = 6.0 mm

NOTES:
1): “Screw depth” = The penetrating depth of the screw into the Drive chassis.
2): “Screw length” = Screw depth + bracket thickness.

CAUTION!

To prevent the screws from penetrating too deeply into the Drive and thereby
cause damage, it is of the utmost importance that the recommended screw
length specification is followed. Damage caused by use of inappropriate screw
and bracket/mounting combinations void any warranty claims!
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Tandberg Data Mounting Specifications

The maximum cable length from the Drive to the host-interface is 6 me-
ters (20 feet). However, to increase system noise immunity, the cables
should be kept as short as possible.

The power connector is AMP 174804-1 or equivalent. The mating connec-
tor is AMP 1-480424-0 or equivalent.

The Drive-chassis must be grounded to the system-chassis through the
mounting screws or by using the “fast-on” connector at the rear of the
Drive, see Figure 4.2.

Correct grounding of the chassis is important to reduce radiated electro-
magnetic interference, and for electrostatic discharge (ESD) protection.
If the Drive-chassis is NOT connected to the system-chassis, a Drive
built-in resistor of 270 Kohm can be used to drain off the charges via the
signal ground to chassis ground, provided that the signal ground is con-
nected to the system-chassis.

However, Tandberg Data ASA takes no responsibilities for damages
which may occur if secondary arcing takes place to the drive Mainboard.
An insulation voltage is NOT specified.

To avoid multiple, internal ground loops, the system must have only one,
common point between the chassis and the signal ground. This is nor-
mally chosen where the external SCSI-bus connector is located. The DC
power supply returns must therefore NOT be connected to the chassis. In
the event of an electrostatic discharge, secondary arcing is prevented if
the signal ground follows the chassis potential.

IMPORTANT!

As system-mounting and grounding are outside our control, Tandberg
Data ASA cannot be held responsible for any problems due to systems
not meeting the relevant testing standards.

Chassis Label

Power Service Ground SCsSI
Connector Port Connector Connector

Figure 4.2 Rear View of the SLR™ (TDC 4000) Series Drive
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Pin removed for keying

Tandberg Data Mounting Specifications

4.2. Strap Setting/Selecting Drive Number

Most of the TDC 4200 options are controlled by the EEPROM and NOT
by using the selection straps at the rear of the Drive. These options will
be described in the Software Interface part of this manual.

Only the functions and options which are impractical to handle in this
way are controlled by strap settings. The “multi-function” jumper field lo-
cated at the Drive’s rear end (see Figure 4.3) supports the following func-
tions:

» Selection of Drive number

Enabling/Disabling of the Parity Check

« Test-pins for internal, manufacturing use only

« Serial communication for adjustments and tests
» Test selection

The layout of the jumper/strap connector is shown below:

RCLK — PAR
RPLSTST SEL2 Drive Number
BRDIN® — SELL ( selection
BRDOUT* SELO
.*' o (o o o (o o : o PWRTERM
TEST:
Special tests are executed
if this pin is grounded ———— L GND
BITSHITST*
RDTST
BOOT

Figure 4.3 Layout of the Service Port

4.2.1. Selecting Drive Number

The factory default drive number setting is Drive 0. If the Drive has to be
set up as a different unit number, the straps have to be connected to
ground according to the following table (Strap connected = CLOSED):

[ TEST | sEL2 | sEL1 | sELo | Meaning |
OPEN OPEN OPEN OPEN Select Drive 0
OPEN OPEN OPEN CLOSED Select Drive 1
OPEN OPEN CLOSED OPEN Select Drive 2
OPEN OPEN CLOSED CLOSED Select Drive 3
OPEN CLOSED OPEN OPEN Select Drive 4
OPEN CLOSED OPEN CLOSED Select Drive 5
OPEN CLOSED CLOSED OPEN Select Drive 6
OPEN CLOSED CLOSED CLOSED Select Drive 7
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4.2.2. Enable/Disable Bus Parity Checking

The Drive Parity Checking is enabled/disabled by means of a strap be-
tween the PARI-pin and GND (Ground).

4.2.3. External SCSI-bus Termination

Since most data cartridges only are specified up to 45°C, we recommend
that the bus termination option inside the Drive is NOT used as this will
cause unnecessary heat dissipation inside the Drive.

To avoid this, the TDC 4200 Drive must be placed between other SCSI-
devices on the SCSI-bus. However, if this is not possible, we suggest that
the bus is terminated with a special flat-ribbon bus terminator which can
be mounted at the end of the cable.

IMPORTANT!

Remember to remove the three single-in-line resistor networks inside
the Drive when the Drive is NOT mounted at the end of the SCSI-bus or
when external SCSI-bus termination is used!

4.2.4. Serial In/Out Communication

The IN and OUT signal pins are used to connect the Drive to certain test
tools. In particular the serial communication is used for adjusting the
Drive with the TDT 4120 BIRD Test System.

4.2.5. Test Functions

The Drive has several test functions that can easily be started by setting
up a specific code on the select straps (SELO - SEL2), and by grounding
the TEST-pin during drive power-up. The coding is as follows:

[ TEST [sEL2  |seL1  [sELo [ Meaning |

CLOSED OPEN OPEN OPEN Burn-In

CLOSED OPEN OPEN CLOSED | Selftest 2

CLOSED OPEN CLOSED | OPEN Reserved

CLOSED OPEN CLOSED | CLOSED | Reserved

CLOSED CLOSED | OPEN OPEN Reserved

CLOSED CLOSED | OPEN CLOSED | ERASE FWD/REV
CLOSED CLOSED | CLOSED | OPEN WRITE + ERASE FWD/REV
CLOSED CLOSED | CLOSED | CLOSED | WIND/REWIND

The different tests are described in detail in Chapter 10, Section 10.1.2.
The Manually Activated Selftests.
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Temporary Host

Tandberg Data Mounting Specifications

4.3. SCSI-Bus Interface Configuration

Figure 4.6 shows a typical SCSI-bus configuration making use of the
Drive. In this system, each peripheral device has either a separate or an
embedded interface-controller to make it compatible with the SCSI-bus
specifications. The whole bus is connected to the Host via a special inter-
face to allow other host operations while the SCSI-bus is busy.

In a SCSI-bus system (see Figure 4.4), the Host will activate a particular
peripheral device when necessary. However, when needed, one of the
other peripheral devices may take over the bus, acting as a temporary
host until that particular operation is completed.

NOTE:

The Drive has built-in termination resistor network. This network MUST be
REMOVED if the Drive is not mounted in either end of the SCSI-bus cable or if
external bus termination is used. See Section 4.2.3.

Disk Disk
Controller

Floppy Floppy
Disk Controller

Host CPU

(—

i

SCSI-Bus

SLR™ (TDC 4000) Series

Streaming Tape Cartridge <:>
Drive

Printer Printer
Interface

Figure 4.4 Block diagram of a system with SCSI-bus interface
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4.4. Heat Dissipation

The Drive dissipates typically 15 W when running, and 3.5 W in stand-
by.

Part of this energy is dissipated in the cartridge itself while the tape is
running. As a rule of the thumb, the base-plate temperature of a typical
cartridge will increase about 7°C during a run of 27 minutes.

An internal cooling fan is mounted on the capstan motor axle to circulate
the air inside the Drive. This will cause a limited air flow, entering the
Drive via the fan opening and escaping through the various ventilation
holes, see Figure 4.5.

(Air in)

Ventilation holes -

Cooling fan opening top cover
Vi

(Air out)

&
2.2
Z x Ventilation holes -
drive chassis

Figure 4.5 Ventilation air flow

The maximum allowed internal temperature in the Drive in operating
mode is limited by the media. The specifications for most data cartridges
are 5 - 45°C, humidity at 20 - 80 %, and maximum Wet Bulb temperature
is set to 26°C. (See also Section 3.3.1).

Care should be taken, when designing a system, to provide sufficient
cooling possibilities to meet the cartridge specifications above. It is of
course of importance not to terminate the SCSI-bus inside the Drive as
this will dissipate unwanted heat inside the drive unit. We recommend
that the SCSI Drive is not located in either of the ends of the SCSI-bus
cable; in which case NO Drive termination circuitry is required. See Sec-
tion 4.2.3.

It is also possible to use specially designed bus-terminators on the cable
itself.

It should be noted that in some applications it may be necessary to pro-
vide forced ventilation.

It is important that the cartridge operating specifications are not vio-
lated. Thus, when testing at system level the three following control
points are recommended for temperature measurements:

[0 The air surrounding the head. (Measure close to the
point where the tape touches the head-surface).

[0 The air inside the cartridge. (Drill a small hole in the
cartridge’s plastic cover and measure the temperature
inside the cartridge).

[l The cartridge baseplate temperature in a circle of
12.5 mm (0.5") around the center of the Drive’s roller
pin (= the wheel engaged with the capstan motor when
a cartridge is inserted).
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5. Data Reliability

5.1.

Summary

This chapter deals with data reliability. It starts with a general introduc-
tion including important points for the system designer, and then goes on
to describe the algorithm employed during write- and read- operations
when errors occur. The important message is that MEDIA ERRORS
WILL OCCUR, even in the best designed system, and the SLR™
(TDC 4000) Series Drives are designed to deal with these errors in a very
efficient way.

5.2.

General Introduction

Data Reliability Data reliability is a function of many variables such as:

Tape and cartridge quality

Head quality

The design of the read- and write-electronics, including
read clock circuit

Capstan quality

Capstan motor and servo system

Quality of the mechanical locking system, the cartridge-
guides and the head positioning system

Quality of tape handling

Drive mounting in the host chassis

Cleaning and maintenance

Cleanness of the air surrounding the Drive and tape
Quality of the power-supply connected to the Drive
Quality of the way data-errors are treated by the formatter
ECC algorithm

Operating and storage environments

Features Given The Drive is designed and constructed for optimal quality to ensure a
Special Attention low error rate. Here are some of the features that have been given spe-
cial attention:

The Drive mechanism is mounted on arigid casting

The locking mechanism ensures that the cartridge always
locks in the same position

The head screw (“worm-gear”) system is able to position
the head within very narrow tolerances

The wr