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Introduction

This manual provides the service technician with the information necessary to main-
tain and service the Qualstar 34XX Series Tape Drive at the modular repair level. In
addition to schematic diagrams and parts illustrations, sections are included to pro-
vide the service technician with an understanding of drive operations at the printed
circuit board assembly (PCBA) functional level.

Information regarding the installation and configuration of the tape drive, as well as
the technical and interface specifications, is not within the scope of this manual. This
information can be found in the 34XX Series User’s Guide (500300), the 341X Product
Specification (500240), the 340X Product Specification (500540) and in the SCSI-2 In-
terface Manual (500358).

Although Qualstar has made every effort to insure the accuracy of the information con-
tained in this manual, no guarantee is expressed or implied that the manual is error-
free, and Qualstar reserves the right to make changes at any time without prior
notification.

Figure 1-1 34XX Series Tape Drive

The Qualstar 34XX Series Tape Drive is a sophisticated, state-of-the-art computer
peripheral, and should only be serviced by a competent service technician experienced
with the operation and maintenance of tape drives, and only after reading and under-
standing the User’s Guide and this technical service manual.

500450 B Introduction



All of the operating instructions and maintenance procedures must be followed to pre-
vent personal injury or damage to the equipment. In the interests of safety, there are
two kinds of warnings in this document:

DANGER! PERSONAL INJURY MAY RESULT IF YOU DO NOT
FULLY COMPLY WITH THE HANDLING, OPERATING,
OR SERVICE INSTRUCTIONS FOUND IN A DANGER
PARAGRAPH.

Caution! EQUIPMENT DAMAGE OR LOSS OF DATA may result if you do not fully
comply with the handling, operating, or service instructions found in a
Caution paragraph.

In addition, useful information and tips may be found throughout the document in the
following format:

Note: SPECIAL ATTENTION to explanatory statements found in a Note paragraph
will help you avoid mistakes and/or save time.

1-2 Introduction
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General Description

N

The 34XX Series Tape Drive stores and retrieves data recorded in nine-track digital
format on 1/2 inch wide magnetic tape. It contains its own data formatting electronics
and was designed to be connected to a magnetic tape coupler using the Industry
Standard Interface.

It can operate on 100, 110, 220, or 240 VAC, 50 or 60 Hz, and uses low power electron-
ics and components wherever possible. The maximum power requirement of 225 watts
occurs during tape repositioning.

Models are available at the speeds and densities shown in Table 2-1.

CONFIGURATION SUPPORTED DENSITIES SCsl
RACK L crop | 800 1600 3200 6250 6250 OPTION
MOUNT 125ips 125ips 62.5ips 125ips 62.5 ips
3402 3404 X X X
3410 3412 X X X X X
3413 3414 X X
3416 3418 X X X X X X

Table 2-1  The 34XX Family

The drive has an auto-loading capability which locks the supply reel to the hub,
threads, tensions, and brings the tape to load point (BOT) without operator assis-
tance. It also has mid-reel load and automatic unloading capabilities.

The operator can communicate with the drive by pressing the switches and observing
the indicators and LCD display on the front panel. Various operating configurations
and options can be set either at the front panel or via the interface. The drive stores
the last operating configuration and various maintenance parameters in non-volatile
memory, and automatically restores these parameters each time it is switched on.

2.1  General Layout

500450 D

The drive can be slide-mounted in a standard 19-inch EIA equipment rack requiring
5.25 inches of vertical space. A desktop enclosure option is also available. About 26
inches deep and weighing about sixty pounds, the drive consists of a base and a chas-
sis which are hinged together at the rear. All of the tape handling components and
some of the electrical components are mounted to the underside of the base, while the
AC line components and the remaining electrical components are mounted to the chas-
sis. The main power switch is located on the front panel.

General Description



The base is protected by a top cover, and a hinged door in the front of the drive allows
the user to insert and remove tape reels. Both the cover and the door are interlocked
and will stop tape motion whenever either is opened.

2.2 Base Assembly

2.2.1

2.2.2

223

The tape path area can be accessed for servicing and cleaning by first sliding the drive
forward out of the mounting cabinet and then raising the top cover. The cover helps to
keep the tape path area clean and also directs air flow during automatic tape thread-
ing at load time.

Lifting the cover provides access to the following subassemblies:
» Supply hub and take up reel

- EOT/BOT assembly

» Read/write head

* Read Preamplifier PCBA (341X only)

» Tape guides and rollers

+ Tape-In-Path sensors

» Write ring sensor

« Tape cleaner

Supply Hub and Take Up Reel

A solenoid mechanism attached to the underside of the base locks and unlocks the sup-
ply hub automatically during the load and unload sequence. Should the solenoid or its
circuitry fail, the user can manually lock and unlock the supply hub by opening the
door and operating a lever while turning the hub by hand.

EOT/BOT Assembly

The EOT/BOT Assembly uses an infrared emitter/detector to sense the reflective tabs
near the beginning and end of ANSI standard tapes. These sensors are continuously
monitored by the tape control circuitry, and are used to generate the beginning of tape
(BOT) and end of tape (EOT) interface signals (ILDP and IEOT).

Read/Write Head

The read/write head assembly (“head” for short) is a dual stack head which converts
electrical impulses into magnetic information on the tape, and vice versa. Attached to
the head is a full-width erase head which is on during write operations and off during
read operations. The dual stack construction allows simultaneous reading and writ-
ing. The drive writes in the forward tape direction, and will read in both directions.

General Description 500450 D



2.24

2.2.5

2.2.6

227

2238
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Read Preamplifier PCBA

A Read Preamplifier PCBA is connected to the rear of the read head and provides the
first level of signal amplification while maintaining a high signal-to-noise ratio. Its
analog output is sent to the Read Formatter PCBA for further processing and decoding.

Tape Guides and Reference Guides

Three tape guides and two reference guides direct the tape through the tape path,
across the head, and into the reels. The tape guide nearest the supply hub is referred
to as the fixed guide. It guides the tape into and out of the supply reel and helps estab-
lish an even tape pack.

Another tape guide, located next to the fixed guide, is mounted on a spring-loaded
arm which forms part of tension sensor used to maintain a constant tape tension
across the head. This tape guide is sometimes referred to as the tension roller.

A third tape guide, located near the take up reel, guides the tape into and out of the
take up reel. It is part of a tachometer which is used to tell the tape control circuitry
the position and velocity of the tape. This tape guide is sometimes referred to as the
tach roller.

The reference guides are steel posts located on each side of the head. Their purpose is
to establish the height of the tape relative to the head. The lower flanges on the refer-
ence guides are lightly spring-loaded to maintain the tape against the upper edge of
the guides, known as the reference edge. The reference guides are shimmed to keep
the tape path perpendicular relative to the head, thereby minimizing tape skew.

Tape-In-Path Sensors

Two Tape-In-Path sensors are mounted to the base, one between the fixed guide and

the tension arm tape guide, the other between the tachometer and the take up refer-

ence guide. These infrared emitter/detectors sense the presence of tape and their out-
puts are used by the tape control circuitry to monitor the progress of load and unload
operations.

Write Enable Ring Sensor

The Write Enable Ring Sensor is used to detect both the presence of a reel on the sup-
ply hub and the presence of a write enable ring on the supply reel. If a reel is in place,
it will depress one of two reflective tabs which will then pass by the infrared emit-
ter/detector with each revolution of the supply hub. If a write enable ring is installed,
it will depress the second reflective tab which will then also be detected by the sensor,
enabling the tape drive’s write and erase circuitry. If the write enable ring is not in-
stalled, the write and erase circuitry is disabled.

Tape Cleaner

A sapphire blade tape cleaner mounted near the head cleans debris from the tape be-
fore it passes across the head.

General Description



2.3 Underside of Base

2.3.1

2.3.2

233

234

The base assembly is hinged at the rear and can be raised when needed to service the
drive. The base can be held in the service position by engaging a positive locking
mechanism located on the right side of the drive. Raising the base to the service posi-
tion allows access to the drive’s PCBAs, sensors, and motor components.

Reel Motors

The reel motors are attached to the underside of the base. Each winding of the three-
phase, delta-wound motors is switched between +70 volts and ground to provide the
driving force which turns the reels and moves the tape. By varying the drive signal to
each reel motor independently, the tape control circuitry can control the speed, direc-
tion, and tension of the tape.

A tachometer and a tension sensor provide feedback to the tape control circuitry. A mi-
croprocessor on the Motion PCBA continuously monitors the outputs of these sensors
and calculates drive signals to control the tape tension and velocity.

Blower Motor

The blower motor, sometimes referred to as the fan, is similar to the reel motors in de-
sign and control. During the load process, its speed is increased to provide additional
airflow for directing the tape through the tape path. After the tape is loaded, the blower
speed is reduced and provides cooling for the tape path area and the drive electronics.

Tension Sensor

The tension sensor provides the tape control circuitry with an indication of tape ten-
sion. The assembly consists of a tape guide and a slotted vane, or shutter, attached to
the opposite end of a spring-loaded, pivoting arm. As the tape tension increases, the
arm turns the vane, causing an infrared emitter/detector to generate pulses. These
pulses are used together with pulses from the tachometer to vary the drive signals to
the reel motors and thus maintain a constant tape tension across the head of ten
ounces. A second emitter/detector on the sensor assembly provides the tape control cir-
cuits with an arm position reference signal by detecting a notch in the vane.

Tachometer

The tachometer assembly provides the tape control circuitry with an indication of tape
position and direction. The assembly consists of a tape guide with a slotted disk at-
tached to one end, and an infrared emitter/detector. As the tape moves, it turns the
tape guide and the slotted disk, generating pulses which are monitored by the tape
control circuitry.

Also attached to the underside of the base are the Shutter PCBA, the Tachometer
PCBA, and three Hall PCBAs (one for each motor). The Shutter PCBA contains the
sensing circuitry for the Tension Sensor Assembly, the Tachometer PCBA contains
the sensing circuitry for the tachometer, and the Hall PCBAs contain three Hall sen-
sors each, which sense the alternating magnetic fields as the rotor magnets pass by. A
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Display PCBA, mounted behind the bezel assembly, contains the switch and display
electronics.

2.4 Chassis Components

2.4.1

24.2

500450 D

The bottom chassis is stamped aluminum with an aluminum back chassis attached to
the rear. Removable covers attached to the back chassis provide access to the inter-
face connectors on the PCBAs. The AC line fuse, AC power connector, and a small cool-
ing fan are also located on the back chassis. Two AC voltage configuration switches

are located under the rear top cover.

When the base is raised, the following major PCBAs are accessible:
+ Write Executive PCBA

+ Motion PCBA

* Read Formatter PCBA

« Power Supply PCBA

SCSI Adapter PCBA (34XXS only)

Figure 2-1 illustrates the relationships of the major subassemblies to one another.

Write Executive (WREX) PCBA

The WREX PCBA is attached to the rear of the chassis. It is a two-layer PCBA con-
taining a microprocessor and a digital signal processor. It provides the following functions:

+ Decodes host commands and formats write data from the host

» Generates write parity

» Gates write and erase head source current

» Generates read parity and sends read data and drive status to the host
« Reads the front panel buttons and generates front panel display signals
» Gives high level commands to the Motion PCBA for tape motion

« Gives high level commands to the Read Formatter PCBA

Motion PCBA

The Motion PCBA is attached to the underside of the base. It is a two-layer PCBA con-
taining a dedicated microcomputer and provides the following functions:

» Contains the power amplifiers for the reel motors and the blower motor
» Controls tape tension, motion and position by calculating motion control signals

» Switches write current through the write head windings

General Description
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Motion PCBA Sensor Feedback

Signals

Motor Control Signals

Base Assembly

Sensors Preamp
PCBA
Write and Erase Driver Signals
Display Data
Operator Input
Analog Read
Eac Signals
Encoded Write Data
Tape Feedback D i Spl ay
Motion Commands PCBA
(Serial port)
Decoded,
. Error-corrected
Write Read Data Read
SCSI PCBA Executive Formatter
PCBA Read Commands/Status PCBA
(Serial port)

SCSI Commands (Serial port)

Figure 2-1 34XX Series General Block Diagram

« Controls cooling

+ Passes display data from the WREX PCBA to the Display PCBA

Read Formatter PCBA

The Read Formatter PCBA is attached to the front part of the chassis and provides

the following main functions:

» Recovers data from the tape and converts it into a format which the computer

can use.

« Performs error detection and correction.

General Description
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SCSI Adapter PCBA

The SCSI Adapter PCBA is located above the Write Executive PCBA on models
34XXS only. The SCSI Adapter PCBA is connected to the industry standard interface
connectors at the rear of the Write Executive PCBA, and a variety of SCSI connector
configurations at the rear panel are available.

Power Supply PCBA

The Power Supply PCBA is attached to the chassis alongside the Read Formatter and
WREX PCBAs. It provides both regulated and unregulated DC voltages to the various
PCBAs and sensors in the drive.

General Description
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Data Formats

This chapter is included in the manual to provide the service technician with a basic
understanding of the PE and GCR recording formats, and with enough information to
understand the operation of the various write encoding and read recovery circuitry.
DPE (3200 cpi) operation is identical to PE (1600 cpi) operation, except that the tape
speed is reduced by exactly 50%, making the packing density on tape twice that of
PE. The interface data transfer rate during DPE and PE operation are the same.
NRZI operation is not discussed here.

Both PE and GCR data are recorded on nine tracks which are physically located on
tape according to ANSI standards. A track is the actual path along tape that a particu-
lar bit stream follows, referenced by its physical position relative to the reference edge
(the edge furthest from the base) of the tape. A channel (as seen by the host) refers to
the path along tape that a particular bit follows as referenced by its logical position in
the data byte. The relationship between tracks and channels is shown in Figure 3-1

on page 3-2.

The tracks are numbered consecutively, beginning at the reference edge with Track
No. 1, and are assigned as follows:

ANSITrack 1 2 3 4 5 6 7 8 9
Channel 5 7 3 P 2

Bit P is the parity bit. Channel 0 is considered the most significant bit for ASCII tape
formats.

The track width on tape is 0.043 inch minimum per track. The centerline distance be-
tween tracks is 0.055 inch nominal. The centerline of track 1 is 0.029 inch +£0.003 inch
from the reference edge (nearest the labeled side of the tape reel).

In both PE and GCR recording, a character is a group of nine bits (0-7 and parity) writ-
ten in parallel across the tape. The data is written by the recording head which polar-
izes the tape particles in one direction or another. A flux reversal (also called a flux
transition) is a change in the alignment of magnetically polarized oxide particles on
the surface of the tape.

3.1 Phase Encoded Data

3.1.1

500450 B

Character Definition

PE (Phase Encoded) is the most widely used format for recording data on tape. Its den-
sity is 1600 characters per inch (cpi), or 63 characters per millimeter. Bit values are
determined by the direction of a flux reversal on tape. A “one” data bit is defined as a
flux reversal with the same polarity as the IBG, when reading in the forward direction. A

Data Formats
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3.1.2

3.1.3

3.14

“zero” data bit is defined as a flux reversal with the opposite polarity of the IBG, when
reading in the forward direction.

Interphase Transitions

In PE, sequential bits of the same value must be separated by an additional flux rever-
sal called an interphase transition. Refer to Figure 3-1. The interphase transition al-
lows each bit to be represented by a flux reversal. If the interphase transitions were
not present, two ones would be written with the same direction of magnetization and
there would be no change on tape until the opposite bit value were written. This

would be impossible to read. Because of the addition of interphase transitions, the re-
cording efficiency of the PE format does not exceed 50%.

General PE Format

BIT PATTERN
1 0 0 1 1 0
l | 1 ! | | l
| | l l | | |
| | l l | \rerpHase | |
| | | | | TRANSITION | |
z | — |
/ l v | - | $ |
FLUX POLARITY OF | BT | f \/ | ‘
INTERBLOCK GAP | | CELL | DATABIT |
| TRANSITIONS |
' |

I |
| | I |

A "1" bit transition is in the direction of the erased tape polarity.
A "0" bit transition is in the opposite direction.

Figure 3-1 PE Data Bit Pattern

The general tape format for PE is shown in Figure 3-2 on page 3-3. The nominal char-
acter spacing, exclusive of interphase transitions, is 625 microinches. Data bits in a
character cannot be displaced (skewed) more than 625 microinches from any other
data bit in the same tape character, as measured perpendicular to the reference edge.

PE Block Layout

The data field of an ANSI-compatible block contains a minimum of 18 ASCII charac-
ters and a maximum of 2048 characters. Each data field is preceded by a preamble,
consisting of 40 characters of all zeros in all tracks, followed by a sync byte, consisting
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3.1.6
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TRACK CHANNEL <

<«

l l FORWARD TAPE MOTION RELATIVE TO HEAD
csorTas (Il 7t S T
REFERENCE 2 T I
EDGE 3 3 R I
IS T2 e HIIH
ID BURST ee 52 I eennnm
& I I
7O A LI
8 & NI I
o & IR I

—~SYNC BYTE  SYNC BYT
DENSITY 0,5,$: MIN.|— 40 'o"s—:} N L“’ "0"'$— InTERBLOCK

'2;21' I _ ] DATA FIELD — GAP g?,f:

17 NGH NI, NTIAL GAP PREAMBLE POSTAMBLE 0.6 INCH

3.0 INCH MIN.

Figure 3-2  PE Data Format

of one character of all ones. Each data field is followed immediately by another sync
byte, and then by a postamble consisting of 40 characters of all zeros.

The purpose of the preamble is to allow the read recovery circuits to recognize the
block and to prepare for the coming data field. The purpose of the sync byte is to in-
form the read recovery circuits that the preamble is finished and that the next byte
will be the first data byte. Notice that the postamble is a mirror image of the pream-
ble. During reverse read operations, the postamble and its sync byte serve the same
purpose as the preamble in forward read operations.

The PE format contains no error detection or correction characters.

PE IBG Length

The IBG (the erased portion of tape between blocks) length in PE is 0.6 inch nominal,
0.5 inch minimum, and 25 feet maximum.

PE ID Burst

PE tapes are identified by a recorded burst, known as the identification (ID) burst, in
the area of the BOT marker. The ID burst consists of flux reversals on track 4 (chan-
nel P) only, while the remaining tracks are DC erased. The ID burst begins a mini-
mum of 1.7 inches before the trailing edge of the BOT marker, and ends at least 0.5
inch before the first block.

An initial gap lies between the trailing edge of the BOT marker and the first recorded
character. The length of this initial gap is three inches minimum and 25 feet maximum.

Data Formats
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PE Filemark

A PE filemark consists of 64 to 256 flux reversals, recorded at 3200 flux reversals per
inch in tracks 2, 5, and 8. Tracks 3, 6 and 9 are DC erased. Tracks 1, 4, and 7 may be
erased, or they may be recorded the same as 2, 5 and 8 (as is the case with the Qual-
star tape drives).

3.2 GCR Data

3.2.1

3.2.2

3.23

3.24

3.2.5

Character Definition

The effective density of GCR (Group Code Recording) is 6250 cpi. The actual density in-
cluding overhead, is 9042 bytes per inch. The recording efficiency of GCR is 80%.

The bit values are determined like the NRZI recording method, with a flux reversal in-
dicating a “one” and the absence of a flux reversal indicating a “zero”. However, the
data is coded in the formatter prior to being written so that no more than two consecu-
tive zeros will ever occur on tape, regardless of the incoming data stream. The coding
also provides self-clocking, error detection, and error correction abilities.

ID Burst

GCR tapes are identified by a GCR ID burst in the area of the BOT marker. This
burst is in the PE frequency range on channel 1 (track 5), with the remaining tracks
DC erased. The ID burst begins 1.7 inches (43.18 mm) minimum before the trailing
edge of the BOT marker and continues past the trailing edge of the BOT marker.

ARA Burst

An Automatic Read Amplification (ARA) burst, consisting of an all ones pattern in all
tracks, immediately follows the ID burst, and is separated from the ID burst by a gap
of undefined length. Its purpose is to allow gains of the read amplifiers to be dynami-
cally adjusted for all tracks. A special ARA ID burst character follows the ARA burst,
and is used to identify the ARA burst when reading in reverse to BOT.

GCR Filemark

A filemark (also called tape mark) separates files and file labels on tape. It consists of
250 to 400 flux reversals, all ones in channels 7, 2, 6, 5, P, and 0, while channels 3, 1,
and 4 are DC erased.

GCR Block Layout
The GCR tape format is shown in Figure 3-3.

3.25.1  Subgroups

There are two types of subgroups in the GCR format—a control subgroup, and a data
subgroup. Each subgroup consists of five characters which are generated by the tape
drive and which are transparent to the host. The control subgroups are used to iden-
tify various GCR format items on the tape and to allow the read circuitry to properly
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PREAMBLE

TRACKS |
2
3
; TERM [SECOND| SYNC | SY SYNC | SYNC { MARK | DATA GROUP | DATA
6 1
7
;IOIOI orr s frivir tirir it joortt | ppbo  DDDE
b— 14 suBGROUPS ALL I'S :j v } ~J
be—————— PREAMBLE 16 SUBGROUPS /-— GROUP—=" SUBGROUP B
SUBGROUP A
RESYNC
DATA GROUP MAZRK SYNC | SYNC | MARK DATA
1
(P10 ftrndt Jrtits 100N
pe————RESYNC SURST—-—l
END DATA AND POSTAMBLE
DATA MEAPRDK RESIDUAL CRC MARK | SYNC SYNC | SYNC |SECOND| TERM
2
11V ILf HHHH  HHNE | BCCC CCXE [ 11100 |14 111 trerryrters pri10 10100

b A ~efo—B —ofa A B t 14 SUBGROUPS ALL 1'S —i l
16 SUBGROUPS POSTAMBLE

Legend:
D: Data characters C: CRC character
H: Pad or data character N: Auxiliary CRC character
X: Residual character L: Last character
E: ECC character B: CRC or pad character

Figure 3-3  GCR Data Format

detect and track the data fields. Although the 3410/3412 tape drive records all control
subgroups per ANSI specifications, not all of the control subgroups are required by
the read recovery circuits.

500450 B

Term Control Subgroup - identifies the first or last subgroup of a block. The
read recovery circuits ignore this subgroup. :

Second Control Subgroup - separates the Term subgroup from the Sync sub-
groups of each block. The read recovery circuits ignore this subgroup.

Sync Control Subgroups - exist to allow the read circuitry (PLLs) to synchro-
nize with and lock onto the incoming data stream. These are used by the PLL
circuits on the Read Channel PCBAs.

Markl Control Subgroup - alerts the read decoding circuitry that the follow-
ing bytes belong to a data subgroup. This is similar in function to the sync byte
in the PE format.

Data Subgroups - contain the actual data from the host (or from the tape).
Blocks are divided into Data Groups, the essential elements of group-code re-
cording.

Mark2 Subgroup - a mirror image of the Mark1 subgroup, has the same func-
tion as Mark1 in the reverse direction.

Data Formats



+ End Mark Control Subgroup - used to indicate the end of a series of com-
plete data groups, and the beginning of the Residual Group.

3.2.5.2 GCR Preamble

As in the PE format, each GCR data block is preceded by a preamble for synchroniza-
tion purposes. However, a GCR preamble consists of a Term subgroup, followed by a

Second subgroup, followed by fourteen Sync subgroups, rather than simply 40 charac-
ters of all zeros.

3.2.5.3 Data Groups

Following the preamble, an Mark]l subgroup indicates that data will follow. At other
locations on tape, this subgroup is used to differentiate data groups from control sub-
groups.

The GCR formatting circuitry takes write data from the host and groups it into two
different data subgroups as follows:

1. The GCR encoder accepts the first seven characters from the host.

2. The first four characters of this seven-character data group are encoded into
a five-byte data subgroup such that no more than two zeros will be written
consecutively on the tape. This is called Data Subgroup A.

3. The formatter then adds an error correction code (ECC) character to the end
of the remaining three characters and encodes them into a second five-byte
data subgroup as previously described. This subgroup is called Data Sub-
group B.

4. Subgroups A and B are then recorded on the tape as a data group, and the
process repeats until all the data from the host has been recorded.

5. After each 158 data groups (1106 bytes), a Resync Burst occurs to allow the
read recovery circuits to resynchronize to the data stream within the data
block. Each Resync Burst consists of a Mark2 subgroup, followed by two Sync
subgroups, followed by one Mark1 subgroup.

3.2.5.4 Residual Data Group

A Residual Data Group contains either the extra data characters remaining after the
division of blocks into Data Groups, or it contains padding characters to fill up the
group. It also contains an ACRC character and an ECC character which are used for
error detection.

3.2.5.5 GCR Check Characters
The GCR format contains three types of check characters:

« ACRC - An Auxiliary Cyclic Redundancy Check character is calculated by a
polynomial and exclusive-OR operation on the data, including parity.

* CRC - A Cyclic Redundancy Check character is a repeating character calcu-
lated similarly to the ACRC character.
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. ECC - An Error Check Character is generated by the Read/Formatter PCBA
and added to the end of data subgroup B before the 4-to-5 encoding takes place.

A CRC Group follows the Residual Data Group and contains CRC characters, a resid-
ual character and an ECC character. This group is present at the end of each block
and is used for error detection.

A Mark 2 group follows the CRC Group or Storage Groups and indicates that a Con-
trol Group (such as Sync) will follow. If a Mark 2 is at the end of the block, a postam-
ble will follow.

3.2.5.6 GCR Postamble

3.2.6

500450 B

The postamble is a mirror image of the preamble (with one exception) and is used as a
preamble when reading in reverse.

The exception is the last byte of the postamble Term subgroup. It is like the LRC char-
acter in the NRZI format, and occurs when the write drivers are all returned to their
default state. The direction of magnetism of this last character will always be the
same as the direction of magnetism of the IBG.

GCR IBG Length

In addition to preambles and postambles, an IBG of 0.3 inch (0.28 inch minimum, 15
feet maximum) follows each block.

Data Formats
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Motion and Power Supply PCBAS

4.1
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This chapter describes the electronic components which comprise the motion and
power supply circuitry of the 34XX Series tape drive. Enough detail is provided to en-
able a competent service technician to acquire a basic understanding of the interac-
tion of the Motion and Power Supply PCBAs with the remainder of the drive.

Three-digit schematic references consist of the schematic page number, followed by a
vertical edge reference letter and a horizontal edge reference number. An object lo-
cated at reference 4C3 can be found on sheet 4 at the junction of vertical reference C
and horizontal reference 30.

Descriptions of the following topics are included:
e Main motion control loop
» Motion PCBA (PN 500277-01-7, Schematic 500278)

» Power Supply PCBA (PN 500347-01-8, Schematic 500348)

Main Motion Control Loop

Tape motion control is accomplished by many components operating in a loop. The fol-
lowing paragraphs, along with Figure 4-2 on page 4-5, describe the major components
in the loop and how they interact.

The five command lines from the host (IREV, IWRT, IFMK, IEDIT, and IERASE) are
latched into the drive in a buffer by IGO on the Write Executive (WREX) PCBA. The
output of this buffer is sampled by the WREX microprocessor which then decodes the
command and generates the appropriate control signals to the rest of the drive. For
tape motion control, the microprocessor sends motion commands (i.e., FWD, REV,
REW) to the microprocessor on the Motion PCBA via an asynchronous comrmunication
line. A flip-flop, under microprocessor control, controls the IFBY signal back to the
host.

The Motion microprocessor receives the motion command from the WREX microproc-
essor and translates it into a sequence of motor current control signals which contain
both direction and magnitude information. These signals consists of a pair of 11-bit
words sent on a synchronous communication line to each of the motor drive control-
lers (Signetics 5570 chips). At the same time, the microprocessor enables the appropri-
ate controller to receive the current control signals.

Each 5570 chip converts its 11-bit word into three pairs of pulsewidth-modulated
switching signals which turn on power switching transistors connected to the motor
windings. The motors turn and move the tape, which in turn, moves the tachometer
and the tension arm.

The tachometer and tension arm sensor generate pulses which are monitored by
the Motion microprocessor. The Motion microprocessor recalculates the motor current
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control signals as necessary to maintain the required tape speed and tension. When
the tape is up to speed, the Motion microprocessor sends the SPEEDOK signal to the
WREX microprocessor.

4.2 Motion PCBA Description

The Motion PCBA contains the following circuits:

* Motion PCBA microcomputer

* Motor drive circuitry

* Dynamic feedback circuitry

« EOT/BOT circuitry

¢ On-board regulators

These circuits are described in the following paragraphs.

4.2.1

FAN PHASE 1/

TACHB/4

TUSP

SPSP
TACHB/ |—

MTR FUSE
MTR PWR
TEMP
Analog
T AN
TIP2
EOT ANA
BOT ANA
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LOAD SW
T&S PHASE 1
EOT/
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ARM INDEX
FWD

ARM
POSITION
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Motion PCBA Microcomputer
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Figure 4-1 Motion Board Microcomputer Block Diagram
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The Motion PCBA contains its own dedicated microcomputer consisting of a Motorola
68HC11 microprocessor (U8), a 32K EPROM (U10), an 8-bit data bus, and a 16-bit
address bus. The Motion microprocessor communicates via a data and address bus, a
synchronous serial bus, an asynchronous serial bus, an 8-input analog port, and vari-
ous timer input and output lines. Connected to the data bus are two input and two out-

put registers. Figure 4-1 on page 4-2 illustrates the major functional components of
the Motion PCBA microcomputer.

4.2.1.1  On-Board Memory

The Motion PCBA microprocessor contains a 256 byte RAM which is used as a scratch
pad memory.

42.1.2 PortA

Port A provides access to a number of timers inside the Motion microprocessor. TACH
B, TACHB/4, SPSP, and TUSP are inputs to the timers and act as timer interrupts.
DCSELO, DCSEL], and FPT are programmable outputs.

4.2.1.3 PortsBandC

16-bits of address information is carried on two ports. Port B carries the 8 most signifi-
cant bits of the address, and Port C carries the 8 least significant bits. Port C also dou-
bles as a bi-directional data bus. The microprocessor sets AS (Address Strobe) high
when using Port C as an address bus, and low when using it as a data bus. When

high, AS enables an 8-bit latch at U6 to convert the output of Port C into low order ad-
dress bits.

4214 PortD

Port D consists of a pair of asynchronous serial communication lines (RXD and TXD)
and a fully synchronous, serial, bi-directional communication bus. RXD and TXD (re-
ceive data and transmit data lines) are always enabled, and are used to communicate
with the WREX microprocessor at a rate of 125K baud.

MOSI (Master Out, Slave In) together with SCK (Serial Clock) provide a syﬁchronous
serial communication bus which is used to send information to the motor drive controllers.

4.2.1.5 PortE

The microprocessor has an internal, 8-bit A/D converter which it uses to measure ana-
log signals from the write ring sensor (FPT ANA), the tape-in-path sensors (TIP1 and
TIP2), and from the EOT/BOT sensor (EOT ANA and BOT ANA). These inputs to the
A/D converter are at Port E. The other three inputs at Port E are connected to the +70
volt line, the load side of the +70 volt fuse, and to a temperature sensor, allowing the

microprocessor to monitor the drive’s internal temperature and the +70 volt motor
supply on both sides of its fuse.

A precision voltage reference device fed by the +12 volt regulator provides an ex-
tremely accurate and stable +5.00 volt reference for the internal A/D converter.
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4-4

4.2.2

4.2.1.6 Internal Interval Timer

The timing reference for the microprocessor is an 8 MHz crystal oscillator. The micro-
processor divides the 8 MHz reference clock by 4, providing an internal 2 MHz clock
and an external 2 MHz clock (ECLK). The microprocessor uses ECLK to synchronize
various outside events with itself.

Inside the microprocessor, ECLK provides timing reference which enables the micro-
processor to calculate the time intervals between various events (such as SPSP, or
B/4). In this way, the microprocessor calculates reel speeds and tape speed, and pro-
vides timing windows during load and unload operations.

4.2.1.7  External Output Ports

In addition its own ports, the Motion microprocessor communicates with external cir-
cuitry by using two external output ports connected to its data bus. The microproces-
sor enables these ports using the signals WR0/ and WR1/ (WR = WRite), which are
actually decoded address bus lines. If, for example, the microprocessor wanted to acti-
vate the hub lock solenoid, it would activate bit 4 of the data bus, place the appropri-
ate address on the address bus, and then set the read/write control signal (R/W) low.
Address decoder U5 decodes the address and activates WR0/. WRO/ is connected to
the clock input of U19 and when low, latches the data bus at the input of U19 over to
its output lines. The output signal HUB LOCK then goes high, causing the solenoid
driver to draw current through the hub lock solenoid.

The process is similar when the Motion microprocessor wants to read information
from various parts of the drive. To read the position of the tension arm, for example,
the microprocessor first places the appropriate address on the address bus and then
sets R/W high. Address decoder U5 activates output RD1/ (RD = ReaD), which, in turn
latches the inputs of the tension arm counters into the tension position register at
U14. The outputs of U14 are connected to the data bus which the microprocessor then
reads.

Motor Drive Circuitry

The Motion PCBA contains switching circuitry and power amplifiers for the supply,
take up, and blower motors. The three circuits are identical with the exception of the
servo offset compensation network, which the blower motor does not use. The follow-
ing paragraphs describe the operation of the servos.

4.2.2.1 DC Motor

The 34XX tape drives use three-phase brushless DC motors. The motors are commu-
tated electronically, unlike brush-type motors which are commutated by mechanical
brushes. The motor windings (stator) are fixed in place on the base and a cup contain-
ing several magnets (rotor) rotates around the windings. The motor shaft is connected
to the rotor and to the supply hub, take up reel, or fan, depending upon the particular
motor.

A Hall PCBA containing three Hall sensors is mounted on the base next to each rotor.
The output of each Hall sensor switches whenever the polarity of the magnetic field
they are in switches. The three Hall sensors sense the rotation angle of the rotor,
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Figure 4-2  Motor Control Block Diagram

which the motor controller uses to determine which of the three motor phases to drive.
The blower motor is identical to the supply and take up motors but is thinner since it
requires less power.

4.2.2.2 Motor Controller

The NE5570 motor controller chip is a complex device which incorporates many func-
tions. The chip consists of a data register, a nine-bit DAC, decoding logic, a sawtooth
generator, a current sensing circuit, and a current sense comparator. The device con-
trols the current in the motor, and commutates the motor so the appropriate motor
phase is selected for any given motor shaft position.

The current control operates in the switch-mode, turning the power transistors on and
off very rapidly. It relies on the inductance of the motor to smooth out the current so
there is effectively constant current flowing through the windings. The current control
looks at the voltage drop across the current sense resistors and adjusts the amount of
time the power transistors are turned on.

It is important to understand that the current through the motor windings is nearly

constant, even though the power transistors are turning on and off. When the transis-
tors are off, the current in the winding flows through the catch diodes. Two amplifiers
and a comparator inside the device perform the task of converting the voltages across
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the sense resistors to a signal which represents the current. These amplifiers control
the on/off time of the power transistors to obtain the desired winding current.

As the rotor turns, the motor controller looks at the Hall sensor outputs and selects
different motor phases to drive. There are six steps in the commutation cycle and four
cycles per revolution, giving 24 commutations per revolution.

4.2.2.3 Main Drive Signal

All of the preceding takes place inside the NE5570 motor controllers and their sup-
porting circuitry. The Motion microprocessor (68HC11) calculates the current re-
quired for each motor and sends this information to the motion controllers using a
synchronous serial link. This link operates by encoding the command information into
a serial stream of data using the MOSI line (Master Out/Slave In), and clocking each
bit into the motor controllers one at a time using a serial clock signal (SCK).

MOSI and SCK are generated by hardware inside the 68HC11 microprocessor. Each
motor controller is sent a new command exactly 250 times every second when tape is
tensioned. When the tape is not tensioned, this rate varies depending upon the cur-
rent conditions. Because MOSI and SCK go to all three motor controllers, the signals
TU_COM/, SP_COM/ and FAN_COM/ are used to select which motor controller is be-
ing addressed.

The following commands are used to control the motors:

1. A DIRECTION/CURRENT command which contains a start bit, a direction
bit, and 8 bits of torque (acceleration) information. This command automat-
ically loads into a register;

2. A RUN command which causes the chip to process the DIRECTION/CUR-
RENT information in the register (eventually turning the motor);

3. A BRAKE command which causes the motor to stop quickly by shorting the
windings;

4. A LOCK command which will hold the stopped motor at fixed position with
torque applied (detent);

5. A DISABLE command which removes all drive current from the motor.

4.2.2.4 Power Amplifier

The outputs of U70 are connected to the power amplifiers which in turn are connected
to the stator windings in a push-pull configuration. Due to the delta-wound configura-
tion, only two motor terminals are active at any given time. Current passes through
the connected stator winding, causing the magnetic rotor to line up with one of that
stator’s poles, and turn the shaft. At the same time, the change in rotor position is de-
tected by the Hall sensors and is fed back to U70. To make the rotor turn, the follow-
ing (simplified) sequence occurs:

The switching logic in U70 sends a pulse to Q26 and Q31, momentarily switching
them on. (The width of the pulse, and hence, the time current is actually applied to
the winding, is a function of the command information from the microprocessor.)
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Current flows from ground through a 0.1 chm resistor (R110), through Q26 to motor
terminal E5, through a one of the windings to terminal E4, and through Q31 to the
+70 rail supply rail. The rotor begins to turn, and U70 turns Q26 and Q31 off. The
magnetic field surrounding the rotor winding begins to collapse, generating a large po-
tential which causes current to flow back into the power supply through R109 and di-
odes D13 and D14. U70 turns Q26 and Q31 on again, the process repeats, and the
rotor moves away from one Hall detector and towards the next.

The signal from the next Hall sensor signal is fed back to U70 which in turn activates
another transistor pair, for example, Q26 and Q27. Motor current flows now flows
through Q26 to motor terminal E5, through a different winding to terminal E6, and
through Q27 to the +70 volt supply. The rotor continues to turn and the next Hall sen-
sor generates a signal which is also fed back to U70. In this manner, by controlling
which transistor pair is turned on and by controlling the length of time the pair is
turned on, U70 controls the current applied to the motor and hence its direction and
torque.

4.2.2.5 Amplifier Stabilization

Due to internal tolerances within the motor controller chips, small unwanted offsets
may appear at the outputs. To compensate for this, R109 and R110 (in the take up
loop) are used to pass motor currents and develop proportional voltages which are
used as motor current feedback signals by the motor controller. To attain a “zero out
for zero in” condition, a voltage divider consisting of R259 and R260 is used to inject a
known positive offset into the current loop large enough to insure the microprocessor
can compensate for any internal offset the motor controller may have. During motion
calibration, the Motion microprocessor measures this offset and subsequently compen-
sates for it. This compensation is not used in the fan motor servo.

Each motor controller also contains a sawtooth generator, whose frequency is deter-
mined by a voltage (R138 and C88 for the take up loop). The sawtooth output is con-
nected to the oscillator inputs of the other two motor controller chips to synchronize
their operation and to guarantee that power amplifier switching in the three servos oc-
curs simultaneously, thus minimizing any audible noise which may occur as a result
of two or more motors beating together.

Dynamic Feedback

4.2.3.1 Tape Tension Feedback

A spring-loaded tension arm is used as a sensor to maintain a constant tape tension
across the heads. The arm pivots at one end, and the tape passes around a roller
which is attached to the other end. The arm is held against a stop by a spring which is
anchored to the base. When the tape tension increases, the arm overcomes the spring
tension and moves towards the head; when the tape tension decreases, the spring re-
turns the arm towards the resting position.

Beneath the roller is a slotted disk which is called a shutter. When the arm moves,
the shutter moves with it, and slots in outer edge of the disk move past an infrared
sensor.
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An infrared emitter/detector assembly, or sensor, is positioned such that the shutter
passes between the emitter and the detector. When the shutter moves, the sensor
detects the passing of the slots and generates the signals ARM A and ARM B. These
signals are TTL levels and are in quadrature, or about 90 degrees out of phase with
each other. ARM A will either lead or lag ARM B, depending upon the direction of
arm movement. A second sensor detects a notch cut into the outside perimeter of the
shutter and generates the signal ARM INDEX. ARM INDEX will transition each time
the tension arm crosses the midpoint of its travel. When the spring tension is properly
adjusted, ARM INDEX will occur at nominal tape tension.

ARM A, ARM B and ARM INDEX are fed to a shutter encoder interface on the Motion
PCBA. This circuit consists of two up-down counters (U15 and U20) and some gating
logic. Whenever the tension arm passes through the midpoint of its travel, ARM IN-
DEX resets the counters to zero via U22-8. ARM A and ARM B are gated such that
when the tension arm moves from the midpoint of its travel towards the head (i.e., the
tape tension increases), the counters count up, and when the arm moves from the
head towards the midpoint of its travel, the counters count down. U22-6 provides the
pulses, while U22-11 tells the counters to count up or down, depending upon the direc-

tion of the tension arm and the consequent phase relationship between ARM B and
ARM B.

The value of the counters at any given time represents the position of the tension arm
relative to its midpoint, and hence the tape tension. This value is periodically polled
by the microprocessor via U14. The greater the value, the further from midpoint the ten-
sion arm is. ARM INDEX tells the microprocessor, via U13, which side of mid-position
the tension arm is at any given time.

4.2.3.2 Tape Speed Feedback

4.2.4

As the tape moves, it turns a roller which is attached to a slotted disk. An infrared
emitter/sensor detects the slots in the disk and generates two signals, TACH A and
TACH B. Like ARM A and ARM B, they are out of phase with each other and depend-
ing upon which direction the tach roller is turning, TACH A will either lead or lag
TACH B. TACH A and B are fed to the Motion PCBA microprocessor’s internal timer,
which calculates the tape speed by measuring the time between consecutive pulses.

In addition, the states of TACH A and TACH B are compared in D-flop U3 to deter-
mine the direction of tape motion. The Q output (FWD) of U3 will be high when the
tape is moving from the supply reel to the take up reel (i.e., forward), and will be low
when the tape is moving in reverse. The microprocessor periodically samples the state
of FWD via register U13.

4.2.3.3 Tape Position Feedback

The tape position is determined by incrementing or decrementing a counter when
TACH B occurs, depending upon the direction of tape travel.

EOT/BOT Signal Conditioning

The Motion microprocessor can adjust the sensitivity of the EOT/BOT sensors by con-
trolling the amount of current fed to the sensor emitters. This allows it to continually
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compensate for component aging. The microprocessor does this by first loading a value
into register U20. The outputs of U20 are connected to two resistor networks which
are configured as a pair of DACs. The outputs of these DACS (AOUTO0 and AOUT1)
are fed to amplifier U24 which fixes the current through the EOT and BOT infrared
emitters.

When light is reflected from blank tape, the EOT and BOT sensors generate EOT

ANA and BOT ANA. These analog signals are fed directly to Port E of the Motion mi-
croprocessor. If the signal amplitudes are incorrect, the microprocessor increases or de-
creases the emitter current as necessary, by loading new values into U20. This
adjustment is automatic and occurs each time a new tape is loaded.

The EOT ANA and BOT ANA signals are also digitized by comparator U18, then sent
to the Write Executive PCBA via line driver U2, where they become the interface sig-
nals IEOT and ILDP.

On-Board Regulators

The Motion PCBA contains its own +5 volt and a +12 volt power regulators. The +5
volt regulator (U26) is fed by the +12 volt regulator and provides Vcc for the Motion
PCBA. The +12 volt regulator (U25) is fed by the +24 volt supply from the Power Sup-
ply PCBA and provides power for the sensor emitters and for various reference volt-
ages on the Motion PCBA. These regulators are protected against overvoltage by VR3
and VR4.

A regulator consisting of Q19, Q21, VR2 and D11 is connected to the +70 volt supply
lines, which are also connected to the motors. In the event of a power outage, the +24
volt supply from the Power supply board will drop out immediately, disabling the
regulators on the Motion PCBA. In order to maintain power on the Motion PCBA long
enough for the microprocessor to bring the reel motors to a controlled stop and to pre-
vent tape damage, this circuit uses the energy stored in the motor to supply the +5
and +12 the Motion PCBA regulators as follows:

1. When the power fails, the +70 volt supply begins to drop and normally would
be to low to allow any control of the motors, resulting in tape spillage. To pre-
vent this, the microprocessor (which detects the power outage within one or
two milliseconds) begins a motor stopping sequence which returns energy to
the power supply.

2. The decelerating motors become generators, converting their stored kinetic
energy into electrical energy which bolsters up the +70 volt supply and allows
the motors to be stopped in a controlled manner.

3. When the +24 volt line from the Power Supply PCBA drops below +19 volts,
D11 and Q21 conduct as determined by VR2, an 18 volt Zener diode. Q21 will
then turn on and regulate the back EMF from the coasting motors to around
+16 volts. This provides a current supply to the +5 and +12 volt regulators on
the Motion PCBA long enough to bring the reel motors to a controlled and
complete stop without stretching or otherwise damaging the tape.

Motion and Power Supply PCBAS



4-10

4.2.6

Miscellaneous Microprocessor Functions

4.2.6.1 Temperature Control

Two cooling fans work together in the tape drive to keep the internal temperature
comfortable for the tape and the electronics.

One fan is mounted on the back panel, and its job is to pull hot air out of the tape
drive. Room temperature air enters through a grill in the front of the drive, and
passes over the circuit boards before being exhausted out the rear. This fan always
runs at the same speed.

The other fan is mounted internally in the casting. This fan is called “the blower” be-
cause it blows air across the heat sinks and other hot spots to keep those specific ar-
eas cool. The blower also provides air for threading the tape during loading. The
blower is controlled by the Motion microprocessor, which constantly adjusts the
blower speed in response to the heat load on the heat sinks. For example, shuttling
tape, or constant starting and stopping of the tape will cause the heat sinks to get hot-
ter. The Motion microprocessor can anticipate this and will increase the cooling by in-
creasing the blower speed to prevent the heat sinks from heating up. This is why you
may hear the blower speed up slightly if the drive is starting and stopping the tape
often.

A temperature sensor near the center of the Motion PCBA tells the Motion microproc-
essor the drive’s internal air temperature. If the temperature gets too high, the micro-
processor speeds up the blower to inrease the cooling. If the temperature rises beyond
a specific point, the Motion microprocessor will notify the Executive microprocessor
that a “thermal emergency” exists. The Executive microprocessor responds by first fin-
ishing the current read or write operation and displaying a special message on the
front panel. It then allows the Motion microprocessor to turn off the main power sup-
ply, thus eliminating most of the heat sources in the drive. The drive remains in this
state until it cools down and the power is turned off.

A thermal emergency will not occur unless the cooling system is severely blocked or A
the drive is operated in an extremely warm environment. This mechanism is designed
to protect both the tape and the tape drive.

If the cooling fan in the rear should fail, the drive will continue to function normally,
but the blower speed will be increased to compensate for the loss of air flow. If, how-
ever, the blower fails, the situation is treated as a thermal emergency, and the follow-
ing shutdown process occurs:

1. The Motion microprocessor sends a message to the WREX microprocessor
(via the asynchronous serial bus) providing enough advance warning to allow
an orderly completion of the current read or write operation.

2. The Motion microprocessor generates a shutdown signal at U19. This signal
goes to the +5 volt regulator on the Power Supply PCBA and when high, will
shut down the regulator.
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3. The display backlighting will go out and an appropriate message will be dis-
played. The regulator will remain shut down until the power turned off and
back on again.

4.2.6.2 File Protect

The Motion microprocessor detects the presence of a write protect ring in the supply
reel by monitoring the output of the Write Ring sensor. The sensor output is con-
nected to one of the microprocessor’s analog inputs. When a write ring is not installed,
the microprocessor generates the signal FPT. This signal is used by other circuitry to
disable write and erase current, and to activate an interface line (IFPT) which tells
the host that the drive is write protected.

4.2.6.3 SPEEDOK and ACTIVITY

Before reading or recording can begin, the tape must be up to speed. When the tape
has reached operating speed and is properly positioned at the read/write head, the Mo-
tion microprocessor generates SPEEDOK at U19. SPEEDOK is sent to the Write Ex-
ecutive PCBA to tell where the WREX microprocessor uses it to determine when to
start reading or writing.

When the Motion microprocessor begins to move the tape, it generates a signal called
ACTIVITY at U19. This signal is set to the Display PCBA where it switches on the
BUSY indicator on the Display PCBA. After the microprocessor has stopped the tape,
it clears the ACTIVITY signal and the BUSY indicator is extinguished.

Motion PCBA Testpoints

The following paragraphs list the testpoints which are available on the Motion PCBA
along with a brief description of the signals found on them.

ARMA, ARMB - These are digital signals which originate at the Tension Sensor. As
long as the tension arm is moving through its arc of travel, these signals will alternate
between high and low. ARMA and ARMB are in quadrature, or phase shifted with
respect to each other, such that as the arm moves towards the head, ARMA will lead
ARMB. ARMA and ARMB are used to determine the current position of the tension
arm.

DS1 POWER - This is an LED which is between the +5v line and ground. If the +5
volt regulator is not operational, DS1 POWER will be off.

INDEX - INDEX is a DC level which goes high as the Tension Arm moves towards
the head. The high transition is used to reset the tension up/down counters to zero
when the tension arm is at its mid-position.

TACHA, TACHB - These are digital signals which originate at the Tachometer. As
long as the tape is turning the tachometer roller, these signals will alternate between
high and low. TACHA and TACHB are phase shifted with respect to each other, such
that as the tape moves forward, TACHA leads TACHB. TACHA and TACHB are used
to determine tape position and direction.
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WRY/ - This is a pulse which occurs when the microprocessor is in the bus write mode.
In the write mode, the microprocessor data bus carries information to the various out-
put ports. The term write mode as used here refers to read and write activity by the
microprocessor and is not connected with reading or writing on the tape.

WRGND - This is a ground testpoint which should be used for ground reference when
monitoring the write amplifier signals.

Motion PCBA Jumpers

W1, W2 - These jumpers are not used in the current revision of the Motion PCBA.

W3 - When installed, W3 applies a ground to the microprocessor reset pin which will
reset the microprocessor. W3 is used during automated board testing only and is nor-
mally not installed.

W4 - W4 is used during automated PCBA testing only and is normally not installed.

4.3 Power Supply PCBA

4-12

4.3.1

4.3.2

The Power Supply PCBA is located on the right side of the chassis and supplies both
regulated and unregulated power to the drive electronics. There are no adjustments
on the PCBA. A functional drawing of the Power Supply PCBA is shown in Figure 4-3.

+70 Volt Unregulated Supply

The +70 volt supply consists of a pair of diodes (D7 and D7) connected as a full wave
rectifier, and a filter network. The rectifier is fed by a dedicated, center-tapped secon-
dary winding of the transformer. The +70 volts supplies the power to the reel and
blower motor amplifiers on the Motion PCBA.

+5 Volt Switching Regulator

The majority of the circuitry on the Power Supply PCBA consists of the +5 volt switch-
ing regulator whose output is fed to all boards except the Motion PCBA. The +5 volt
supply consists of a pair of diodes connected as a full wave rectifier, a filter network, a
regulator IC, a current monitor, and a reference voltage source.

A dedicated, center-tapped secondary winding of the transformer provides +24 volts to
rectifier diodes D4 and D5. The +24 volts is filtered and applied to a pair of power
transistors (Q2 and Q3) which are connected in parallel with each other and feed in-
ductor L1. A voltage divider network connected across the regulator output provides a
reference voltage to regulator U4 which, in turn, controls the series regulator power
transistors. The output of the divider network is determined by switch settings and is
set up at the factory. No further adjustment is required.

Additional circuitry provides overcurrent protection for the regulator and overvoltage
protection for the +5 volt circuitry in the drive. Overcurrent protection is done by sam-
pling the current flow through the series power transistors; overvoltage protection is
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Figure 4-3  Power Supply Block Diagram

accomplished by using SCR Q6 to blow the 10 amp fuse (F2) if the output véltage rises
too high.

In addition to the overcurrent and overvoltage protection, a SHUTDOWN signal to
the regulator shuts down the +5 volt regulator by simulating an overcurrent condi-
tion. The SHUTDOWN input is activated by the Motion microprocessor when the in-
ternal drive temperature is too high.

22 Volt Unregulated Supply

A full wave bridge rectifier (BR1) supplies +22 volts to the Motion and Write Execu-
tive PCBAs. In addition, BR1 supplies a +15 volt regulator IC and a -15 volt regulator
IC. The £15 volts are used by the Read Formatter board, the Write/Executive PCBA,
and the SCSI-2 Interface PCBA.
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4.3.4 10 Volt Unregulated Supplies

A third winding from the transformer feeds a pair of half wave rectifiers (diodes D2
and D3), providing a filtered, unregulated £10 volts to the Read Formatter PCBA.
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5.1.1

This chapter describes the Write/Executive (WREX) PCBA in enough detail to provide
the service technician with a basic understanding of how it functions and interacts
with the rest of the tape drive.

Three-digit schematic references consist of the schematic page number, followed by a
vertical edge reference letter and a horizontal edge reference number. For example,
an object located at reference 4C3 can be found on sheet 4 near the junction of vertical
reference C and horizontal reference 3.

The WREX PCBA (PN 500367-01-0, Schematic 500368) has the following functions:
» Receive data and commands from the host.

+ Process the commands and format the data into one of the four popular tape
formats.

« Write the data on the tape.
» Control tape motion.

« Communicate with the other PCBAs and with the user and the host via the
front panel and the interface.

» Oversee all operations and monitor internal tape drive conditions.

WREX Microcomputer

The main control unit on the WREX PCBA is a 68HC11 microcomputer (U43) consist-
ing of a processor unit, an address and data bus, a 256K EPROM, an address decoder,
and several input and output registers. This microcomputer oversees the operation of
the entire drive by monitoring the interface and the front panel and communicating
with the other microcomputers on the WREX, Motion, and Read Formatter PCBAs,
and with the Display PCBA.

Microprocessor

The WREX microprocessor is a Motorola 68HC11 series running at SMHz as deter-
mined by crystal Y1. External communications are organized into a series of five /O
ports, labeled PAX through PEX.

Port A provides access to a free-running timer inside the microprocessor. Only a por-
tion of Port A on the WREX microprocessor is used. PA1 contains the LAST/ (Last
Word) signal from the write formatter which notifies the WREX microprocessor that
the last data byte is being processed. PA2 contains the DAVAIL (Data Available) sig-
nal from the read formatter; when DAVAIL is high, data is being read; DAVAIL going
low tells the WREX microprocessor that the end of a block has been reached. TACHB,
a signal derived from the tachometer, feeds PAT7 and is used by the microprocessor to
keep track of current tape position.
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The 16-bit address bus is contained partly on Port B and partly on Port C. Port B is an
output port for the eight most significant bits of the 16-bit address bus. The eight

least significant bits of the address are multiplexed with data on the eight-bit, bi-direc-
tional data bus at Port C. To tell external circuitry whether address or data informa-
tion is on the data bus, the microprocessor sets AS (Address Strobe) high when using
the data bus to carry address information, and low when using the data bus to carry
data. When high, AS enables an eight-bit latch at U18 to convert the data bus inputs
into low order address bits.

Port C is a bi-directional eight-bit data bus and is the main artery of information flow
throughout the WREX microcomputer. It is connected to a series of registers called in-
put ports and output ports, and also to a 256K EPROM which holds the operating
firmware.

Port D contains two asynchronous serial communication lines (RXD and TXD) and a
fully synchronous, serial, bi-directional communication bus. RXD and TXD (receive
data and transmit data lines) are always enabled, and are used to communicate with
the microprocessors on the Motion and SCSI PCBAs at a rate of 125 KBaud. MISO,
MOSI, SCK, and SSI lines form a bi-directional serial peripheral interface which commu-
nicates with the Write and Read Formatter digital signal processors (DSPs).

Port E consists of eight lines connected to an internal A/D converter with eight bits of
resolution. The microprocessor uses it to measure analog signals representing various
internal conditions and is described elsewhere in this section.

Address Decoding and Port Enabling

The microprocessor address bus (A0 through A15) is connected to a 256K EPROM at
U19, and to address decoders U28 and U29. To read from and write to the various in-
put and output registers, the microprocessor uses decoded addresses and a signal
called R\W/. To read the contents of an input register, the microprocessor se<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>