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INTRODUCTION

This manual is part of a set which covers the Ampex HBR-3000i high-bit-rate digital recorder/
reproducer system with error-correction code (ECC). Incorporated in the same volume with this manual are
manuals on tape-transport adjustment, signal-electronics adjustment, and tape-transport maintenance. In a
separate volume are contained separate manuals on the elements of the signal electronics, including the printed
wiring board assemblies (PWBA's) and the bays and housings that house them.

This manual includes installation, operation, and maintenance instructions for the system, plus
descriptions of the system, and instructions on how to set up the signal electronics for different signal-handling
configurations.

ix/x
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SECTION 1
EQUIPMENT IDENTIFICATION

1-1. GENERAL

The Ampex HBR-3000i is a magnetic tape recorder/reproducer system for the storage and retrieval
of high-bit-rate digital data, featuring a relatively low-overhead error correction system for optimum bit-error rate
(BER). In applications where maximum data storage is required, the error correction function can be disabled,
thus lowering system overhead by eliminating parity channels. Both 28- and 14-channel versions of the system
are standard. See figures 1-1 and 1-2. A large variety of standard and custom signal system configurations are
available for either parallel or serial data input at a wide range of data rates. Refer to tables 1-1 (standard
equipment) and 1-2 (custom equipment, if applicable) for the configuration of your system. The signal-system
configuration is to a considerable extent determined by programming that can be readily changed. Refer to
section 8 of this manual for details.

Serial data can be distributed onto multiple channels (through serial-to-parallel conversion) and
reassembled for serial output during playback. The number of serial streams that can be accommodated is de-
termined by the rate of the serial data and the number of tracks available for the divided-down parallel streams, as
related to the maximum per-channel rate of the recorder, and the selected bit-packing density. Depending on the
input formatter (serial-to-parallel converter) used, a single stream of serial data as high as 30 Mb/s can be
accommodated, on either a 14-track or 28-track recorder, or a 6-bit serial word of as high as 20 Mw/s can be
recorded on a 28-channel recorder.

Parallel channels can be recorded without division, within the per-channel data rate of the recorder.
(A word-serial system requires a minor, plug-change reconfiguration to operate as a parallel system. For a bit-
serial system, parallel operation is switch-selectable. Up to 13 such channels without error-correction, or
12 channels with can be accepted by a 14-channel recorder, and up to 26 without or 24 with by a 28-channel
recorder.

» Through the use of an optional ECL input/output formatter bay, a serial stream of up to 100 mega-
bits per second (Mb/s) can be recorded and reproduced.

Refer to section 4 of this manual for system descriptions.
1-2. PHYSICAL CONFIGURATIONS

Systems are supplied in one or two rack cabinets, as required. A 14 channel system is normally
housed in one cabinet, and a 28-channel system in two. (See figures 1-1 and 1-2.) All cabinets are nominally
70 inches high, 23 inches wide, and 31 inches deep.They can be mounted on dollies (optional) designed to
allow the cabinet and dolly to pass through a standard 80-inch-high doorway.

1-3. SYSTEM COMPONENTS
An HBR-3000i system is made up of a tape transport (which includes a rack cabinet), a mode-select

bay (MSB), and signal electronics contained in bays and housings, as described in paragraph 1-6, below. (See
figures 1-3 through 1-6.) '
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Table 1-1. HBR-3000i Standard System Configuration for

Sales Order

[0 Custom (If checked, see table 1-2 for custom features)
Signal Format (standard)
O Parallel: ______ channels
O Word serial: -bit word(s), each =+ to tracks
0O Bit serial: stream(s) + to tracks (each)
Density/Rate/Speed
Packing density kb/in.
Data rate Mb/s
Tape speed IPS
Auxiliary Tracks
BAY A o 1 o 2 o 3 a 4
O Analog 0O Digital
BAY B o 1 a 2 o 3 O 4
O Analog 0O Digital
Error Correction
O ECC
O No ECC
1-4. Tape Transport

The tape transport is the HBR-3000i laboratory instrumentation tape transport, configured to
handle 1-inch-wide magnetic tape on precision reels up to 16 inches in diameter. The record/reproduce tape-
speed range is from 150 to 1-7/8 inches per second (IPS) (electronics limit 64:1 or 1:64 speed ratio), forward or
reverse. Fast modes, both forward and reverse, move the tape at 240 IPS.

The transport provides servo control of the tape reels and the capstan. The capstan servo is con-
trolled by a data-clock, and is continuously variable. This means that tape speed is data-rate controlled to produce
constant packing density on the tape. The tape speed switches on the transport control panel are selectors for
certain elements in the signal electronics. The indicated tape speeds on the control panel are only nominal, being
set to the placarded speed nearest the actual tape speed. (If the actual tape speed is midway between two pla-
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Table 1-2. Custom Features of the HBR-3000i on

Sales Order
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Figure 1-3. HBR-3000i Principal Assemblies
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carded speeds, the next higher setting is usually used.) The transport employs air-bearing tape guides near the
heads, and a vacuum chamber as part of the tension-control system. Details on the transport are given in this
manual (section 3, operation, section 4, system description),in the tape transport adjustment manual, and in the
tape transport maintenance manual.

1-5. ‘Mode Select Bay (MSB)

The MSB is mounted either directly below the transport, or in the adjacent rack at a height con-
venient for operation of the controls. Mode selection includes operating, test, and monitor functions. Built-in test
equipment (BITE) provides a frequency synthesizer, a test word generator, and an error detector and display.
Further details of the MSB are contained in this manual (section 3, operation), in the signal electronics adjustment
manual, and in the signal electronics maintenance manual.

1-6. Signal Electronics

The signal electronics of the HBR-3000i are contained in three types of bays and three types of
housings:

a. One or two digital process bay(s) (DPB's)

b. A headdriver housing |

c.  Two types of preamplifier housings (one is part of the associated reproduce head assembly)
d. One or two reproduce bay(s) (REP bays)

e. One or two bit-sync/decoder bay(s) (BSB's)

In 28-channel systems, two bays of each type are used. They differ slightly in configuration, one
being designated an “A” bay and the other a “B” bay. One bay of each type (in the “A” configuration) is used in
14-channel systems. The same number of the housings is used in all systems: two preamplifier number 1
housings, one each preamplifier number 2 and headdriver housings.

1-7. Digital Process Bay. The DPB contains record-signal printed wiring board assemblies
(PWBA's) that accept incoming NRZ-L data and clock and process them for recording on tape in M2 code, in
analog form. These electronics also process the clock for controlling the capstan speed. The bay also contains
reproduce-signal PWBA's that process the data from tape for output in its original (NRZ-L) form.

In addition, record and reproduce processing for both deskewing and error correction take place in
this bay.

1-8. Headdriver Housing. The headdriver housing contains headdriver PWBA's that amplify analog
signals representing the digital data to a level to drive the magnetic record heads. The headdriver housing is
located in an opening in the transport adjacent to the head assemblies.

1-9. Preamplifier Housings. The preamplifier housings house preamplifier no.1 and preamplifier
no.2 PWBA’s which are portions of the same preamplifier circuit. The preamplifier no.1 circuits are mounted on
the associated head assembly itself in order to minimize noise pickup. Their outputs are connected to the pre-
amplifier no. 2 circuits in their housing which is mounted just below the headdriver housing.
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1-10. Reproduce Bay. The outputs of the preamplifiers are coupled to the REP bay. In this bay, direct
reproduce amplifiers amplify and equalize the reproduced analog signals to compensate for the low level, phase
and frequency response which are inherent in magnetic tape reproducing.

1-11. Bit-Sync/Decoder Bay. The BSB houses bit-sync/decoder PWBA's (bit-sync’s), and a master
control PWBA. The bit-sync's receive the analog signal from the reproduce amplifiers, return them to digital
format, decode the M2 back to NRZ-L and reconstruct a clock precisely related to the data in each track. The
outputs of the bit-sync's are sent to the DPB for deskewing, error correction, and parallel-to-serial conversion, if
required. The master control PWBA controls the frequencies of voltage-controlled oscillators on the bit-syncs.

1-12. OPTIONS
Following are brief descriptions of a few of the optional accessories for the HBR-3000i.
1-13. Serial Data Converter Bay

With the use of an optional serial-data converter bay (ECL logic). a serial data stream as high as
100 Mb/s can be recorded and reproduced on a 28-channel system, or a 50 Mb/s stream on a 14-channel
system.

1-14. Sequential Recording

Two recorders can be connected for sequential operation by the addition of one optional sequential
cable. In this arrangement, when the first machine nears the end of a reel of tape in record mode, it automatically
starts the second machine in record mode. An overlap of data is recorded until the first machine reaches the end of
tape. If the first machine is reloaded while the second is recording, etc., recording can be continuous for any
length of time.

1-15. Other Optional Accessories

Other standard optional accessories include remote controls (with and without a footage counter),
computer interfaces (including an IEEE-488 bus interface and TTL level interfaces), voice monitors, etc. Consult
the accessories manual, or your Ampex representative for details.

1-16. RELATED MANUALS

Included in this volume, in addition to this system manual, are adjustment manuals for the tape
transport and the signal electronics, and a tape transport maintenance manual. Contained in a separate volume
are a set of individual manuals on the signal electronics assemblies, including the bays that house them. Also
included in the manual set is an accessories manual, in its own binder, covering the available accessories for the
HBR-3000i.
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SECTION 2
INSTALLATION

2-1. GENERAL

This section contains installation information including unpacking requirements, siting require-
ments, physical and electrical characteristics, and connector and cabling information.

2-2. UNPACKING REQUIREMENTS
Ampex recorder/reproducers are prepared for shipment using various packing and packaging

methods. The method selected for a given shipment depends on the mode of transportation, destination, and
contractual requirements.

WARNING

RACK-MOUNTED RECORDER/REPRODUCERS WITH
TAPE TRANSPORTS INSTALLED HIGH IN THE RACK
ARE VERY TOP-HEAVY. TO PREVENT INJURY TO PER-
SONNEL, OR DAMAGE TO THE EQUIPMENT, EXER-
CISE EXTREME CARE DURING UNPACKING AND
HANDLING. AVOID TIPPING RACKS. DO NOT EXTEND
THE TRANSPORT OR OTHER ASSEMBLIES UNTIL THE
RACK IS BOLTED DOWN OR SECURED TO AN AP-
PROVED DOLLY.

Magnetic tape recorder/reproducers are precision instruments, and adequate care must be em-
ployed during unpacking and handling to ensure proper operation of the equipment and to prevent equipment
damage.

After unpacking a recorder make sure that any protective padding, blocks, and tie-downs used
inside the equipment rack for shipment are removed. Inspect the equipment carefully for shipping damage, and
if any is found, notify both the shipping carrier and the local Ampex representative.

2-3. SITING

Install the HBR-3000i in a location that provides a level, firm surface, free of vibration, and where
ambient temperature and humidity fluctuations are as small as possible. In addition, the environmental atmos-
phere should contain neither excessive dust, nor corrosive fumes such as those found near storage batteries. (For
high density digital systems such as the HBR-3000i, all possible exclusion of dust is of extreme importance.)
Further, do not locate a magnetic tape recorder/reproducer or store magnetic tape in areas containing strong
magnetic fields. These can cause deterioration or erasure of data (high frequencies in particular) on magnetic tape.
They can also cause harmful magnetization of the head assemblies and tape guides on the tape recorder itself.
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For installation and maintenance purposes, it is recommended that a minimum clear aisle space of
3 feet in front and 2 feet in back of the equipment be provided. See figure 2-1 for the rack cabinet dimensions.
A free flow of air through the top of the rack must be maintained to prevent components from overheating. A rack
fan assembly exhausts air through the top of the cabinet. Louvers in the lower part of the cabinet back door allow
intake of air. A fan bay is located above each bit-sync bay (BSB), and a fan is included in the headdriver housing.

2-4. PHYSICAL AND ELECTRICAL CHARACTERISTICS

Physical characteristics of HBR-3000i systems, pertaining to locating equipment and putting it into
service, are included in table 2-1 and figure 2-1. Electrical characteristics are also given in table 2-1.

2-5. CONNECTORS AND CABLING

The following paragraphs give information for interconnecting the cabinets in a two-cabinet system,
and I/O connections for all standard systems.

2-6. 28-Channel Interconnect

If the system being installed is 14-track (i.e., all contained in a single-rack cabinet), this material
does not apply. -

The 28-track system is contained in two rack cabinets which must be located side by side. Conven-
tionally, the rack containing the transport is on the left; however, this is not required. The following description is
based on the conventional configuration with parenthetical notes for the reverse configuration.

The interconnections between the racks are made with cables which exit from the rear of the racks,
by means of couplers. See figure 2-2.

NOTE

The cabinet rear doors may be removed for easier access during
cabling and reinstalled at the end of the procedure.

a.  Aftersiting the equipment, locate the cables in the bottom rear of the electronics cabinet. There
should be four 20-conductor coaxial ribbon cables, one 40-conductor flat ribbon cable, one
10-conductor flat ribbon cable, and two RG-type coaxial cables.

b. Feedthe cables out through the rear doorway of the cabinet for easy access to the connectors.

c. Locate the cables in the lower rear of the transport cabinet (there are not any RG-type cables)
and feed them out through the slots in the rear edge of the cabinet nearest the electronics
cabinet.

d. Feed them into the electronics cabinet through the adjacent slots (see figure 2-2). Then feed
them out the rear doorway of the electronics cabinet. They are to be coupled as shown in fig-
ure 2-3.

e. Locate the couplers (five 1257073 and one 1257093) in the loose parts shipped with the
equipment.
2.2
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Table 2-1. Installation Characteristics
CHARACTERISTIC 14-CHANNEL 28-CHANNEL
SIZE (See figure 2-1) (See figure 2-1 — double

width)
WEIGHT 660 lbs 640 transport cabinet

(approximate)

400 electronics cabinet

1040 lbs total

POWER CONSUMPTION 1400 VA 1900 VA
without serial data converter bay
POWER CONSUMPTION 1500 VA 2000 VA

with serial data converter bay

DOMESTIC U.S. INPUT POWER

1156 VAC, 47 to 63 Hz

DOMESTIC U.S. POWER
CONNECTORS

J501 (Power chassis, ref.):

Ampex 145-640, Hubbell 2615
Mating connectors:

Ampex 145-637, Hubbell 2613

INTERNATIONAL POWER
INPUT*

220 VAC, 47-63 Hz

INTERNATIONAL POWER
CONNECTORS

J501 (Power chassis, ref.):

Ampex 145636, Hubbell 2625
Mating connector:

Ampex 145-638, Hubbell 2623

An international power converter kit may be installed at the factory or in the field.

Locate cable X29 DPB(B) XJ6 HD DRVR, coming from the transport cabinet. Connect it to one
of the couplers (1257073), with pin 1 (there should be a white stripe on the connector body)
next to the PIN 1 — UP end of the coupler. See figure 2-4A.

Locate the cable with the same label coming from the electronics cabinet. Plug it into the other
side of the coupler with pin 1 next to the PIN 1 — DWN end of the coupler. If this was done
correctly, the pin-1 (white-stripe) end of each cable connector is near the same end of the
coupler; however, the white stripe on one connector (PIN 1 UP) should be visible, on the other
it should not. (See figure 2-4B for a typical completed connection).

Repeat steps f and g for the following pairs of cables:

1. X22 REP(B) XJ19 B-S(B)

2. X29 DPB(A) XJ5 HD DRVR
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3.  X22 REP(A) XJ19 B-S(A)

i. Locate the 40-conductor ribbon cables from each cabinet and connect them together, using
the last 40-pin coupler with pin 1 of each cable at the same end of the coupler. Pin 1 is desig-
nated by the red stripe on one edge of the cable.

j- Locate the 10-conductor ribbon cables from each of the cabinets and connect them, using one
pair of the connectors on the dual 10-pin coupler(1257093), with pin 1 at the same end of the
coupler. The other half of this coupler is not used.

k. Feedthetwo RG-type coax cables into the transport cabinet through one of the slots in the rear
edge of the cabinet. Route them up the side of the cabinet (behind the slides for the reproduce
bays) where the power cables are located. Bring them out over the top of the upper reproduce
bay and connect them to J23 and J24 on the front of the transport power and servo chassis.
Access for this last step is from the front of the transport cabinet after releasing the transport
and swinging it out.

2-7. Data/Clock 1/0

User data and clock interface is at the rear of the digital process bay (DPB). See figures 2-5 and 2-6
along with the following discussion. The connections are different depending on the system configuration; use the
description which applies to the correct system configuration. If this is initial installation, see the configuration
sheet in section 1 of this manual. If the configuration has been changed, use the description which applies to the
new configuration.

2-8. Parallel System. The parallel system is similar to the word-serial system in interface, and care
should be taken to ensure that the proper configuration is installed. If there is any doubt, refer to section 8 of this
manual, on how to configure a system. A

The top two rows of BNC connectors in each DPB are the I/O connections for this configuration.
As shown in figure 2-4, they are labeled PARALLEL DATA 1 to 13 and PARALLEL CLOCK BAY A (also PARALLEL
DATA 14 to 26 and PARALLEL CLOCK BAY B in a 28-track system). The actual number of parallel channels to
be recorded is determined by the user requirements. In 28-track systems, DPB A and DPB B must each have a
PARALLEL CLOCK signal of identical rate and phase.

a. ECCsystem. Forthe ECC configuration, up to 12 parallel inputs can be connected in each
of the bays (for a total of 24 inputs to a parallel system). Channels 1 thru 13 are in DPB A and
channels 14 thru 26 are in DPB B. Channels 12 and 25 or 13 and 26 are used by the ECC
electronics and when thus used are unavailable for user application. Channels 12 and 25 are
normally used by the ECC electronics for parity channels and channels 13 and 26 are available
as either uncorrected parallel data channels or auxiliary analog data channels (depending on
programming in the DPB). If channel 12 (and/or 25) is used as a corrected data channel, the
parity is moved to channel 13 (and/or 26) and these channels are unavailable for data inputs.

b. Non-ECC system. Fornon-ECC systems, up to 13 inputs are available in each of the DPB's:
channels 1 thru 13 in DPB A, and channels 14 thru 26 in DPB B.

c. Parallel clock. The parallel clock input on the right end of the top row is the record clock
input. If the system is to use an external clock for reproduce reference, it must be connected
to the PAR REPRODUCE CLOCK INPUT connector.
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Table 2-2. Parallel Interface

.CONNECTOR LEVEL NOTES
INPUT PARALLEL DATA LSTTL 75Q to ground
INPUT PARALLEL CLOCK LSTTL 75Q to ground
PAR REPRODUCE CLOCK INPUT LSTTL 75Q to ground
OUTPUT PARALLEL DATA STTL 74837 with 10Q series resistor
OUTPUT PARALLEL CLOCK STTL 74S37 with 10Q series resistor

See table 2-2 for the electrical interface to these connections.

2-9. Word-Serial System. The word-serial system is similar to the parallel system and care should
be taken to be sure which configuration is installed. If there is any doubt, refer to section 8 of this manual, on how
to configure a system.

The top two rows of BNC connectors in DPB A are the I/O connectors for this configuration. See
figure 2-6. They are labeled WORD SERIAL DATA 1 to 12 and SERIAL CLOCK. The top two rows of BNC con-
nectors in DPB B are not functional in this configuration and should be labeled DATA INPUT/OUTPUT IN BAY A.

The maximum number of active inputs is determined by the user configuration (i.e., up to 12 inputs
divided by 2, or up to 8 inputs divided by 3, or up to 6 inputs divided by 4). The unused inputs are terminated and
may be left connected if variable configurations are used. The configuration as originally supplied can be found at
the beginning of this manual. See section 8 of this manual for configuration changes.

The serial clock input adjacent to the word serial data input connectors is the record mode clock.
If an external reproduce reference is required, it must be connected to the SER REPRODUCE CLOCK INPUT.

Table 2-3 gives the electrical interface requirements.

2-10. Bit-Serial System. From the rear of the DPB, the bit-serial system appears the same as a parallel
system. See figure 2-5. However, the I/O connections are not made on the upper rows of BNC connectors. The
I/O connections are the four BNC connectors in the left center position of the DPB. If an external reproduce refer-
ence is to be used, it should be connected to the SER REPRODUCE CLOCKINPUT. See table 2-4 for the electrical
interface requirements.

2-11. Auxiliary Direct I/0. Provisions for up to four auxiliary channels per DPB are provided (three if
ECC is used). Signals in these channels pass only through the direct (analog) electronics. The inputs are located on
the rear of the DPB and the outputs are on the rear of the bit-sync bay (BSB). They are labeled INPUT and OUTPUT
AUX CHANNELS 1, 2, 3, 4, respectively. In a 28-track system, they are associated with the appropriate DPB and
BSB as A1, A2, A3, A4 and B1, B2, B3, B4. See table 2-5 for a description of the electrical interface. (Original
configuration of your system is given in table 1-1. Configuration changes are covered in section 8.)
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Table 2-3. Word Serial Interface

CONNECTOR LEVEL NOTES
INPUT WORD SERIAL DATA LSTTL 75Q to ground
INPUT WORD SERIAL CLOCK LSTTL 75Q toground 1 kQ to+5V
SER REPRODUCE CLOCK INPUT STTL 7569 to ground
OUTPUT WORD SERIAL DATA STTL 74837
OUTPUT WORD SERIAL CLOCK STTL 74537

Table 2-4. Bit-Serial Interface

CONNECTOR LEVEL NOTES
INPUT SERIAL DATA STTL 758 to ground
INPUT SERIAL CLOCK STTL 758 to ground -
SER REPRODUCE CLOCK INPUT STTL 759 to ground
OUTPUT SERIAL DATA STTL 745140
OUTPUT SERIAL CLOCK STTL 745140

Table 2-5. Auxiliary Channel Interface

CONNECTOR LEVEL NOTES
INPUT AUX CHANNELS 0.5-2 V RMS 75Q
OUTPUT AUX CHANNELS 0.5-2 V RMS 75Q AC coupled
2-12. M48 1/0. The M48 |/O connections are made on a single multipin connector (25-pin D-sub-

miniature type). See table 2-6 for pin assignments and electrical interface requirements, and figure 2-7 for signal

timing requirements.

2-13. Monitor Connections. The monitor connections are made on a single multipin connector
(37-pin D-subminiature type). The electrical interface requirements are as shown in table 2-7.
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Table 2-6. M48 Interface

PIN NO.
SIGNAL DIFFERENTIAL | '\ pveL | NoOTES
+ -

Record gate output 1 14 TTL 9638
Record clock output 2 15 TTL 9638
Data input 3 16 TTL

Reproduce gate output 4 17 TTL 9638
Reproduce clock output 5 18 TTL 9638
Data output 6 19 TTL 9638
System ground 13

2-14. Tape Transport interface

Refer to table 2-8. The EXT REF IN connector (on the power-and-servo chassis test panel of the tape
transport) is provided for external input of an IRIG reference signal for tape speed control when operating in non-
HBR mode at nonstandard speeds. The other two transport interface connectors provide the transport with its
capstan reference for HBR use (REF) and its “tape” signal (TAPE SIG) for speed-error correction while reproducing
data.

2-15. Mode Select Bay Interface

The rear panel of the mode select bay (MSB) has provisions for a variety of synchronization and data
connections to the user. They are primarily intended as test mode connections, but in some instances they may be
operationally useful. Refer to figure 2-8 and table 2-9.

The DSKW SYNC OUTPUT provides a means of synchronizing test equipment to the master-
channel sync-word position. It is a negative-going pulse, one parallel clock cycle wide, occurring during the first
bit following the master channel sync word.

The GEN and READ SYNC outputs provide a means of synchronizing to the internal data generator
and reader respectively. The generator output is a negative-going pulse. The read sync pulse is positive-going.
Both pulses are one data bit wide, occurring at the beginning of the data pattern selected (511 or 2047 pseudo-
random or fixed word).

The EXT OSC input is selected by the INT/EXT OSC pushbutton on the BITE panel. It allows an ex-
ternal clock source to be used in place of the built-in frequency synthesizer. If necessary, the symmetry of this
clock signal can be adjusted on the clock divider PWBA of the MSB. Refer to the MSB manual in the signal elec-
tronics volume.
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Table 2-7. Monitor (MON) Output Interface

SIGNAL PIN NO. LEVEL DEVICE NOTES
Flag monitor 1 1 LSTTL 74LS04 1 = flag
Flag monitor 2 20 LSTTL 741LS04 1 = flag
Flag monitor 3 2 LSTTL 74LS04 1 = flag
Flag monitor 4 21 LSTTL 74LS04 1 = flag
Flag monitor 5 3 LSTTL 74LS04 1 = flag
Flag monitor 6 22 LSTTL 74LS04 1 = flag
Flag monitor 7 4 LSTTL 74LS04 1 = flag
Flag monitor M 23 LSTTL 74LS04 1 = flag
Flag monitor 8 5 LSTTL 741504 1 = flag
Flag monitor 9 24 LSTTL 74LS04 1 = flag
Flag monitor 10 6 LSTTL 74LS04 1 = flag
Flag monitor 11 25 LSTTL 741504 1 = flag
Flag monitor 12 7 LSTTL 74L.S04 1 = flag
Flag monitor 13 26 LSTTL 74LS04 1 = flag
Flag 1 monitor 8 OCTTL 7407 (4.7 K pullup) 0 = flag
Flag 2 monitor 27 OCTTL 7407 (4.7 K pullup) 0 = flag
Parity retest 9 STTL 745280 1 = error
Parity sum 28 LSTTL 74L.S00 1 = error
CSDB 10 LSTTL 74LS04
Parity clock 29 STTL 74837
Bit-sync lock 11 STTL 74S04 0 = locked
System ground 19
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Table 2-8. Transport Interface

TR LEVEL NOTES
EXT REF IN 0.5-5 V RMS 1 kQ., AC-coupled, for external capstan control.
REF (J24) TTL Internally derived capstan reference signal from
TRANSPORT REF on DPBA.
TAPE SIG (J23) TTL Master-channel bit-sync clock processed for use
as “tape” signal. From TRANSPORT TAPE SIG on
DPBA.
Table 2-9. MSB Interface
CONNECTOR LEVEL SOURCE/LOAD NOTES
INT CLK OUTPUT STTL 745140
EXT DATA INPUT STTL 75Q (ground) 1 load
EXT CLOCK INPUT STTL 758 (ground) 1 load
EXT DATA OUTPUT STTL 745140
EXT CLOCK OUTPUT STTL 74S140
SYNC GEN OUTPUT STTL 74837
SYNC READ OQUTPUT STTL 74837
SYNC DSKW OUTPUT STTL 74837
EXT OSC INPUT 0.5-2 V RMS 75Q AC coupled
TEST DATA OUTPUT STTL 74S140
TEST CLOCK OUTPUT STTL 745140
TEST ERR OUTPUT STTL 74586




EY EXT MODE SELECT
l DATA  CIK 0sC FUSE VALUE Fl P2

Teeo =: N ONO

115 VAC

(000000000 | [Jm.

OUTPUT

| DATA CiK H GEN  READ nswa an CLK ERR I INT
EXT SYNC TEST o

L-0184

Figure 2-8. MSB Rear Panel

The external word (EXT DATA) input and output are provided for connection of external test equip-
ment (i.e., random or special pattern generator/reader) through the system without disturbing the normal input
connections. They are selected by the INT/EXT WORD pushbutton on the BITE panel.

The EXT CLK OUTPUT provides a TTL clock at the same rate as the BITE system is operating. That is,
it is the synthesizer clock {(or EXT OSC input) divided by the clock divider PWBA, which is the frequency being used
to generate the test data.

The TEST DATA OUTPUT and TEST CLK OUTPUT provide the user with the output of the internal
data generator. This can be fed to the normal inputs of the system to evaluate the system in normal mode. The
output can be read by an external reader, by the internal reader in reproduce test mode, or by the internal reader
in normal reproduce mode via the EXT DATA and EXT CLK inputs.

The TEST ERR OUTPUT is a TTL pulse for each error detected by the internal reader.
2-16. BENCHMARK TAPE

It is good practice to make a benchmark test tape as soon as your system is installed and operating.
Record this tape in the parallel mode (even for systems normally used in the serial mode) using the packing density,
number of channels, etc., as are usual for your application. Record a pseudo-random test word for the entire
length of a reel of tape, half without and half with an inserted sync word. Play the tape back and verify that all
channels are operating satisfactorily. Mark the reel with the particulars of the recording (bit-rate, packing density,
channel assignment, etc.). Store the tape in a vault or other safe place. This benchmark tape verifies system
operation and can be a valuable tool for use in maintenance and troubleshooting (although it cannot be used to
reverify bit-error-rate).

To make a benchmark tape, proceed as follows:

a. Load a fully degaussed reel of properly cleaned tape (refer to section 5 of this manual for tape
care information).

b.  Set all the MSB BITE switches to the out position. This provides a 51 1-bit pseudo-random
word with the display set to accumulate errors.

c. Set the frequency synthesizer to the equivalent of 120 IPS per-channel rate.
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2-17.

d. Setthe other MSB switches out except set the NORMAL/TEST, SYNC INHIBIT, DESKEW/BIT
SYNC, and the SERIAL PARALLEL SWITCHES /n. This sets BITE test data the same on all
channels in parallel without sync insertion.

e. Record the first half of the reel of tape with the above conditions.

f.  Record the last half of the reel of tape with the sync word inserted. To do this, set the SYNC
INHIBIT and DESKEW/BIT SYNC switches to the out position. All other conditions are the
same.

g. Inthe reproduce mode, observe the output of all channels to verify operation. On the last half
of the tape, the master and slave master channel are not accessible with the channel select
thumbwheel switches.

CONFIGURATION SWITCHES

Switches on the PWBA'’s are used to configure the HBR-3000i and are normally set at the factory.

For the use of these switches in programming system configuration, refer to section 8 of this manual.
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SECTION 3
OPERATION

3-1. GENERAL

This section contains instructions for the operation (including preoperation) of HBR-3000i recorder/
reproducers. The section covers the following topics:

a. Controls and indicators
b. Preoperation
c. Operation

To ensure good results, the preoperational procedures should be carefully followed before oper-
ating the recorder.

3-2. CONTROLS AND INDICATORS

HBR-3000i recorder/reproducers are operated from four separate panels (see associated figures
and tables 3-1 through 3-4):

a. An AC power panel located at the bottom front of the rack cabinet. It controls AC power to the
rack. (Each rack has its own independent power input.)

b. A control panel mounted on the right front of the tape transport. It controls tape movement,
record/reproduce modes. It also controls reproduce equalization and bit-sync rate via speed-
select switches.

c. Atest panel (part of the power and servo chassis) mounted on the inside of the rack cabinet
behind the tape transport. In addition to test functions, this panel selects remote, sequential,
and search functions for those systems so equipped. (The INT/EXT switch is bypassed and has
no function on HBR-3000:i's.)

d. A mode select panel, the front panel of the mode select bay (MSB), is located just below the
transport on 14-track systems and adjacent to the transport on 28-track systems. These
controls select the signal electronics mode of operation and provide monitoring and test
functions.

3-3. Power Panel Control, Indicator, and Fuses
The components on the power panel are shown in figure 3-1. Their types and functions are de-

scribed intable 3-1. Detailed information on the power panel (part of the power chassis assembly), is to be found
in the HBR-3000i tape transport maintenance manual.
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Figure 3-1. Power Panel Control and Indicator
Table 3-1. Power Panel Control, Indicator, and Fuse Functions
SCHE- CONTROL
MATIC OR TYPE FUNCTION
REF INDICATOR
CB501 Main Power Circuit breaker Applies AC power to the power and servo chassis, the
+30 V pilot power supply, the power supplies in the
electronics trays*®, and the convenience strip and outlets
in the rack cabinet.
DS501 AC Power Lamp (Red) Indicates that AC power is applied as described for cir-
: : cuit breaker CB501 above.
F501 Fuse Fast Blo Provides overload protection for the rear (inside cabinet)
10 A, 260V AC outlet.
F502 Fuse Fast Blo Provides overload protection for the front AC outlet.
10 A, 250V (The front outlet is not switched by the circuit breaker

CB501.)

. %

This immediately applies power to the digital, bit-sync, and analog reproduce electronics, and makes power available to the filter

PWBA for record mode. CB501 should be set to OFF before inserting or removing signal electronics printed wiring assemblies

(PWA's).

3-4.

maintenance manual.

3-2
1280065

Control Unit Controls and Indicators

’

The controls and indicators on the control unit are shown in figure 3-2. Their type and functions are
described in table 3-2. Detailed information on the control unit is to be found in the HBR-3000i tape transport
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Table 3-2.

Control Unit Controls and Indicators

SCHE-
CONTROL OR
MRA;:‘C INDICATOR TYPE FUNCTION
S5 . POWER (transport) Lighted push on/ When the POWER pushbutton is initially
push off pushbutton pressed, power is applied to the tape transport,
(green) the power and servo unit, the vacuum blower,
and the compressor. The footage counter (if
DS1 Lamps fitted) also comes on. The POWER pushbutton
DS2 is back-lit. If tape is threaded, and loops prop-
erly in the vacuum chamber, the STOP/READY
pushbutton is back-lit. When the button is
pressed a second time, it removes the power
from these units. (Does not control signal-
electronics power.)
S1 FWD Lighted pushbutton When the FWD pushbutton is pressed, it
(white) places the tape transport in the forward mode,
and the FWD pushbutton is back-lit. In this
DS1 (Forward) Lamps mode, the tape moves from the upper reel to
DS2 the lower reel. When correct tape speed is
reached, the SYNC light also comes on.
S4 FAST Lighted pushbutton When the FAST pushbutton is pressed simul-
(white) taneously with the FWD pushbutton, it places
the tape transport in the fast-forward mode
DS1 Lamps and the FAST and FWD pushbuttons are back-
DS2 lit. When it is pressed simultaneously with the
REV pushbutton, it places the tape transport in
the fast-reverse mode and the FAST and REV
pushbuttons are back-lit.
S2 REV Lighted pushbutton When the REV pushbutton is pressed, it places
(white) the tape transport in the reverse mode, and the
REV pushbutton is back-lit. In this mode, the
DS1 (Reverse) Lamps tape moves from the lower reel to the upper
DS2 reel. When correct tape speed is reached, the
SYNC light also comes on.
S6 STOP/READY Lighted pushbutton When the STOP/READY pushbutton is pressed,
(white) tape movement stops, and the pushbutton is
back-lit. When the STOP/READY pushbutton
DS1 ’ Lamps is lit, it indicates that the tape transport is in the
DS2 ready mode; that is:

a. Tape is positioned in the vacuum
chamber, and adequate vacuum is
present.

b. The control logic and reel servo circuits
are activated.
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Table 3-2. Control Unit Controls and Indicators (Cont)

SCHE-
MATIC
REF

CONTROL OR

INDICATOR TYPE FUNCTION

S6 . c. The brake solenoid is actuated, releas-
(Cont) ing the brakes.

S3 RECORD Lighted pushbutton When the RECORD pushbutton is pressed
(red) simultaneously with either the FWD or REV
pushbutton, the transport is placed in the re-
DS1 Lamps cord mode. The FWD or REV and the RECORD
DS2 pushbuttons are lit. When the REC TEST
: switch on the power and servo chassis test
panel is set to ON, the STOP/READY and
RECORD pushbuttons are back-lit. In this con-
dition, the tape may not be moved, but the re-
cord electronics in the transport are energized.
This allows record electronics testing without
moving tape. (See E-E mode in table 3-4.)

S7 EOT Rocker switch When the EOT rocker switch is set to the ON
position, it places the end-of-tape sensors in
DS1 Lamp the circuit. The EOT indicator lights. Tape
(white) motion stops just prior to depletion of tape on
either reel. When set to OFF, the end-of-tape
sensors are disabled and the indicator light is
off. Tape runs completely off the reel before the
transport stops.

DS5 TAPE SIG indicator Lamp When TAPE SIG indicator is lit, it indicates that
{white) the capstan servo is in tape mode and sufficient
signal is being recovered from tape.

DS4 SYNC indicator Lamp When the SYNC indicator is lit, it indicates that
(white) the capstan speed is synchronized with the
appropriate reference frequency. When the
SYNC lamp alone is lit, the capstan servo is
synchronized with the tachometer and refer-
ence signals. When the SYNC and TAPE SIG
indicators are on, the capstan servo is syn-
chronized with the master bit-sync (tape) and
reference signals.

DS3 SEQ indicator Lamp When the SEQ indicator is lit, it indicates that
(amber) the SEQUENTIAL switch on the power and
servo chassis test panel is set at ON, and there-
fore that the transport is ready to send or ac-
cept a sequential record command.

DS2 SEARCH indicator Lamp When the SEARCH indicator is lit, it indicates
(white) that the SEARCH switch on the power and
servo chassis test panel is set at ON.
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Table 3-2. Control Unit Controls and Indicators (Cont)

SCHE-
CONTROL OR
MATIC INDICATOR TYPE FUNCTION

REF

DS6 REMOTE indicator Lamp When the REMOTE indicator is lit, it indicates
(red) that the control switch on the power and servo
chassis test panel is set at REMOTE and a re-
mote control assembly is connected to the
system. The POWER pushbutton on the trans-
port is off, the STOP/READY light is on (if tape
is properly threaded) and control of the trans-
port modes of operation can be made from the
remote control unit only.

S8 Tape speed visual 8-position inter- Permits selection of equalizers and timing units
indicator locked pushbuttons* relating to one of seven indicated tape speeds:
1-7/8.3-3/4,7-1/2,15, 30, 60, or 120 IPS.
(The SCAN pushbutton selects the same equal-
izers and timing units as the 120 IPS push-
button.) (If the HBR/IRIG pushbutton of the
mode select bay [figure/table 3-4] is set to IRIG,
these buttons select the indicated tape speeds.
If in TEST mode, they select a division of the
test clock frequency to determine tape speed.)

*  Mechanically interlocked so that any individual pushbutton, when pressed, cancels the selection of any other.

3-5. Power and Servo Chassis Test Panel Controls and Indicators

The controls and indicators on the power and servo chassis test panel are shown in figure 3-3. Their
types and functions are described in table 3-3. Detailed information on the power and servo chassis is to be found
in the HBR-3000i tape transport maintenance manual.
3-6. MSB Diagnostic/Mode Select Controls and Indicators

The DIAGNOSTIC/MODE SELECT controls and indicators of the MSB are shown in figure 3-4 and
described in table 3-4. Detailed information on the MSB is to be found in the HBR-3000i signal electronics
manual. The use of the built-in test equipment (BITE) is covered in this manual, in section 5, and in the signal
electronics adjustment manual.

3-7. PREOPERATION

Prior to using the system, the following information should be carefully noted, and all preoperational
procedures should be performed.

3-8. Preventive Maintenance

Determine that the recorder is within the preventive maintenance schedule as described in section 5.
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Figure 3-3. Transport Power and Servo Chassis Test Panel

3-9. Tape Selection for Recording Data

Select a reel of tape that has been bulk-erased. When recording new data, bulk-erasure of the tape
will help to ensure optimum performance. The recommended tape for HBR-3000i systems is Ampex 799. In

order to maintain the best bit-error rate (BER), the tape must be clean. For recommendations on cleaning tape, see
section b of this manual.

3-10. Tape Handling
In addition to bulk degaussing and cleaning, the handling, care, and storage of magnetic tape is
crucial to the success and longevity of high density digital recordings. The following conditions and practices will

all contribute to the quality and durability of HBR recordings.

e Do not smoke or eat in the same room in which the recorder or exposed tape is located.

e  Keep bands on the reels when they are not on the recorder. Never use any type of adhesive tape
to hold the end of a roll of tape down.

e Keep reels in their boxes, standing vertically on a shelf. Never stack reels on their sides.

e Clip off damaged ends of tape.
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Table 3-3.

Power and Servo Chassis Test Panel Controls and Indicators

SCHE-
MATIC
REF

CONTROL OR
INDICATOR

TYPE

FUNCTION

S1

TEST SELECTION

Rotary switch

Used to check the equipment for the presence
of proper voltages and signals as placarded.

S3

CONTROL
(LOCAL/REMOTE)

Toggle switch

When set at LOCAL, permits operation of the
equipment exclusively from the control unit on
the tape transport. When set at REMOTE,
permits operation of the equipment exclusively
from a remote control unit connected through
a cable to REMOTE CONTROL receptacle J7
on the power and servo chassis.

S4

SYNC
(TAPE/TACH)

Toggle switch

When set at TAPE, selects the master bit-sync
clock as the capstan servo input. When set at
TACH, selects the capstan tachometer signal
as the capstan servo input. If the TAPE (bit-
sync clock) signal disappears, the system
automatically switches to TACH, regardless of
the position of S4.

Sb

EXT FREQ STD
(INT/EXT)

Toggle switch

Inactive. This function is performed by the BIT
RATE/EXT switch on the mode select panel.

S6

SEQUENTIAL
(ON/OFF)

Toggle switch

When set to ON, permits the recorder to oper-
ate sequentially with another HBR-3000i via
the sequential cable. When set at OFF, the
equipment operates as an independent re-
corder/reproducer.

S7

REC TEST
(ON/QFF)

Toggle switch

When set to ON, disables all tape motion
modes, but enables the record electronics.
This permits checking and setting up the re-
cord system without moving tape. When set to
OFF, enables the normal operating modes.

S8

REVERSE
SHUTTLE SPEED

7-position rotary

Permits selection of a reverse shuttle speed
when the transport is in the shuttle mode. The
SHUTTLE switch and the REV. SHUTTLE
SPEED switch on the optional footage counter
at the top of the tape transport must be set to
on. (The REV. SHUTTLE SPEED SWITCH is
located on the rear of the footage counter as-
sembly, on the back of the transport.)

S9

SEARCH
(ON/OFF)

Toggle switch

When set to ON, lights the SEARCH indicator
on the control unit. If a search-control unit
(SCU) is connected to the FR-3030, it also
permits the SCU to control the operation of the
FR-3030.
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Table 3-3. Power and Servo Chassis Test Panel Controls and Indicators (Cont)

SCHE-
CONTROL OR
MATIC INDICATOR TYPE FUNCTION
REF
M1 HEAD ELAPSED Meter Indicates cumulative time of tape motion past
TIME the heads (run time).

3-11.

by the hubs.

. Handle reels of tape by their hubs only.
o Keep fingers off the tape pack.
e Keep the transport cover door closed except when loading and unloading tape.
e  Watch for transport abnormalities:
a. Roller guides not turning freely.
b. Tracking problems, tape curl.
c. Guide and chamber wear.
d.  Excessive tension.
. Keep the tape path clean.
e  Watch for magnetized heads.
e  Watch for and replace damaged reel flanges.
e  Wherever possible, use an airconditioning system equipped with electrostatic filters.
. Periodically damp-wipe all dust-collecting surfaces.

e The best environment for tape use has a temperature of 60° to 80°F and relative humidity
of 40% to 50%.

e The "ideal” environment for archival tape storage has a temperature of 65°F and a relative
humidity of 40%.

e Beforereproducing a tape that has been exposed to a severe environment, allow it to normalize
for 16 to 24 hours.

Tape Reel Installation

Tape reels should be installed with the transport power off. As much as possible, handle tape reels
Place a full reel of tape on one holddown of the tape transport and an empty reel on the other. For
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Figure 3-4. Mode Select Bay DIAGNOSTIC/MODE SELECT Controls and Indicators

forward operation, the supply reel (the full reel) is on the upper reel holddown and the takeup reel {the empty reel)
on the lower holddown. (For reverse operation, simply reverse the reel positions.) A tape reel is installed as
follows:

a. If necessary, turn the reel holddown knob counterclockwise to allow a reel to fit over it.

b. Seat the reel firmly against the flange of the reel holddown.

c. Tighten the holddown knob by turning it clockwise until the reel is firmly held in place.

3-12. Tape Threading

The tape threading path is shown in figure 3-5. The procedure for threading the tape is as follows:

NOTE

For proper recording and reproducing. the tape must be threaded
with the oxide surface facing the headstack.

a. Open the transport cover door and grasp the vacuum-chamber cover by its right edge. Swing
it out, away from the vacuum chambers.

b. Swing the head cover out as far as it will go, uncovering the heads.

c. Pull a length of tape from the upper reel and position it past the upper idler roller, down be-
tween the glass plate and the upper guide pin.

d. Thread the tape /oosely in the area of the heads, capstan, and air guides, as shown in fig-
ure 3-5. Do not force the tape in between the capstan and heads or tape-edge damage may
result. To seat the tape correctly and to remove any tape loops, rotate the capstan slowly in a
clockwise direction while pulling the free end of the tape lightly.
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Table 3-4. Mode Select Bay DIAGNOSTIC/MODE SELECT Controls and Indicators

SCHE-
KEY CONTROL OR
NO.* MATIC INDICATOR TYPE POSITION FUNCTION
REF
1 S1 NORMAL (black) | Push-push | NORMAL Selects external data and clock inputs for re-
(red) switch (out) cording.
(This switch is al- 5T .
ways active and Selects test dat_a and clock inputs from the
must be out for (in) word generator in the BITE.
recording user
data)
2 S2 TAPE (black) Push-push | TAPE Routes signals to and from tape in normal re-
E-E (red) switch (out) cord/reproduce paths.
E-E Routes signals from record to reproduce elec-
(in) tronics, bypassing the tape, for testing and
calibration.
3 S3 SYNC Push-push | — — — Diagnostic switch —disabled when the system
INHIBIT (red) switch (out) is not in the test mode.
(test mode only)
SYNCINHIBIT| Inhibits sync word insertion on all channels.
(in)
4 S4 DESKEW (black) | Push-push | DESKEW Permits reading reproduced (or E-E) data
BIT SYNC (red) switch (ouy) directly from the deskew electronics.
BIT SYNC Permits reading reproduced (or E-E) data
(in) directly from the bit-syncs with S3 /n.
5 S5 TEST S/P (red) Push-push | TEST S/P Routes test signal through S/P converter for
(diagnostic only) | switch (in) test purposes. Active in test mode only.
6 S6 SERIAL (black) Push-push | SERIAL Routes signal(s) from serial input(s) on digital
PARALLEL {red) | switch (out) process bay rear panel to signal electronics.
PARALLEL Routes signals from parallel inputs on digital
(in) process bay rear panel to signal electronics.
7 DS2 ERROR FLAG Red LED N/A Indicates that multi-track errors are being de-
indicator tected and no error correction is being made.
(ECC mode only)
8 DS1 BIT SYNCTOCK | Red LED N/A Indicates that any bit-sync other than the
indicator master channel is out of sync.
*  Figure 3-4
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Table 3-4. Mode Select Bay DIAGNOSTIC/MODE SELECT Controls and Indicators (Cont)

SCHE-
KEY CONTROL OR
NO.* MATIC INDICATOR TYPE POSITION FUNCTION
REF
9 S12 ECC (black) Push-push } ECC Enables error-correction process.
ECC (red) switch (out)
(ECC systems
only) ECC Disables error-correction process.
(in)
10 S11 VCO1 (black) Push-push | VCO1 Selects VCO1 on bit-sync PWBA’'s — normally
VCO2 (red) switch (ouy) adjusted for primary bit rate.
(Disabled in E-E
mode; use switch VC02 Selects VCO2 — normally adjusted for alter-
on master con- (in) nate bit rate.
trol PWBA in bit-
sync bay)
11 S18 RAN/FIX Push-push | — — — Inactive in normal/ mode, or when in out posi-
INHIBIT (red) switch (out) tion.
(test mode only)
RAN/FIX Inhibits test-word data from BITE. (For record
INHIBIT and bias level adjustments.)
(in)
12 DS3 TEST Red LED N/A Warns that system is in test mode and user in-
indicator puts will not be recorded.
13 S19 MODE CLOCK 5-Section Each position | Selects frequency of mode clock generated by
@ 120 IPS thumb- of each seg- the frequency synthesizer in the MSB and used
wheel ment displays | to determine tape speed. Also used in gener-
switch a numeral ating test clock.
14 DS2 LOCK Green LED | N/A Indicates frequency synthesizer circuit is
locked at selected frequency
15 S14 M2 (black) Push-push | M2 Selects M2 code for recording and reproduc-
M (red) switch (out) ing — normal mode of operation.
M Selects Miller code for compatibility with
(in) systems/tapes using Miller code.
16 S13 FWD (black) Push-push | FWD Normal conditions for forward reproduction of
REV (red) switch (out) tapes.
REV Switches bit-syncs, reproduce amps, and de-
(in) skew logic to read tapes in reverse.
17 S9 TBC Push-push | TBC Permits time-base correction of data (in repro-
TBC switch duce mode).
(used for test
only) BC Disables time-base correction {(reproduce mode).
*  Figure 3-4
3-12
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Table 3-4. Mode Select Bay DIAGNOSTIC/MODE SELECT Controls and Indicators (Cont)

SCHE-
KEY CONTROL OR
NO.* MATIC INDICATOR TYPE POSITION FUNCTION
REF
18 S7 HBR (black) Push-push | HBR Selects bit-rate clock as capstan speed refer-
IRIG (red) switch (out) ence for normal HBR operation.
IRIG Selects internal reference for IRIG fixed-speed
(in) selection at the transport control panel.
19 S8 BIT RATE (black) | Push-push | BIT RATE Data (bit-rate) clock used to control servo in re-
EXT REF (red) switch (out) cord mode — produces constant packing
(Selects record density over the range of bit-rates.
mode capstan
ref) EXT REF For nonconstant packing density recording —
(in) gives tape speed independent of data rate.
20 S19 CHANNEL Two-digit Each position | Selects channel output for calibration or diag-
SELECT thumb- of each seg- nosis. In parallel, selects parallel channel out-
(normally used in | wheel ment displays | put. In word-serial, selects word-serial channel
test mode, but switch a numeral output. No action in bit-serial mode.
always active)
*  Figure 3-4 ‘

e. Insert the tape between the glass plate and the lower guide pin. Pull the tape past the lower
idler roller.

f.  Hold the end of the tape to the lower reel hub through one of the reel-flange slots. Wind the
remaining tape counterclockwise onto the lower reel.

g. Leave a loop of tape in each of the vacuum chambers. Close the vacuum cover over the
vacuum chambers and the head cover over the head assembly. Use care not to pinch the wires
protruding from the headstacks when closing the head cover.

WARNING
TO AVOID POSSIBLE INJURY, NEVER
TRY TO STOP A SPINNING REEL BY
HAND. TURN POWER OFF AND THE
REEL WILL COAST TO A STOP.
h.  Apply power to the transport (see paragraph 3-24). (The reels may move abruptly as the tape is

positioned in the vacuum chambers.) See that tape is drawn into the vacuum chambers and
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Figure 3-5. Tape Threading Path

panel switches to the following positions:
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CONTROL
SEQUENTIAL
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SEARCH

EXT FREQ STD
SYNC

remains properly threaded in the rest of the tape path. This completes threading. When the
tape is properly loaded, the STOP/READY indicator lights.

The following initial control settings should be confirmed.

For normal, local operation of the recorder, set the power and servo chassis test

POSITION

LOCAL
OFF
OFF
OFF
(inactive)
TAPE



3-15. Control Unit. Onthe control unit, set the EOT switch to ON. (Note that when the tape is stopped
by the EOT circuits, it is not necessary to turn the EOT switch off to run the tape off the reel. Simply press the trans-
port pushbutton that will move the tape in the desired direction — with or without FAST.)

3-16. Relay Buffer. Switch S1, “A” Speed Line Selection, on the relay buffer PWBA (P106 in the
power and servo chassis card cage) must be set to the 120 position. (For normal operation, the switch is set to this
position and left. If it is in the wrong position, incorrect equalizers on the reproduce amplifiers and bit-sync timing
units on the bit-sync/decoder PWBA's are selected by the speed switches.)

3-17. MSB. Onthe left-hand end of the MSB front panel the following operating control settings should
be made.
3-18. NORMAL/TEST SWITCH. The NORMAL/TEST switch is set to the NORMAL (out) position for

recording and reproduction of data. This inhibits the test functions, except as follows:

a. The TAPE/EE switch can be used during recording to bypass the recording process for
monitoring without interrupting the recording process. This switch must be in the TAPE posi-
tion to reproduce data from tape.

b. The SERIAL/PARALLEL switch is active during recording and reproduction of data, and must
be set to match the input data format.

3-19. ECC/ECC SWITCH. This switch must be set to the correct position:

a. The ECC position enables generating and recording CRC and parity data in the record mode,
and using this information to perform error-correction on the reproduced data.

b. The ECC position disables the error correction functions.

3-20. SERVO SWITCHES. The normal servo reference is derived from the data clock for recording, with
these switches set to HBR and BIT RATE. The IRIG or EXT REF positions are used only in special applications or for
troubleshooting.

3-21. CODE SWITCHES. M2 and FWD are the normal settings of these switches and produces M2 en-
coding, which is the optimum for the system. The M (Miller) position allows recordings to be made that are
compatible with older systems using only Miller code. (Refer to section 8 for compatibility with non-standard
formats.)

3-22. VCO1/VCO2 SWITCH. This switch allows selection of one of two bit-sync VCO’s which may have
been set for different bit rates. VCO2 is not needed if bit rates are binarily related. (This affects E-E and reproduce
modes only.)

3-23. Power Application

To apply power to the tape transport, turn main AC power circuit breaker CB501 to ON. The
cooling fans should come on and the signal electronics should be energized.

Red AC power indicator DS501 should be on. Press the transport POWER pushbutton. The
lamps behind the POWER pushbutton should light and the sound of the air compressor and vacuum blower
coming up to speed should be audible. The brake solenoids should activate and tape should be pulled into each
vacuum chamber. The STOP/READY lamp should light, indicating that the system is in a ready state.
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3-24. OPERATION

The recorder can be operated in any of the standard modes by pressing the appropriate push-
button(s) on the control unit. These modes are record, forward, and reverse. Additionally, when the FAST push-
button is pressed simultaneously with either the FORWARD or REVERSE pushbutton, the fast forward or fast
reverse mode is selected. The following optional modes are also available: search, sequential, and shuttle. These
modes are selected by toggle switches on the power and servo chassis test panel. (If the equipment fails to
operate properly in any of these modes, troubleshooting in accordance with section 5 of this manual should be
performed.)
3-25. Operating Procedure for Recording

The following is a typical step-by-step operating procedure for recording data. For operating con-
trols and threading details, see the previous discussions in this section.

a. Turn rack AC power on; transport power off.

b. Load adegaussed reel of tape on the transport upper hub (supply reel) and an empty reel on the
lower hub (takeup reel).

c. Thread the tape.
d.  Turn on transport power and verify that the STOP/READY light is on.

e. Select the nominal tape speed. Note that the green window is visible in the pushbutton next
to the selected speed.

f.  Verify that the EOT switch is in the ON position.

g. Set the MSB switches. Normal positon for all switches is out for serial input systems. For
parallel input systems, the SERIAL/PARALLEL switch must be /n. (See paragraphs 3-17
to 3-22.)

h.  To initiate recording, press and release the transport RECORD and FWD pushbuttons at the
same time.

i. Monitor the LED indicators on the front of the reproduce PWBA's to verify recording.

j- To end recording, press the STOP pushbutton to stop tape motion, or FAST and REV to
rewind.

k.  Mark the tape reel with bit-packing density, nominal tape speed, data clock rate, format (i.e.,
ECC/NON-ECC, aux channels, etc.), and any other pertinent information.

3-26. Operating Procedure for Reproducing
The following is a typical step-by-step operating procedure for reproducing recorded data.

a. Load and thread a recorded tape. (See paragraphs 3-11 and 3-12.)
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b. At the transport control panel, select the nominal tape speed. If in doubt, refer to section 8
of this manual to determine this tape speed setting from data bit rate packing density and
parallel clock rate.

c. Verify that the EOT switch is set to the ON position.

d. Set the MSB switches. Normal position for all switches is out for serial input systems. For
parallel input systems, the SERIAL/PARALLEL switch must be in. Tapes recorded to older
standards may require some alternate switch settings.

e. Verify that the correct (SER or PAR) REPRODUCE CLOCK INPUT is connected on the DPB.
f. Select VCO1 or VCO2 according to the data rate.

g. Toinitiate data reproduction, press the FWD pushbutton on the transport. When the TAPE and
SYNC lights are both on, the system is reproducing data.

h. Press the STOP pushbutton to halt tape motion, or both FAST and REV pushbuttons for
rewind.

3-27. Fast Mode Operation

The fast modes are used to move tape quickly from one reel to the other. To initiate fast forward or
fast reverse (either when the transport is stopped or while it is in the record or reproduce mode), simultaneously
press the two appropriate pushbuttons (i.e., FAST and FWD or FAST and REV). The transport will then proceed
into the selected mode. If there is a direction change, the transport will first stop and then proceed into the
selected mode.

3-28. Search Mode Operation

The search mode requires the attachment of an optional time-code generator with a tape control
unit to the equipment. This mode is similar to the reproduce mode, except the speed of tape movement is con-
trolled by the time-code generator. The SEARCH switch on the inner test panel must be set to ON, which will
cause the SEARCH indicator on the control unit to light. The search mode is initiated by pressing the FWD
pushbutton.

3-29. Sequential Operation

Sequential operation involves the use of two recorder/reproducers. One is initially operated in the
forward record mode, while the other is in the stop/ready mode. To link the two recorders for sequential opera-
tion, a cable must be connected from SEQUENTIAL receptacle J3 on one recorder to the equivalent receptacle on
the other recorder, and the SEQUENTIAL switch on the power and servo chassis test panel of each recorder must
be set to ON.

When the first recorder nears the end of its tape supply in the forward record mode, the second re-
corder is automatically started in the forward record mode. The first recorder continues to record until the end-of-
tape is reached. If the first recorder is reloaded while the second is operating, the sequence can be extended
indefinitely.
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3-30. End-of-Tape Switch During Sequential Operation

The EOT switch on the control unit may be set to OFF when operating in the sequential mode. This
provides a maximum of redundantly recorded data because the end-of-tape sensors are disabled, which permits
data to be recorded until the tape runs off the reel. Setting the EOT switch to OFF in no way affects the sequential
Sensor.

When the EOT switch is set to ON and tape movement stops as a result of the end-of-tape sensor
action, there is no need to set the switch to OFF in order to move tape off the reel. Press the pushbutton(s) that
will wind the tape onto the desired reel.

3-31. Shuttle Mode

The shuttle mode, which is an automatic cycling operation, shuttles the tape between preselected
points on the tape in reproduce mode only. The shuttle mode requires the use of a footage counter. (For a detailed
breakdown of the footage counter, see the FR-3000 series accessories manual.) To operate the recorder/repro-
ducer in the shuttle mode, proceed as follows:

a. Place the recorder/reproducer in the fast foward mode and move the tape to a point where the
cycling operation is to start.

b.  Press the RESET (zero set) switch on the footage counter. This will place the footage counter
to 00000 count.

c. Move the tape to a position where the cycling operation is to end.

d. Press the LIMIT SET switch on the footage counter to mark the end of the shuttle distance.
(Another version of the footage counter has a digital thumbwheel switch to set the end of
shuttle point in feet.)

e. Select the desired forward tape speed on the control unit.

f.  Ifthe desired reverse shuttle speed is the same as the forward speed, set the SPEED SWITCH
at the rear of the footage counter to OFF. Then place the SHUTTLE switch on the front of the
footage counter in the on position (downward) and proceed to step A.

g. Ifthe desired reverse shuttle speed is different from the forward speed, then set the REVERSE
SHUTTLE SPEED switch on the inner test panel to the desired reverse shuttle speed. Set the
SPEED SWITCH at the rear of the footage counter assembly to the REV. SHUTTLE (up)
position. Proceed to step A.

h.  Press the REV pushbutton on the control unit. The tape will automatically shuttle between the
two preselected points on the tape.

i. To terminate the shuttle operation, press the STOP/READY pushbutton on the control unit,
set the SHUTTLE switch on the footage counter to the off position, and set the SPEED
SWITCH at rear of footage counter assembly to the OFF position.
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3-32. Remote and Computer Control

The following two paragraphs cover remote control and computer control. One or the other of these
optional capabilities can be implemented in any system, but not both.

3-33. Remote Control. Remote operation is selected by setting the CONTROL switch on the inner test
panel to REMOTE. Connect a cable from the remote control unit to the REMOTE receptacle (J7) on the power and
servo chassis behind the tape transport. When a remote control unit is connected to J7 through a cable and the
CONTROL switch is set to REMOTE, the REM indicator on the tape transport control unit should light.

All of the tape transport functions that are normally controlled from the tape transport control unit
can now be exclusively controlled from the remote control unit.

3-34. Computer Control. If the system is equipped for computer control (TTL interface PWBA, IEEE-
488 bus interface PWBA, etc., installed, plus internal interfacing), the cable from the computer must be con-
nected to power and servo chassis connector J8.

3-35. TAPE REMOVAL
Following the recording or reproducing of data, rewind the tape onto the upper reel. When the end-

of-tape sensors stop the tape, press the FAST and REV pushbuttons so that the tape completely rewinds onto the
upper reel. Remove the reel of tape by turning the reel holddown knob counterclockwise until the reel is released.
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SECTION 4
FUNCTIONAL DESCRIPTION

4-1. GENERAL

The Ampex HBR-3000i recorder/reproducer is a laboratory-quality, high-bit-rate (HBR) digital
record/reproduce system. It uses magnetic tape to store digital data at high bit rates and high packing densities.
Bit rates as high as 30 MHz and packing densities as high as 33.3 kb/in/track are standard. The HBR-3000i re-
produces the recorded data with a minimum bit-error-rate (BER) through the use of an orthogonal error-correction
system employing an error-correction code (ECC) and a parity channel or channels (refer to paragraphs 4-6
and 4-11). A large variety of data rates and formats is accepted by the system. Readily performed system pro-
gramming allows adapting the recorder to the format and bit rate of the incoming data. This includes selecting the
track distribution, the packing density, and the tape speeds. The record tape speed is derived from the data rate
and the selected density. The reproduce tape speed may differ from the record speed by a factor as great as 64 for
time expansion or compression. Instructions for programming the system are included in section 8 of this manual.

System options include a 100 Mb/s ECL serial data converter bay (input/output formatter — covered
in a separate manual), IEEE-488 bus interface, and many more. See the FR-3000 series accessories manual and
your local Ampex representative for further details on the available accessories.

The simplified system description below is followed by a more detailed system description.
Hardware descriptions of the various elements of the system in still greater detail are contained in the tape
transport and signal electronics maintenance manuals.

4-2. SIMPLIFIED SYSTEM DESCRIPTION

The following simplified system description leaves out a great many details of the system in order to
give an overall, or conceptual, idea of the recorder/reproducer system. Refer to figure 4-1 (block diagram). For
physical location of the transport and bays referred to below, see figures 1-1 through 1-5, in section 1 of this
manual. Since channels of the same type are essentially the same, the following descriptions are in terms of one
channel of each type. Synchronous digital channels are referred to as data channels. Non-synchronous channels
(analog or digital) are classified as auxiliary channels (see paragraph 4-13). A digital data channel of the basic
(error-correcting) system is described first, then the differences with error correction removed. An auxiliary
channel is described, then the calibration and self-test capabilities.

4-3. System Control

Main power on/off control is available at the power chassis assembly located at the lower front of
each rack.

Record/reproduce modes, tape motion direction, fast winding of the tape, end of tape, tape
shuttling, are controlled at the transport control panel. In the HBR digital application, the existing speed-selection
pushbuttons do not affect tape speed, but are used to select certain elements in the reproduce electronics, as
described further on in this section, and in section 8. Some secondary controls for the transport are located on a
test panel on the power and servo chassis behind the transport.

Except for record/reproduce modes, the signal system is primarily controlled from the front panel of
the mode select bay (MSB). Some further transport control is also performed at this panel.
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4-4, Tape Transport

The HBR-3000i tape transport is a precision, reel-to-reel, laboratory instrumentation tape trans-
port. It handles 1-inch-wide magnetic tape on reels up to 16 inches in diameter, and provides continuously vari-
able record/reproduce tape speeds from 1-7/8 to 150 inches per second (IPS), forward and reverse. It also
moves tape both forward and reverse at a tape speed of 240 IPS for fast winding or scanning.

4-5. Digital Channel Record Electronics

The HBR-3000i receives high-bit-rate NRZ-L digital inputs in one of three basic formats. (Numerous
variations as to number of tracks, packing density, etc., are possible within the basic formats.)

a. Serial stream
b. Serial word
c. Parallel

Serial stream inputs usually consist of a high bit-rate data signal with a clock. (The data bit-rate is
30 Mb/s maximum, or 100 Mb/s with optional ECL input/output serial data converter bay). Because of the per-
track bandwidth limit of the tape recorder, any stream above 5 Mb/s must be divided into lower rate streams
(serial-to-parallel conversion) until the bit rate delivered to the record heads is 5 Mb/s or lower. The input data may
be divided by any integer from 2 to 12.

Serial word inputs consist of one or more words with the bits of each word in parallel. If the words are
received at a rate higher than 5 Mb/s, each bit stream must be divided into multiple streams to bring them below
the 5 Mb/s limit. This is performed by a serial-to-parallel converter with 12 channels and programmable division
by 2, 3, or 4.

Parallel inputs are synchronous, separate streams, 5 Mb/s or lower in rate.

The digital channel record electronics which process the inputs include both digital and analog
circuits.

4-6. Digital Record Electronics. Referring to figure 4-1, the data and clock normally received by
the HBR-3000i are in NRZ-L code. They are applied to the digital record electronics in the digital process bay
(DPB) where:

e  Serial or parallel input mode is selected.

e  As required, serial-to-parallel conversion is performed. This conversion (+N) is programmed
to produce the required number of parallel data channels and a clock at the parallel rate. Further
division of the clock (+X) is programmed to create a capstan reference signal. This reference
is at a frequency which produces the tape speed that provides the selected packing density.

e The signals pass through a calibrator card (cal # 1) used in system calibration and test.

e Following this, a 32-bit block is removed from each data channel. These blocks are recorded
in @ master channel (one for each 13 digital data channels). A 16-bit sync word is inserted into
the later 16-bit spaces of the blocks. The sync frame length is 512 bits, and within each frame
of the master channel, there is space far 48 bits of user data(called M48 data). A parity channel
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(normally one for each DPB) is also generated from a programmed number of tracks (those
included in error-correction). When ECC is disabled, a 32-bit sync word is inserted into the
block removed from each channel.

e Next, a 16-bit cyclic redundancy check (CRC) word is generated and inserted into the first
16 bits of the 32-bit block. The CRC is not used if ECC is disabled.

e Thedatais encoded from NRZ-L to M2, This process eliminates the separate clock signal. (It is
reconstructed during reproduction of the signals from tape). Using M2 code for recording
eliminates the need for DC response.

e The signal is filtered to remove high-order harmonics and passed to the analog record elec-
tronics.

4-7. Analog Record Electronics. The analog record electronics consist of a headdriver circuit,
mounted near the heads, which processes the signal to drive a magnetic record head for constant-flux recording.
The headdriver also mixes the data signals with a high-frequency (13.6 MHz) bias signal which is used to linearize
the recording process. A bias oscillator, mounted in the headdriver housing, generates the bias signal.

4-8. Digital Channel Reproduce Electronics

When recorded signals are reproduced (downstream from the recording as it is being made, or at a
later time) tape is moved past the reproduce heads and a very low-level signal is induced in the heads. This signal is
processed by analog, bit-sync, and digital electronics.

4-9. Analog Reproduce Electronics. The low-level reproduce head signal is amplified by the
analog reproduce electronics which consist of:

e  Atwo-section preamplifier circuit mounted near the heads. The first section is located on the
head assembly, the second section is located behind the tape transport in a separate housing.
The preamplifier circuit increases the signal level close to the heads to avoid noise pickup.

e  Adirect reproduce amplifier, housed in a reproduce bay (REP bay), which provides amplitude
equalization and phase correction.

4-10. Bit-Sync/Decoder Electronics. The output of the direct reproduce amplifier is applied to a bit-
synchronizer/decoder circuit (bit-sync/decoder, or bit-sync), housed in a bit-sync bay (BSB).

e The bit-sync circuit returns the signal to digital form, recovers the clock information and
outputs a clock signal. This clock signal (or its derivative) is used to clock the data through
subsequent decoding to NRZ-L (in the decoder portion of the bit-sync/decoder) and into the
digital reproduce electronics. The master-channel bit-sync clock is also processed and used to
control the capstan during reproduction of data in a manner similar to the use of the “tape.” or
control-track, signal in an analog recorder.

e A master-control PWBA in the BSB makes it possible to adjust voltage controlied oscillators
(VCQO'’s) on all the bit-syncs at once.

4-11. Digital Reproduce Electronics. The digital reproduce signal electronics (in the DPB) consist of:

e A second calibrator PWBA (cal #2) used in system calibration and testing.
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e A deskew circuit for each channel including the master channel that deskews the data.

e Anerror detector and delay that checks the data and CRC words for errors and delays the data
by 512 bits. This PWBA also enables the transfer of the 48-bit blocks of user (M48) data from
the recorder/reproducer to registers in user equipment.

e An error-corrector and data reinserter which corrects errors, channel by channel, using the
parity channel(s), and reinserts the data from the master channel into the individual data
channels. In parallel systems, the output of this circuit is the output of the system.

e In serial systems, the output of the error-corrector circuits is passed to a parallel-to-serial
converter which returns the data to its original (input) format. In that case, the output of the
parallel-to-serial converter is the system output.

e An auto channel select PWBA. This circuit decodes information inserted into the master
channel during recording, and automatically selects the channel(s) which are included in the
ECC process. This selection can be manually made by switch settings on the error corrector
PWBA.

4-12. Non-ECC Mode

The system may be used without error-correction. This cancels the need for parity channels. Thus,
any channels used for parity in error-correction operation may be reassigned to data recording. The CRC insertion
is disabled and a 32-bit sync word is used. Non-ECC operation is selected with a switch on the front panel of the
MSB.

4-13. Auxiliary Channel

As many as four auxiliary channels are available per each 14 tracks. An auxiliary channel is a non-
synchronous digital or analog channel commonly used for voice logging or for a time-code signal. Auxiliary chan-
nels use only the analog electronics. The input is made directly to the filter PWBA. The output of an auxiliary
channel is the output of the direct reproduce amplifier, available at a connector on the back panel of the BSB. In
ECC mode, only three auxiliary channels are available.

4-14. Test Mode

The test mode is entered by pressing the NORMAL/TEST pushbutton on the MSB panel to the in
position. In this mode, the data and clock are derived from the BITE in the MSB. Test signals are substituted for
user signals, and signals from the reproduce side are fed back to the MSB for determining error rates or frequency.

4-15. DETAILED SYSTEM DESCRIPTION

The following paragraphs contain detailed descriptions of the HBR-3000i system. It is presented in
the same order as the preceding simplified description: system control, tape transport, signal electronics (except
no further coverage of auxiliary channels is given), and test mode. The signal electronics descriptions are in the
order of signal flow from input to output. Detailed descriptions of the individual elements that make up the system
are contained in separate manuals.
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4-16. System Control

The HBR-3000i is controlled from four locations: the power chassis assembly, the transport control
panel, the power and servo chassis test panel, and the MSB front panel.

4-17. Power Control. Main power control is applied through the power chassis assembly at the
bottom of each rack. Power is conducted into the cabinet by way of connector J503 at the bottom rear of the
rack. (A mating connector is supplied with the system, to allow cable fabrication to the required length. Refer to
section 2 of this manual.) J503 is part of either a line filter assembly (115 V systems) or an international power
transformer assembly (220 V systems). The power is cabled from the filter or transformer assembly to the power
chassis assembly which includes main-power circuit breaker CB501. The breaker is accessible on the front panel
of the power chassis assembly.

When power is connected, the front utility outlets are powered. When CB501 is set to its ON
position, power is applied to the outlets from which the signal electronics bays are supplied. This powers up the
electronics bay power supplies. Power is also supplied to the transport POWER switch, which controls power to
all the assemblies that make up the transport. The main-power-on condition is indicated by the lighting of DS501
on the front panel of the power chassis assembly. The front panel also carries fuses which protect the outlets.

4-18. Tape Transport Control. Different phases of tape transport control are initiated from three of
the four system control centers.

4-19. TRANSPORT CONTROL UNIT. The primary functions of the tape transport are controlled from
the panel of the transport control unit on the right-hand side of the tape transport (seen from the front). The
switches on this panel act with control logic on plug-in PWBA's in the power and servo chassis to control transport
modes. These include transport power on/off, reverse and forward tape motion (reproduce modes), record mode,
and fast tape winding.

Switches on the transport control panel are used to select equalizers in the direct reproduce ampli-
fiers, and timing units in the bit-sync/decoders. (These switches are marked with nominal/tape speeds, but do not
control actual tape speed.) The end-of-tape function is controlled from here, and its status indicated by a light.
When it is on, tape is stopped slightly before it runs off the reel which is supplying tape. Other indicators on this
panel signal the status of remote control (REM), search mode (SEARCH), sequential mode (SEQ), tape signal
presence (TAPE SIG) for capstan control, and capstan synchronization (SYNC).

4-20. POWER AND SERVO CHASSIS TEST PANEL. Behind the tape transport mechanism, accessible
when the transport is extended on its hinges, is the power and servo chassis. On the front of the chassis is a test
panel which mounts further transport controls. These include:

e The CONTROL switch which allows selection of control from the local panel or an (optional)
remote unit.

e The SYNC switch, which is left in the TAPE position for normal HBR use.

e The SEQUENTIAL switch used in sequential operation as described in paragraphs 1-14, 3-29,
and 3-30 of this manual.

e  The REC TEST switch which allows turning the record electronics on without moving tape for
test and alignment purposes.
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e The SEARCH switch which allows selection of a search mode when accessory time-code
generator and search control units are connected.

e The REVERSE SHUTTLE SPEED switch which allows selection of a reverse speed different
from the forward speed in shuttle mode. (Shuttle mode is controlled by an optional footage
counter assembly. The mode consists of continuous passes back and forth over a selected
section of a reel of tape for analysis. Shuttle mode is further described in paragraph 3-31 of this
manual and the accessory manual coverage of footage counters.)

e The EXT FREQ STD switch which is inactive in HBR use.

e The TEST SELECTOR switch which applies voltages from various points in the transport to a
test connector for maintenance purposes.

4-21. MSB TRANSPORT CONTROL. In the group of controls titled DIAGNOSTIC/MODE SELECT on
the front panel of the MSB, is a sub-group titled SERVO. These switches perform control over the capstan servo,
as follows:

e The HBR/IRIG switch selects whether the transport responds to the external capstan servo
references (HBR) to make continuously variable tape speed possible for constant bit-packing
density on the tape, or to internal references that produce the standard, fixed IRIG tape speeds
(those assigned to the tape speed switches on the transport control panel).

e The BIT RATE/EXT REF switch selects the bit-rate clock (data clock) as the capstan servo
reference, for constant packing density, or an external reference (EXT REF) independent of bit-
rate for non-constant packing density.

e The TBC/TBC switch selects or disables time-base correction of data during reproduction.

4-22. Signal System Control. Aside from the control performed by the transport (i.e., record/
reproduce modes, and selection of elements in the reproduce electronics, described above), signal system control
is performed by the MSB. Normal operating control and selections of normal or test functions are performed by
the switches in the group titled DIAGNOSTIC/MODE SELECT. These switches act through the PWBA's in the
DPB, particularly the cal # 1 board. They provide selection between different operating modes (e.qg., parallel or
serial inputs), or between normal operating modes and test (diagnostic) modes (e.g..normal operating mode or a
test mode in which normal user data is not recorded, and data and clock signals are provided by the MSB). The
functions of these switches are covered in section 3, table 3-4, and their use in procedures is included in sec-
tions 3 and 5 of this manual. Details of the entire MSB are given in the MSB manual in the signal electronics
volume.

4-23. BITE Control. The BITE circuits are contained on five PWBA's, in a card cage that is part of
the MSB. Controls and indicators extend through the front of the panel for access. For additional information on
the MSB, including BITE power supplies and MSB control cluster, schematics, parts lists, etc., see the signal
electronics volume.

A simplified block diagram of the BITE is shown in figure 4-2. The BITE electronics form a self-
contained system for performance testing. The BITE also provides word-synchronizing signals to an oscilloscope
for signal electronics adjustments and troubleshooting. If additional test words (bit patterns) are desired, an
external test word generator and analyzer can be substituted for the BITE electronics.
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The BITE circuits include a frequency synthesizer PWBA, a clock divider PWBA, a pseudo-
random word (PRW) generator PWBA, a comparator (reader) PWBA, and a counter display (numeric LED) PWBA.
The purpose of the BITE group is to:

a. Select a test data rate

b.  Generate a test word

c. Detect errors (if any) in the test word
d. Display the results

4-24, SELECTION OF THE TEST DATA RATE. Thetest data rate(clock frequency) is determined by the
oscillator frequency input to the clock divider PWBA and division performed by the clock divider circuits. The most
common selection is to use the frequency synthesizer PWBA as the oscillator input and the frequency select 1 of
the clock divider PWBA for division. The following paragraph describes this.

Switches on the frequency synthesizer PWBA control a VCO in the range of 2 MHz to 52 MHz.
These switches are accessible at the front panel of the bay (MODE CLOCK @ 120 IPS). A crystal oscillator is used
as a reference for a phase-locked loop to ensure a stable and precise frequency. This becomes the internal source
for the frequency select 1 on the clock divider PWBA. The frequency select 1 is enabled by the OSC1 switch on
the word generator PWBA. Frequency division is controlled by the rate divider circuits which are, in turn,
controlled by the speed lines from the tape transport. This division is determined by the transport speed selection
switches in binary steps of 1, 2, 4, 8, 16, 32, or 64. Divide-by-1 corresponds to 120 IPS, and divide-by-64
corresponds to 1-7/8 IPS.

Alternative selection of the test data rate includes using an external oscillator and/or the frequency
select 2. The frequency select 2 is enabled by the OSC2 switch, and switches on the clock divider PWBA may be
set up for various fixed divisions.

4-25. GENERATING A TEST WORD. The pseudo-random word (PRW) generator PWBA produces one
of three bit-patterns as determined by front panel switch settings. These bit patterns (called words) can be a fixed
10-bit word, a511-bit PRW, ora 2047-bit PRW. If other bit patterns are required, an externally generated word
and associated comparator can be selected by a front panel switch.

The fixed word requires synchronizing by pressing the FIX START pushbutton. The fixed word is
most useful when displayed on an oscilloscope as an aid to troubleshooting circuits on a PWBA. A sync pulse (rear
panel GEN SYNC connector) is generated for the selected word for oscilloscope synchronization. A switch that
introduces single errors into the output word for a confidence check is provided.

4-26. DETECTING ERRORS. The comparator PWBA (J5) contains logic capable of comparing a word
generated by the PRW generator PWBA (J6) with the bit pattern after processing, and detecting errors on a bit-by-
bit basis. Pushbuttons located on the PRW generator PWBA (FIX/RAN and 511/2047) select the logic circuits
used. Errors may be detected in either the NOR (normal) or SLIP mode as follows:

a. In the NOR mode, the incoming 511/2047 PRW is circulated through shift registers in a
modulo-2 configuration with the same pattern as the generator. Thus each bit is compared
three times, and a single actual error in theincoming data produces an error count of three. (An
exception to this occurs when there is a coincidence of two errors in such relationship that they
are compared and appear to be correct bits.)
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b. Inthe NOR mode, an incoming fixed word is circulated through registers where the input is
compared to the output. (The bit at the output is compared to the equivalent bit in the following
word.) In this case, each error tends to be counted. twice, producing an error count of two for
every error in the data.

c. Inthe SLIP mode, the incoming 511/2047 PRW is compared to data from a generator which
is synchronized to the input data. It shows one count for one actual error. In this mode, if the
clock slips (i.e., synchronization is lost), the comparator generates continuous errors until the
SYNC READER pushbutton is pressed to resynchronize the reader. The SLIP mode is the most
acurate method of error measurement. The fixed word is not used in the SLIP mode.

If EXT word mode is selected, the data(and clock) are routed to/from rear panel connectors, and the
BITE electronics are bypassed.

4-27. DISPLAYING THE RESULTS. The counter display PWBA provides readout for clock frequency
or bit errors. In the self-test mode and counter (CTR) mode, the output frequency of the synthesizer PWBA is dis-
played. The bit-sync/decoder clock channel displayed is determined by the channel selected with the thumb-
wheel switch in the DIAGNQOSTIC/MODE SELECT control cluster. Error rates from the comparator PWBA can be
in either the accumulate mode or the rate mode. In the accumulate mode, errors are accumulated until the RESET
switch is pressed. In the rate mode, either 106 or 108 may be selected to show the errors forthe lndlcated number
of bits. In rate mode this is automatic. ~

4-28. Tape Transport

The tape transport must move tape across the record and reproduce heads at a linear velocity de-
termined by programmed division of the data-rate clock, with the least amount of disturbance to the tape motion.
It must also provide some means of tape storage (in this case, the co-planar reels). It must have the speed range to
allow the combinations of data-rates and packing densities called for by the system.

To this end, the HBR-3000i tape transport is designed so that the tape speed and tension are very
cisely controlled by servos. The record/reproduce speed range is 1-7/8 to 150 IPS, with fast wind speed of
240 IPS, in either direction. Tape tension, end-of-tape, and broken tape are automatlcally sensed Sequential
and remote control are available as options.

In order to meet these requirements, the HBR-3000i tape handling mechanism is built on a base-
plate subassembly which gives a rigid, precise reference to the various other subassemblies in proper relation-
ships. The most critical subassemblies (capstan, head assemblies, and vacuum chambers) are mounted on a
precision plate which is part of the capstan assembly. This,.in turn, mounts on the back of the transport baseplate.
The tape handling components project forward through a hole in the baseplate.

4-29. Control Logic. The functions of the tape transport, as well as some of the functions of the asso-
ciated signal electronics, are controlled by logic circuits contained in the power and servo chassis. These circuits
are controlled in turn by signals or switch closures from a control unit which mounts in an opening in the baseplate
so that a control panel (or cluster) is accessible from the front of the transport.

The control.logic also receives end-of-tape (stop) signals from two photosensors, one associated
with each tape reel. When sequential operation is selected, and the end of the tape is approached, a similar photo-
'sensor generates a signal which can be used to start a second recorder. The sequential signal is also generated if
power fails or tape breaks in the first recorder. The control logic also receives broken-tape or missing-tape signals
from the vacuum system, and shuttle-control signals from an optional footage counter assembly when it is in-
stalled and shuttle mode is selected.
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4-30. Reel Control. The tape reels are controlled by reel motors which mount on the back of the base-
plate. The shafts of these motors project through holes in the baseplate. On the shafts are mounted reel hold-
downs that secure the reels while they are in use. Included in the reel servos is a vacuum chamber assembly which
is divided into two sections, each of which maintains a loop of tape. These loops are forced into the chamber by
ambient air moving in to fill a vacuum which is generated by a blower in the vacuum housing assembly behind the
transport.

Light sources and photosensors within the vacuum chamber sense the positions of the loops, and
generate control signals that are used to adjust the position of the reel motors to keep the loop-lengths correct.
This action results in servo control of tape tension in all modes of operation and in the tape being wound on and off
the reels as required. The vacuum chamber also acts to isolate (buffer) the capstan/head area from tape-tension
disturbances.

4-31. Capstan Control. Refer to figures 4-2 and 4-4. The tape is moved, and therefore its speed is
controlled, by a capstan. In operation, the tape is wrapped in contact with 110° of an elastomer-surfaced puck
which is 1 foot in circumference. The puck is turned by a motor which is part of a closed-loop servo. The func-
tioning of the servo is based on a crystal-oscillator reference signal. When tape is being moved, the reference
signal is compared to a signal representing either capstan speed or tape speed. Differences between the reference
signal and the comparison signal are used to form an error signal which controls power from the power and servo
chassis to the motor. This results in a high degree of speed-error correction.

In the recording mode, the parallel clock from the cal No. 1 PWBA is applied to the serial-to-parallel
converter PWBA for division to the servo reference frequency. The clock is first divided by N (number of channels),
and then divided by X (density) for comparison to the tachometer output. The record command holds the machine
in this tachometer mode.

When the system is in the scan or fast modes, the transport is also held in the tachometer mode. In
addition, circuits on the HBR servo interface PWBA in the power and servo chassis select the internal reference in
place of the bit-rate clock when in the scan or fast modes. For other than the record, scan, or fast modes, a three-
position switch on the servo interface PWBA selects the bit-rate clock or internal reference as follows:

a. REV (down) position: When the transport is in the forward mode, the bit-rate clock is selec-
ted for TBC (time base correction), and when in the reverse mode, the internal clock is selected
so that the transport operates at normal speed selection (1-7/8 to 120 IPS).

b. FWD (up) position: The action is the reverse of a above.

c. Center position: Used in some custom configurations. The internal clock is not selected by
the forward or reverse modes. (The system must be equalized for forward and reverse.)

In the reproduce mode, the reproduce reference clock (REPRODUCE CLOCK INPUT on the back
panel of the DPB, SER or PAR according to the system configuration) is selected as the source of the capstan servo
reference. During normal reproduction of the tape signals, this clock is divided by &, and then routed to the master
deskew PWBA where it is divided to become the Qx clock. Also on the same PWBA, the data clock from the
master channel bit-sync/decoder PWBA is divided to the same nominal frequency for the Qt tape signal. This
division is selected at the factory for the best performance; usually, it is divide-by-8. At start-up, the tach is used
and compared to the output of the divide-by-X circuit. Once both the capstan servo and bit-sync are phase-
locked, these signals (Qx and Qt) are selected and compared for time-base stabilized reproduction.
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4-32. Power Supplies and Regulators. The power and servo chassis includes the power supplies
and a power regulator assembly required for operation of the tape transport. The main power supply (a multiple
output supply) provides power which drives the capstan and reel motors and releases the reel brakes.

The £18 V power from the main power supply is also processed by a =12 V regulator assembly
which includes a +5 V regulator section. This assembly provides the power to operate the logic circuits which
control the transport. The 12 V regulator (as well as the logic circuits) are plug-in printed wiring assemblies
(PWBA's) which mount in the power and servo chassis card cage.

4-33. Record Signal Processing
A block diagram of the record section of the HBR-3000i is shown in figure 4-3.

4-34, Serial-to-Parallel Converter PWBA. Incoming data is applied to a serial-to-parallel converter
printed ‘wiring board assembly (PWBA) which divides the serial data stream(s) into the necessary number of
channels. The serial-stream assembly can be programmed (+N) for any number of output channels from 2 to 12.
The serial word assembly can be programmed for +2, +3, or +4 to produce 2, 3, or 4 record channels for each
bit of the incoming word, up to atotal of 12 record channels for each DPB in the system. The signals at this point
are still in NRZ-L form.

This processing includes dividing the serial record clock or reproduce XTAL clock down to the bit
rate for the parallel channels. This division (+N) is set by switches on the circuit board. The resulting divide-
by-N clock is further divided by X in circuits that produce a frequency for the capstan servo reference. The divide-
by-X clock is also set by switches on the circuit board, and the switches are set to produce the chosen bit-packing
density on tape. The output signals from the serial-to-parallel converter are connected to the parallel or serial
select PWBA.

4-35, Parallel or Serial Select PWBA. The parallel or serial select PWBA consists of solid-state
digital switching as required to select either parallel outputs from the serial-to-parallel converter for serial systems,
or external parallel inputs for parallel systems. The PWBA accommodates up to 13 parallel channels. The PWBA is
controlled from the mode select panel (parallel or serial switch).

4-36. Calibrator No. 1 PWBA. The calibrator No. 1 (cal #1) PWBA works in conjunction with the
calibrator No. 2 (cal # 2) PWBA (on the reproduce side of the system) and the mode select panel switches. It
routes data and clock selection required for system testing, adjustments, and troubleshooting.

4-37. Sync Inserter PWBA. The data is then processed by a sync inserter PWBA in order to insert a
sync word for deskewing the reproduced data. A check word is also inserted into the same 32-bit window as the
sync word. The sync inserter inserts a 32-bit sync window, with a sync word in the last 16 bits, into each of the
parallel data channels, in turn, every 512 bits. The first 16 bits are subsequently used for the check word. The data
bits displaced by the sync window are inserted into the master channel (transferred from each data channel in
sequence). Table 4-1 shows the sync-word pattern developed in this manner. For testing purposes, sync insertion
can be inhibited, thus allowing bit-rate error testing of each channel on an individual basis. Refer to the signal
electronics adjustment manual for testing details.

The sync inserter also acts on the data to generate an even parity channel, which is used in error
correction. In 28-channel systems, two such channels are normally generated, one in each DPB. The parity
channel in the A bay is in channel 12 or 13 and the one in the B bay in channel 25 or 26, as determined by the
system programming. If data requirements make it necessary, a 28-channel system may operate on only one
parity channel by combining the parity sums of the two bays. This results in lower overhead, but also in a lessening
in the degree of error correction.
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R ) Table 4-1. Typical Sync-Word Distribution (512-Bit Sync-to-Sync, 12 Data Channels Plus

8 s Master Channel and Parity Channel)

(=]

o SYNC-WINDOW BIT NUMBERS AND SOURCE OF DATA IN MASTER CHANNEL

)] CHANNEL

1-32 33-64 | 65-96 | 97-128 | 129-160 | 161-192 | 193-224 | 225-256 | 257-288 | 289-320 | 321-352 | 353-384 | 385-416 | 417-448 | 449-480 | 481-512
NGOTE (1) NOTE (1)
DATA 1 S 0 D
DATA 2 ] s ] 0
DATA 3 D D S D D
DATA 4 D > 0 s 0 0
DATA 5 D > s ] > 0
DATA 6 D 0 s D 0
MASTER (DATA FROM
CHANNEL NO.) 1 2 3 4 5 6 s 7 8 9 i0 1 12 13 NOTE (3)
DATA 7 D ] s D 0
DATA 8 D > D s ] D
DATA 9 D D S D > D
DATA 10 D D s 0 > B
DATA 11 D - D S D D
NOTE (4)
DATA 12/PARITY D = D S D 0
NOTE (4)
DATA 13/PARITY D ] $ D D
NOTES: L-0160

(1) S=syncwindow, D = data. A 32-bit sync window with a sync word in the last 16 bits is inserted. Then the CRC is inserted into the first 16 bits in channels
included in error correction.

(2)  If any channels are unused, or contain unsynchronized data, no sync word is recorded on the tape. Nonsignificant signals are recorded on the master track
during the periods that would normally be used for data transfer from these channels.

(3) Bits 449-512 on the master channel are used for auto-channel-select data and M48 (user) data.

(4) Parity may be recorded in channel 12 or 13, depending on configuration.



At the end of each sync cycle, the last two windows (for channels 14 and 15 in the master chan-
nel(s)) are not used for sync purposes. Part of this space is used to record 16 bits of internally generated informa-
tion used in the auto-channel select function (described below in paragraph 4-52). The remaining 48 bit spaces
are used (if desired) for the previously mentioned M48 data. The user can insert up to 48 bits of serial data for each
512-bit sync cycle. In the 28-track systems, both the master and slave master channels can accept M48 data.

4-38. CRC Generator/Inserter PWBA. The function of this PWBA is to and generate a 16-bit, binary
cyclic redundancy check (CRC) word. The circuit operates on the 480 bits of data between sync windows to
generate the CRC which is then inserted into the first 16 bits of the sync window of each channel.

4-39. Encoder PWBA. Theencoder PWBA encodes the output of the CRC generator PWBA, including
the master channel(s) and partiy channel(s). It uses a common clock for all channels. Up to fourteen channels can
be encoded by this circuit board. Encoding can be either M2 or Miller as selected at the mode select panel. Each
channel has a normal output and a calibrate (cal) output for electronics-to-electronics (E-E) mode tests. (E-E mode
bypasses analog electronics, head, and tape.) The E-E output is inhibited unless E-E is selected, and the normal
output is inhibited except in record mode.

4-40. Filter PWBA. Theencoded signals and auxiliary channels, if any are included, are next processed
through passive filters on the filter PWBA. A low-pass filter for each channel removes harmonics from the signals
to prevent possible intermodulation distortion between data and the high-frequency bias in the headdriver
PWBA's.

4-41. Headdriver PWBA. The headdriver housing is mounted on the back of the transport baseplate
assembly. This housing can be equipped with up to four 7-channel headdriver PWBA's that plug in from the front
of the transport. The signals applied to the record headdriver PWBA from the filter PWBA are mixed with
13.6 MHz bias. The outputs of these assemblies drive the record heads.

4-42. Reproduce Signal Processing

Figure 4-4 is a block diagram of the reproduce section of the HBbR-3000i. For systems having more
than 14 tracks, two BSB’s, two REP bays, and two DPB’s are required.

4-43. Reproduce Head Preamplifiers. \When data is being reproduced, it is detected by magnetic
reproduce heads. The low-level signals induced in the reproduce heads are processed by two preamplifier cir-
cuits. Preamplifier number 1 assemblies are mounted on the reproduce head assemblies. They convert the head
signals from tape to a differential output to the preamplifier number 2 assemblies, to minimize noise pickup. The
preamplifier number 2 assemblies are mounted in a housing on the back of the transport. They complete a 40 dB
amplification of the head signals and convert them to single-ended outputs which are cabled to the reproduce
amplifiers.

4-44. Direct Reproduce Amplifier PWBA. In the direct reproduce amplifiers, the signals are further
amplified and are equalized for best frequency response. Optimum equalization is different at different tape
speeds, so the direct reproduce amplifier has equalizers for seven speeds, covering the range from 1-7/8 to
120 IPS (nominal). The correct equalizer for any tape speed in the range is selected by the speed select push-
button. Phase correction is also applied.

4-45. Bit-Sync/Decoder PWBA. The equalized signals from the outputs of the reproduce amplifiers
are cabled to the bit-sync/decoder PWBA's in the BSB. These assemblies have three purposes:

a. To amplitude-limit the signals from the reproduce amplifiers
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b. To recover a clock from each channel of reproduce data
c. To decode reproduce data (i.e., from M2 to NRZ-L)

The reproduced signal from the direct reproduce PWBA's is passed through limiter circuits which
include threshold adjustments. Clock recovery is accomplished by phase-locking a VCO to the incoming data
transitions.

The resulting clock is used in the decoding circuitry to decode the incoming encoded datato NRZ-L.
The clock and NRZ-L data are output to the deskew circuitry.

4-46. Speed Encoder PWBA. This PWBA (not a plug-in) is mounted on the rear of the bay inter-
connect panel. The speed encoder circuit converts the speed select line made at the transport control panel into
a binary-coded-decimal (BCD) word that selects equalization in the reproduce amplifiers and dividers in the code
clock generator of the bit-synchronizers.

4-47. Master Control PWBA. The master control assembly supplies two DC voltages and VCO select
logic to each bit-sync/decoder assembly. The two voltages, one fixed, one adjustable, are used to set all VCO’s to
the correct static-center frequency. In the E-E mode, a pushbutton on the master control PWBA selects VCO1 or
VCO2, as required, for adjustment. In all other modes, the VC01/VCO2 selection is made on the MSB.

4-48. Cal #2 PWBA. The calibrator number 2 (cal # 2) board works in conjuction with cal #1, de-
scribed above, in testing the signal electronics system. Its function is to select the reproduce channel programmed
by the MSB CHANNEL SELECT switch and send it to the cal No. 1 PWBA.

4-49. Deskew PWBA. The outputs of the bit-sync/decoders (data and clock) are cabled to the deskew
electronics in the DPB. The deskew electronics consist of one master deskew assembly, plus slave deskew as-
semblies for the associated data channels. The slave deskew assemblies include two channels each: one deskew
circuit for an odd channel, and one for an even channel. The master channel provides clocks to control the deskew
process in the slave assemblies. The deskew electronics realign the data, bit by bit, before error detection and
correction take place. The master deskew PWBA also includes circuits which divide the master-channel bit-sync
clock and the parallel clock to form a reference and comparison signal for the capstan servo. On 28-track systems,
a slave master deskew PWBA is used in the second DPB to perform the same functions as the master deskew
PWBA., but is synchronized with the master deskew PWBA, and does not include the capstan reference gener-
ation circuitry.

4-50. 512-Bit Delay and Error Detector PWBA. To permit the correction of errors, the data is de-
layed for 512-bit periods (i.e., until after error detection). The actual error detection makes use of the CRC inserted
in the first 16 bits of the sync window to detect if an error occurred within the previous 480-bit data block. De-
tected errors are used to generate flags for each channel, one of which is used by the error corrector and one of
which is used as a monitor signal. The M48 data is made available for transfer into user registers by circuits on the
512-bit delay PWBA.

4-51. Error Corrector/Data Reinsertion PWBA. The error corrector/data reinsertion PWBA (error
corrector) has four main functions:

e To determine if one and only one track has error(s) on it.

e To correct the error(s), if they are present.
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e To recombine the data from the master channel with the appropriate data channels.
e To output parallel data.

Channel selection for error correction can be made either by the DIP switches on the front of the
PWBA or by the auto-channel-select PWBA. The auto-channel-select board can select automatic or manual
mode. In automatic mode the DIP switches are disabled, and the format read from the tape is used to select the
active ECC channels. The error correction circuit does a parity check of all the ECC data channels, portions of the
master channel and the parity channel. If no error exists, as determined by the flags. no further action is taken. If
only one channel has an error, its data is corrected. If two or more channels have errors, correction is inhibited
during the time the detected flags overlap.

Parallel data outputs are taken from this PWBA. In a parallel system, these outputs are interfaced
to external equipment. In serial systems, they are sent on to the parallel-to-serial converter.

4-52. Auto Channel Selector PWBA. The auto channel selector contains logic for decoding the
channel-select information inserted in the first half of the channel 14 sync window in the master channel during
recording. When this PWBA is included and is in auto mode, it uses this information to generate signals which
drive the channel-select circuits on the error-corrector PWBA. A series of LED's on the front edge of the card
indicate the channels which are selected for error correction.

4-53. Parallel-to-Serial Converter PWBA. In serial systems, the parallel-to-serial converter PWBA
reassembles the data into its original serial form. The divide-by-N switches on the serial-to-parallel PWBA de