MICROFORMATTER ADDENDUM



FOREWORD

This addendum is designed to be used in conjunction with Pertec Peripherals Corporation

(PPC™) tape drive models T6000, T7000, T8000, T9000, and T1000 having microformatter
capabilities.

The document describes the theory of operation, interface specifications, installation and
interface connections. Also described is the Power Supply 1l PCBA.

Revision F, January 1984 FT.“
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SECTION |
GENERAL DESCRIPTION AND SPECIFICATIONS

1.1 INTRODUCTION

This section provides the physical description, functional description and specifications
for the NRZI, PE, and Dual (PE/NRZI) Microformatters manufactured by Pertec Peripherals
Corporation (PPC™), Chatsworth, California.

1.2 PURPOSE OF EQUIPMENT

The microformatter, in conjunction with a companion PPC tape drive, enables the
generation and decoding of ANSI and IBM compatible, 9-track, NRZI (800 cpi) and PE (1600
cpi) tapes. All timing and control necessary for the recording and reproduction of NRZ! or
PE data are provided by the microformatter.

Model numbers for microformatted systems are given in Table 1-1. The system is
comprised of a PPC tape drive and an internally mounted microformatter.

1.3 PHYSICAL DESCRIPTION

The Microformatter PCBA is mounted within the tape drive as illustrated in Section Il of
the companion Operating and Service Manual. An additional 5-volt regulator is added to
the drive to supply voltage to the Microformatter PCBA. The interface signals from the
customer’s controller are connected to the Microformatter PCBA via edge connectors.

Table 1-1
Microformatted Systems
Data Format Data Format Drive
Drive Formatter Tape Speeds Available
PPC
Model No. PE/ PE/
PE NRZI| NRZI PE NRZI | NRZI | 125 | 18.75 25 37.5 45 75 112.5 125

FT6840-9F X X X X X X X
FT6640-9F X X X X X X X
FT6840-9DF X X X X X X X
FT6640-9DF X X X X X X X
FT6640-98DF X X X X X X X
FT7840-9F X X X X X
FT7640-9F X X X X X
FT7640-90F X X X X X
FT8840A-9F X X X X X X X
FT8640A-9F X X X X X X X
FT8840A-9DF X X X X X X X
FT8640A-9DF X X X X X X X
FT8640A-98DF X X X X X X
FT9840-9F X X ’ X X X
FT9640-9F X X X X X
FT9840-8DF X X X X X
FT9640-9DF X X X X X
FT9640-98DF X X X X X
FT1640-98DF X X X X X

149
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1.4 FUNCTIONAL DESCRIPTION

All logic and functions associated with the reading and writing of 9-channel NRZI or PE
ANSI and IBM compatible tape are contained in the microformatter.

For NRZI operation, all logic for the generation of the initial gap, Inter-Block Gaps (IBGs),
and file mark gaps is provided, in addition to the logic necessary to record data on tape.
The logic for complete data recovery (including buffering, error and file mark detection) is
also provided. :

The NRZI functions of the microformatter include the following:
(1) Compatibility with drives having either single- or dual-stack heads.
(2) Provision for fixed and variable length erase commands.

(3) Facility for the generation of special commands for editing previously recorded
tapes.

(4) Facility for internal or external parity.

For PE operation, all logic for the generation of the preamble, postamble, PE data, and file
mark is provided, in addition to the logic necessary to record data on tape. The logic for
complete data recovery (including data decoding, buffering, error and file mark detection,
and error correction) is also provided.

The PE functions of the microformatter include the following:

(1) All timing necessary for the generation of IBM compatible IBGs and for correct
head positioning between records.

(2) Compatibility with drives having either single- or dual-stack heads.

(3) Automatic recording of a PE identification burst prior to recording the first record
on a tape.

(4) Automatic testing for the PE identification burst when reading the first record on a
tape.

(5) Provision for fixed and variable length erase commands.

(6) Facility for the generation of special commands for editing previously recorded
tapes.

Two microformatters may be daisy-chained to a controller and up to four drives may be

daisy-chained to a microformatter. Figure 1-1 illustrates a system configuration of eight
drives, two of which are microformatted drives.

FT1-2
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L
MICROFORMATTER INTERCONNECT
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DRIVE NO. | NOTE 1,3,5
INTERCONNECT |~
DRIVE NO. 2 c
NOTE 1,2,3,5 DRIVE
DAISY CHAIN
CABLES
INTERCONNECT
DRIVE NO. 3 £
NOTE1,2,3,5
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NOTES:
1 THESE INTERCONNECT E PCBAS ARE DC PCBAS WHEN 4
USED WITH 77000 DRIVES ONLY.
2. THESE INTERCONNECT E PCBAS ARE MTA 11 WHEN USED 5

WITH T6000, T8000 AND T9000 DRIVES THAT DO

NOT HAVE MICROFORMATTER CAPABILITY.

THESE INTERCONNECT E PCBAS ARE NOT REQUIRED
WHEN USED WITH T1000 DRIVES

T~

INTERCONNECT MICROFORMATTER
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3019

Figure 1-1. Typical System Configuration
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SECTION i
INSTALLATION AND INTERFACE CONNECTION

2.1 INTRODUCTION

This section contains a summary of the physical interface connections for the micro-
formatter. Also given are the configuration requirements of master and slave drives when
used in a daisy-chain configuration.

2.2 INTERFACE ELECTRICAL SPECIFICATIONS

Levels: True = Low = Qv to +0.4v dc
False = High = +3vdc

Pulses: Levels as above. Minimum pulsewidth is 1 microsecond.

The interface circuits are designed so that an open circuit results in a high signal.
Figure 2-1 shows the configuration of the drivers and receivers between the controller and
microformatter.

2.3 POWER SPECIFICATIONS

The power consumption of the Microformatter PCBA and the + 5 volt regulator is 60 watts
(maximum). This consumption is in addition to the drive power requirements listed in
Section | of the companion drive manual.

2.4 INTERFACE CONNECTIONS

Two 50-lead flat cables (3M 3365-50 or equivalent) are required for the microformatter to
controller interface. This interface is given in Table 2-1. These two cables connect directly
to P4 and P5 on the Microformatter PCBA. The two 50-lead flat cables are not supplied by
PPC. Two edge connectors are required and will be supplied by PPC upon request at no
charge. Edge connector part numbers are: PPC P/N 503-0147; 3M P/N 3415.

CUSTOMER CONTROLLER PPC MICROFORMATTER
+5V
%‘ 220
H s OR | FT ] O EQUIVALENT
EQUIVALENT | == - 33092
5V
VT =
LOAD & 2208
SN74L:<' - - $N7438
OR EQUIVALENT 33002 + =+ OR EQUIVALENT
NOTE: NO MORE THAN 1 TTL LOAD SHOULD BE DRIVEN BY
JNTERFACE SIGNALS TO THE CONTROLLER. 3020

Figure 2-1. Driver/Receiver Interface Configuration
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To connect the interface, the following must be considered.

(1) When connecting a controller to a single microformatter, the length of cable
should be limited to 12.2 m (40 feet).

(2) When two microformatters are connected in a daisy-chain configuration to a
controller, the total cable length should be limited to 12.2 m (40 feet). There should
be no more than 1.5 m (5 feet) of cable between the two microformatters, although
this distance may be increased to 6.1 m (20 feet) if a 220/330 ohm DIP terminator
for each microformatter to controller interface signal is installed within 305 mm
(12 inches) of the last microformatter in the daisy-chain.

. Table 2-1
Controller/Microformatter Interface Lines
Microformatter Microformatter
P4/P5 . P4/P5 .

Signal Signal

Live Return (Controlter to Microformatter) Live Return (Microformatter to Controller)
Pin Pin Pin Pin
P5-48 P5-47 FORMATTER ADDRESS (IFAD) P4-2 P4-1 FORMATTER BUSY (IFBY)
P4-46 P4-45 TRANSPORT ADDRESS (ITADO) P5-38 P5-37 DATA BUSY (IDBY)
P5-46 P5-45 TRANSPORT ADDRESS (ITAD1) P5-16 P5-15 CHECK CHARACTER GATE (ICCG)*
P4-8 P4-7 INITIATE COMMAND (IGO) P5-16 P5-15 IDENTIFICATION (IDENT)*
P4-18 P4-17 REVERSE/IFORWARD (IREV) P5-12 P5-11 HARD ERROR (IHER)
P4-34 P4.33 WRITE/READ (IWRT) P5-14 P5-13 FILE MARK (IFMK)
P4-42 P4-41 WRITE FILE MARK (IWFM) P5-28 P5-27 READY (IRDY)
P4-38 P4.37 EDIT (IEDIT)"* P5-44 P5-43 ON-LINE (IONL)
P4-40 P4-39 ERASE (IERASE) P5-30 P5-29 REWINDING (IRWD)
P4-44 P4-43 READ THRESHOLD 1 (IRTH1) P5-32 P5-31 FILE PROTECT (IFPT)
P4-36 P4.35 READ THRESHOLD 2 (IRTH2) P5-4 P5-5 LOAD POINT {ILDP)
P5-50 P5-49 DENSITY SELECT (IDEN) P5-22 P5-21 END OF TAPE (IEOT)
P4-20 P4-19 REWIND (IREW) P5-26 P5-25 NRZI (INRZ)
P5-24 P5-23 OFF-LINE (IOFL) P4-14 P4-13 SINGLE (ISGL)
P4-4 P4-3 LAST WORD (ILWD) P5-40 P5-39 SPEED (ISPEED)
P5-18 P5-17 FORMATTER ENABLE (IFEN) P5-36 P5-35 WRITE STROBE (IWSTR)
P4-22 P4-21 WRITE DATA PARITY (IWP) P5-34 P5-33 READ STROBE (IRSTR)
P4-10 P4-9 WRITE DATA 0 (IW0) P5-1 P5-5 READ DATA PARITY (IRP)
P4-12 P4-11 WRITE DATA 1 (IW1) P5-2 P5-5 READ DATA 0 (IR0)
P4-30 P4-21 WRITE DATA 2 (IW2) P5-3 P5-5 READ DATA 1 (IR1)
P4-26 P4-25 WRITE DATA 3 (IW3) P4-48 P4-47 READ DATA 2 (IR2)
P4-6 P45 WRITE DATA 4 (IW4) P4-50 P4-49 READ DATA 3 (IR3)
P4-32 P4-31 WRITE DATA 5 (IW5) P5-6 P5-5 READ DATA 4 (IR4)
P4-28 P4-27 WRITE DATA 6 (IW6) P5-20 P5-19 READ DATA 5 (IR5)
P4-24 P4-23 WRITE DATA 7 (IW7) P5-10 P5-9 READ DATA 6 (IR6)
P4-16 P4-15 LOAD ON LINE (ILOL) P5-8 P5-7 READ DATA 7 (IR7)
P5-42 P5-41 CORRECTED ERROR (ICER)
*ICCG and IDENT line shared by NRZI and PE.

**Not applicable to FT1000.

FT2-2
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2.5 DAISY-CHAIN CONNECTIONS

Three 34-lead flat cables (3M 3365-34 or equivalent) are required for the drive daisy-chain
interface.

When one, two, or three slave drives are daisy-chained to a master drive, the
interconnecting cables may be 12.2 m (40 feet) maximum length. These three cables
connect to J11, J12, and J13 of the Cable Adapter (DC) PCBAs when used with the FT7000
series drives. These cables connect to the Interconnect E PCBA when used with FT6000,
FT8000, and FT9000 series drives. When used with the FT1000 model, the cables connect
to the Interconnect D or D1 PCBA.

To ensure proper operation, terminators are required on the last Cable Adapter PCBA
(FT7000) or Interconnect E PCBA (FT6000, FT8000, and FT9000) in a daisy chain. In
addition, connector P5 must be disconnected from J5 on the Interconnect E PCBA on all
slave drives.

The Cable Adapter (DC) PCBAs are shown in Figure 2-2 and the Interconnect E PCBA is
shown in Figure 2-3. When using the microformatter with an FT1000 model, refer to
Figure 2-4 and the companion Operating and Service Manual for the description of the
Interconnect D or D1 PCBA. The daisy-chain interface is described in Table 2-2.

2.5.1 T7000 DAISY-CHAIN

When connecting the Cable Adapter (DC) PCBAs to a T7000, Cable Adapter | (DC) connects
to J101 of the Tape Control PCBA, Cable Adapter Il (DC) connects to J102 of the Data
PCBA, and Cable Adapter Ill (D?) connects to J103 of the Data PCBA. Refer to
Paragraph 2.5.4 for configurations and to Table 2-3 for details of the cable assembly used
for these connections.

The three flat cables referred to in Paragraph 2.5 connect to:
(1) P1 of the Microformatter PCBA and J11 of Cable Adapter |l (DC) PCBA.
(2) P2 of the Microformatter PCBA and J12 of Cable Adapter i (DC) PCBA.
(3) P3 of the Microformatter PCBA and J13 of Cable Adapter Ill (DC) PCBA.

2.5.2 T6000, T8O0O OR T9000 DAISY-CHAIN

When connecting the Interconnect E PCBA to a T6000, T8000, or T9000, J101 of the
Interconnect E PCBA connects to J101 of the Tape Control PCBA, J102 and J103 of the
Interconnect E PCBA connects to J102 and J103 of the Data PCBA, and J1, J2, and J3 of
the Interconnect E PCBA connect to P1, P2, and P3 of the Microformatter PCBA. Refer to
Paragraph 2.5.4 for configurations.

One end of the three flat cables referred to in Paragraph 2.5 connect to J11,J12, and J13 of
the Interconnect E PCBA, the other ends connect to the remaining drives in the daisy-
chain. Refer to Table 2-4 for details of the cable assembly used for these connections.

2.5.3 T1000 DAISY-CHAIN

When daisy chaining T1000 Drives, connectors J201, J202, and J203 of the Interconnect D
or D1 PCBA are used. Refer to Table 2-4 for details of the cable assembly used for these
connections.
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Figure 2-2. Cable Adapter (DC) PCBAs
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Table 2-2(A)
Control Signals, Drive/Cable Adapter |, Interconnect D or D1, or Interconnect E

Cable Adapter
Drive (DC1) J11 or Inter-
J101 cog$$885,JJ21011 or Signal
Live Return Live Return
1 2 17 — LOAD ON LINE (ILOL)
A 8 16 — WRITE AMPLIFIER RESET #2 (IWARS2)
B 2 15 33 OVERWRITE (IOVW)
C 3 14 32 SYNCHRONOUS FORWARD COMMAND (ISFC)
D 4 13 31 DATA DENSITY SELECT (IDDS)
E 5 12 30 SYNCHRONOUS REVERSE COMMAND (ISRC)
F 6 11 29 DATA DENSITY INDICATOR (IDD1})
H 7 10 28 REWIND COMMAND (IRWC)
K 9 8 26 SET WRITE STATUS (ISWS)
L 10 7 25 OFF-LINE COMMAND (IOFC)YREWIND UNLOAD (IRWU)*
M 11 6 24 ON-LINE (IONL)
N 12 5 23 REWIND (IRWD)
P 13 4 22 FILE PROTECT (IFPT)
R 14 3 21 LOAD POINT (ILDP)
T 16 19 20 READY (IRDY)
U 17 2 34 END OF TAPE (IEOT)
J 8 9 27 SELECT 0 (ISLTO)**
— —_ 1 — POWER SUPPLY ENABLE (IPSEN)

*REWIND UNLOAD applies to FT9000 and FT1000.
**Provided through Select Switch.
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254 OTHER CONFIGURATIONS

To daisy-chain a Model FT7000 to T7000 models, both the master and slave drives require
the Cable Adapter (DC) PCBA, Figure 2-2. In order to daisy-chain a model FT7000 to T6000
and/or T8000 models, the master drive requires the Cable Adapter (DC) PCBAs and the
slave drives require an MTA Il. Refer to PPC Operating and Service Manual No. 103920
for details of the MTA II.

NOTE

When T7000 drives are daisy-chained, the Cable Adapter
(DC) PCBAs must be used.

When daisy-chaining a model FT6000, FT8000, or FT9000 to either T6000, T8000, or T9000
models, the master drive requires an Interconnect E PCBA (see Figure 2-3) and the slave
drives require an MTA 1.

To daisy-chain the model FT1000 to T1000 models, no adapters are required. When daisy-
chaining a model FT1000 to T6000, T8000, or T9000 models, the slave drives require an
MTA Il ,

Units having different tape speeds may be daisy-chained only if the tape speeds are related
by a factor of two. For example, a 25 ips machine can be daisy-chained only with another 25
ips unit or a 12.5 ips unit. In any case, the microformatter must be set for the higher of the
two speeds.
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Table 2-2(B)

Write Signals, Drive/Cable Adapter I, Interconnect D or D1,

or Interconnect E

Cable Adapter
Drive (DCII) J12 or Inter-
oz cogﬁgéo!:j’f;ozzor Signal
Live Return Live Return

A 1 34 2 WRITE DATA STROBE (IWDS)
C 3 32 4 WRITE AMPLIFIER RESET (IWARS)
F 6 29 7 READ THRESHOLD 2 (IRTH2)*
L 10 25 . 11 WRITE DATA PARITY (IWDP)
M 11 24 12 WRITE DATA 0 (IWDO)
N 12 23 13 WRITE DATA 1 (IWD1)
P 13 22 14 WRITE DATA 2 (IWD2)
R 14 21 15 WRITE DATA 3 (IWD3)
S 15 20 16 WRITE DATA 4 (IWD4)
T 16 19 17 WRITE DATA 5 (IWD5)
U 17 18 — WRITE DATA 6 (IWD6)
\" 18 1 — WRITE DATA 7 (IWD7)
— — 33 2 SELECT 1 (ISLT1)**
— — 31 5 SELECT 2 (ISLT2)**
- — 28 8 SELECT 3 (ISLT3)**
— — 26 10 TACHOMETER (ITACH)***

*Not applicable to FT7000.
**Provided through Select Switch.
***Applicable to FT9000 and FT1000 only.
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Table 2-2(C)

Read Signals, Drive/Cable Adapter IlI,
Interconnect D or D1, or Interconnect E

Cable Adapter
Drive (DCIII) J13 or Inter-
J103 COE'??S:JOE,'JJ;O%W Signal
Live Return Live Return
1 A 34 2 READ DATA PARITY (IRDP)
2 B 33 3 READ DATA STROBE (IRDS)'
3 C 32 4 READ DATA 0 (IRDO)
4 D 31 5 READ DATA 1 (IRD1)
8 J 27 7 READ DATA 2 (IRD2)
9 K 26 8 READ DATA 3 (IRD3)
10 L 25 9 NRZI (INRZ)?
12 N 23 6 SINGLE (ISGL)>®
13 p 22 14 SPEED (ISPDY?
14 R 21 15 READ DATA 4 (IRD4)
15 S 20 16 READ DATA 5 (IRD5)
17 u 18 — READ DATA 6 (IRD6)
18 Vv 1 —_ READ DATA 7 (IRD7)
NOTES:

1. Relevant to NRZI operation only.
2. Not applicable to FT7000.
3. Not applicable to FT1000.
4. The following pins provide +5v from the microformatter to the dc assemblies.

J11* J13* J201/J204** J203**
18 11, 28 18 11, 28
12,29 12,29

13, 30 13, 30

“FT6000, FT7000, FT8000, and FT9000

**FT1000 only.

FT29
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Table 2-3
FT7000 Daisy Chain Cable Assemblies

Cable Lengths

Max. No. mm (inches) Part No.(s)
of Units Required
Ad Bﬁ * CQ * Dt *
1 0.25 (10) 107647-01
0.43 (17) 107647-02
0.70 (27.5) 107647-03
2 0.25 (10) 1.52 (60) 107647-04***
0.43 (17) 1.52 (60)
0.70 (27.5) 1.52 (60)
4 0.25 (10) 1.52 (60) 3.04 (120) 1.52 (60) 107647-04***
0.43 (17) 1.52 (60) 3.04 (120) 1.52 (60)
0.70 (27.5) 1.52 (60) 3.04 (120) 1.52 (60)
*Microformatter to DC PCBAs in first unit.
**DC PCBAs to DC PCBAs.
***Includes the three required cables.
Table 2-4
FT6000/FT8000/FT9000/FT1000
Daisy Chain Cable Assemblies
Cable Lengths
Max. No. m (feet) Cable
of Units Part No.
A * B‘ * ) Ci L Di *
2 1.52 (5) 103936-01
2 3.04 (10) 103936-02
4 1.52 (5) 3.04 (10) 1.52 (5) 103936-03
4 3.04 (10) 3.04 (10) 3.04 (10) 103936-04
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SECTION Ii}
OPERATION

3.1 INTRODUCTION

This section contains the basic microformatter operation and a detailed definition of the
microformatter to controller interface lines.

3.2 BASIC OPERATION

The microformatter is capable of executing the commands necessary to enable the modes
of operation described in the following paragraphs. All commands, with the exception of
Rewind, Off Line and Load On Line, are executed by sampling the logic states of the
interface lines as given in Table 3-1. Rewind, Off Line, and Load On Line commands are
executed directly from the interface without combination.

Refer to Table 3-1 in conjunction with the following command descriptions.

3.2.1 READ FORWARD

The Read Forward command causes tape on the selected unit to be accelerated to the
normal drive operating speed. The microformatter reads the first record of data
encountered and then decelerates the tape to a stop. The microformatter generates the
delays necessary for proper positioning of the drive read head in the Inter-Block Gap (IBG).
It is possible to read the next record on tape by supplying a new Read Forward command
to the microformatter prior to the completion of the tape deceleration, thereby improving
the access time to the next record by as much as one ramp time. This is referred to as on
the fly operation.

Table 3-1
Microformatter Commands
Command IREV IWRT IWFM IEDIT* IERASE
Read Forward F F F F F
Read Reverse (Normal) T F F F F
Read Reverse (Edit)* T F F T F
Write F T F F F
Edit* F T F T F
Write File Mark F T T F F
Erase (Variable Length) F T F F T
Erase (Fixed Length) F T T F T
Space Forward F F F F T
Space Reverse T F F F T
File Mark Search Forward F F T F F
Flle Mark Search Reverse T F T F F
File Mark Search Forward F F T F T
(lgnore data)
File Mark Search Reverse T F T F T
(Ignore data)
NOTES:
1. T = True, F = Faise
2. *Not applicable to FT1000

149
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3.2.2 READ REVERSE

The Read Reverse command is similar to a Read Forward command except that tape
motion is in the reverse direction. Records may also be read in reverse on the fly. During
any reverse operation, the microformatter always resets to the quiescent state when the
BOT signal is present. A Read Reverse command may be modified to position the head
further back in the gap after reading a record. This change in position of the head is to
facilitate the editing of a record, and is done by the microformatter in response to an Edit
command. Details of the Edit command are contained in Paragraph 3.2.4.

3.2.3 WRITE

When executing a Write command, the microformatter accelerates tape and, after the
appropriate pre-record delay time, begins to transfer data from the controller to the drive.
The process continues until a LAST WORD (ILWD) is received from the controller. The tape
will continue to move forward until the record has been read by the read head, then the
tape will be decelerated to a stop with the write head properly located in the center of the
IBG. Consecutive records may be written on the fly.

3.24 EDIT

Edit operations are similar to Write operations except that the write current is switched off
slowly at the end of an edit sequence to minimize the possibility of recording a glitch on
tape. For proper head positioning, Edit commands should be preceded by a Read Reverse
(Edit) command.

3.2.5 WRITE FILE MARK

The Write File Mark command causes a file mark to be written on tape; Paragraphs 3.4.6
and 3.5.5 provide details of the Write File Mark command for PE Format and NRZI Format,
respectively.

3.2.6 ERASE (VARIABLE LENGTH)

The Erase (Variable Length) command causes tape to be moved in the forward direction
with erase current on. An ILWD signal from the controller terminates the erase operation. it
should be noted that in the PE mode, the ID burst will not be erased when an Erase
command is given from BOT.

3.2.7 ERASE (FIXED LENGTH)

The Erase (Fixed Length) command causes a 102 mm (4 inch) length of tape to be erased.
This command is always executed while moving tape in the forward direction.

3.2.8 SPACE FORWARD

The Space Forward command is similar to a Read Forward command except that no READ
STROBE (IRSTR) signals are supplied to the controller. Although error checking is not
performed, a test is made to determine if the record spaced over was a File Mark.

3.2.9 SPACE REVERSE

The Space Reverse command is similar to a Read Reverse command except that no READ
STROBE (IRSTR) signals are supplied to the controller. Although error checking is not
performed, a test is made to determine if the record spaced over was a File Mark.
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3.2.10 FILE MARK SEARCH FORWARD

A File Mark Search Forward command causes the drive to execute a series of Read
Forward commands while in the on the fly mode of operation. This series is terminated by
the recognition of either a File Mark character or the EOT tab. Tape is stopped following
the reading of a File Mark in a manner similar to terminating a normal Read operation. If the
EOT tab is encountered during a File Mark Search operation, the operation will terminate
and tape will be stopped at the end of the record currently being processed. The File Mark
Search Forward command may be combined with a Space Forward command, thereby
preventing IRSTR, ICER and IHER signals from being presented at the Microformatter to
Controller Interface.

3.2.11 FILE MARK SEARCH REVERSE

The File Mark Search Reverse command causes the drive to execute a series of Read
Reverse commands while in the on the fly mode of operation. This series is terminated by
the recognition of either a File Mark character or the EOT tab. The tape is stopped after
reading a File Mark in a manner similar to terminating a normal Read operation. If the EOT
tab is encountered during a File Mark Search operation, the operation is terminated and
tape will be stopped at the end of the record currently being processed. The File Mark
Search Reverse command may be combined with a Space Reverse command, thereby
preventing IRSTR, ICER and IHER signals from being presented at the Microformatter to
Controller Interface.

3.2.12 REWIND

The Rewind command causes the unit to rewind to BOT. In systems where more than one
unit is daisy-chained, it is possible to rewind several drives while transferring data to or
from another unit in the chain.

3.2.13 OFF-LINE

The Off-Line command places the drive under local control. Only the selected unit is
placed off-line in daisy-chained systems. In some tape drives (e.g., T9000 series), this
command causes the tape unit to perform a Rewind/Unload operation.

3.2.14 LOAD-ON-LINE
The Load-On-Line command enables a remote load sequence.

3.3 GAP GENERATION

3.3.1 INTER-BLOCK GAP GENERATION

The microformatter provides timing to generate the necessary 15.2 mm (0.6-inch) gap
between data blocks. Longer gaps can be generated by using the Erase command.

3.3.2 INITIAL GAP

When writing in the NRZI format, the first data record is written approximately 89 mm
(3.5 inches) down tape from the trailing edge of the BOT tab. In the PE format, the gap
follows the ID burst. '

3.3.3 FILE MARK GAP

A File Mark will be preceded by a gap of approximately 102 mm (4 inches) of tape and
followed by a normal IBG.
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3.4 PHASE ENCODED FORMAT

The following features apply only to PE and dual format drives. These models write tapes
in accordance with ANSI Specification No. X3.39-1973 for 1600 cpi 9-track recording.

3.4.1 DATA
Phase Encoded (PE) data are characterized as follows.

(1) A 0 bit corresponds to a transition in the middle of the bit cell away from the erase
direction of magnetization. When writing, this corresponds to a high-to-low
transition at the microformatter output to the drive.

(2) A 1 bit corresponds to a transition in the middle of the bit cell toward the erase
direction of magnetization. When writing, this corresponds to a low-to-high
transition at the microformatter output to the drive.

(3) In the case of successive 0 bits or successive 1 bits, an additional transition is
required at the cell boundary. This transition is referred to as the phase transition
and is in the opposite direction from that of the data transition.

3.42 PREAMBLE

The preamble is a burst of forty 0 bits and a 1 bit in all nine tracks at the beginning of each
record. When reading, the microformatter tracking circuit uses this burst to synchronize
the decoding circuits. The detection of the 1 bit indicates the beginning of the data field.

3.4.3 DATA FIELD

The data field is written with data and phase transitions as defined in Paragraph 3.4.1. The
length of the data field may be a minimum of 18 characters and a maximum of
2,048 characters, in accordance with the ANSI specification. The microformatter is
capable of writing and reading records of a minimum of three characters. There is no
hardware limitation to the maximum number of data characters that may be included in a
single data record.

3.44 POSTAMBLE

The postamble is comprised of a single 1 bit and a burst of forty 0 bits at the end of the
record. The postamble provides a means of synchronization when reading tape in the
reverse direction. The microformatter interprets a 1 bit and two consecutive 0 bits in all
tracks as being a valid postamble.

3.45 PARITY

When writing, the data in the parity data track are generated by the microformatter in such
a way as to provide odd parity for all characters in the data field. An external parity
generator may also be used.

3.4.6 FILE MARK

When a Write File Mark command is executed, the microformatter generates the file mark
gap and then generates a File Mark consisting of 256 flux reversals at 3200 frpi in Channels
P, 0, 2, 5, 6, and 7. Channels 1, 3, and 4, are dc-erased.

When reading, the microformatter will recognize a File Mark if there are at least 64 flux

reversals in Channels 2, 6, and 7 with Channels 1, 3, and 4 dc-erased. Channels P, 0, and 5
are ignored for this test.
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3.4.7 |IDENTIFICATION BURST

When performing a Write command from BOT, the microformatter writes an ANSI and IBM
compatible identification (ID) burst consisting of a sequence of 1600 frpi flux reversals in
Channel P, with all other tracks dc-erased. To write this 1D Burst properly, a Write
command from BOT should not be preceded by any Reverse command except Rewind.

In the Read mode, the microformatter samples the output of Channel P as the BOT tab
traverses the read head. If an ID burst is detected, the IDENT interface line is pulsed.

3.4.8 DROPOUT AND ERROR CORRECTION

A dropout is detected by the microformatter for a particular track if no data are present on
that track for more than one and one-fourth bit cell times. This test is made after
approximately twenty 0 bits of the preamble have been read in each track. If only one of the
nine tracks has a dropout detected in the microformatter, the microformatter will correct
this track by using the odd parity nature of the data in conjunction with the single track
dropout indication.

If a dropout of more than one track is indicated by the microformatter, data are invalid and
the command is immediately terminated. Tape motion is not stopped until the end of the
record is found.

3.4.9 DESKEW OF READ DATA

As data are read from tape, the data transitions corresponding to bits of a specific
character may arrive at the microformatter at different times, due to the skewed
relationship of the nine data tracks. Data may be skewed as much as 2.9 characters and
still be deskewed properly to be presented at the controller interface.

3.410 ERROR DETECTION

If the data read back from the tape shows even parity for a particular data character with no
track dropout indication, an error indication is provided during the transfer of that specific
character to the controller. The command is not aborted. The microformatter continues
execution of the current command, provided that none of the following errors occur. If one
of these errors is detected, the command is aborted and the microformatter will search for
the IBG.

(1) A 1 bit is detected in either the preamble or postamble.

(2) An overflow condition is detected in the deskew buffer, indicating excessive tape
skew, i.e., greater than 2.9 characters.

(3) One or more channels fails to detect the 1 bit at the end of the preamble.
(4) A false postamble is detected in the middle of the record.
(5) A dropout indication is generated for two or more channeis.

3.4.11 TRACKING OSCILLATOR

When reading PE data, a tracking oscillator is used to decode data. This oscillator follows
the long-term and short-term speed variation of the data being read. The characteristics of
the oscillator are such that any PE tape that complies with the ANSI specification may be
read by any PPC Microformatter/Drive PE tape system.
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3.4.12 RECORD RECOGNITION

When a Read command is given to the microformatter, tape is ramped up to nominal speed
and the microformatter searches for the preamble of a data record. Channels 2,0, 4,and 5
inclusive are monitored. A valid preamble is declared if data are present on Channels 2, 0,
4, or 5 inclusive continuously for 10 character times.

If data are present on Channels 2, 0, 4, or 5 continuously for a time period less than 10
character times, the microformatter will assume that the few data pulses received were
due to erroneous flux transitions occurring prior to the actual data record, and the
microformatter will continue to search for the data record. '

Once a valid record has been recognized at 10 character times into the preamble, any loss
of data (as determined from Channels 2, 0, 4, and 5) results in the microformatter stopping
tape motion. This is due to either the loss of data in these four channels or the valid end of
the data record. The data loss must be continuous for greater than 22 character times for
tape motion to stop.

3.5 NRZI FORMAT

The following NRZI Format description applies to all NRZI and dual format models. The
data format described is consistent with ANS! Specification X3.22-1973 for 9-track, 800 cpi
NRZ! recording.

3.5.1 DATA
NRZI data are characterized as follows.

(1) A 1 bit corresponds to a flux transition in the center of the bit cell on tape. This
corresponds to a logic true (1) on the WRITE DATA interface line to the drive
during a Write operation.

(2) A 0 bit corresponds to a lack of any flux transition on tape or a logic false (0) on the
WRITE DATA interface line to the drive during a Write operation.

3.5.2 DATA RECORD

A record of NRZI data may contain between 18 and 2048 ASCII characters. This is in
accordance with the ANSI specification for 800 cpi 9-track recording. The microformatter
is capable of writing and reading records of a minimum of three characters. There is no
hardware limitation to the maximum number of data characters that may be included in a
record. Channel P on tape is written to provide odd parity for all data characters. Nominal
spacing between characters is 31.75 micrometers (1250 microinches).

3.5.3 CYCLIC REDUNDANCY CHECK CHARACTER

The Cyclic Redundancy Check Character (CRCC) is written on tape after a four character
delay from the last data character. The CRCC is generated in accordance with the ANSI
specification for 800 cpi NRZI magnetic tape recording.

3.5.4 LONGITUDINAL REDUNDANCY CHECK CHARACTER

The Longitudinal Redundancy Check Character (LRCC) is written on tape after a four
character delay from the CRCC. The data in this character is such that the total number of
1 bits in a track (including the CRCC and LRCC) is even. The LRCC will never be an all-Os
character. The LRCC is generated by the reset of the write register in the tape drive. The
LRCC also serves to set the tape magnetization in the proper direction for IBG.
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3.5.5 FILE MARK

When executing a Write File Mark command, the microformatter generates a one-
character record. This single data character consists of a 1 bit in Channels 3,6,and7and a
0 bit in all other channels. The CRCC contains all 0s. The LRCC is equivalent to the single
data character.

The microformatter tests for the presence of the file mark pattern during every Read
operation. When this is detected, the IFMK interface line to the controller is pulsed and the
file mark characters are transmitted to the controller.

3.5.6 ERROR DETECTION

In the NRZI format, all deskewing functions during a Read operation are performed in the
tape drive. The microformatter receives a nine-bit word from the drive and relays this word
to the customer’s controller. A HARD ERROR (IHER) is generated by the microformatter if
any of the following read errors occur.

(1) A data character is read from tape containing even parity.

(2) A CRCC is read from tape containing even parity and the record contains an even
number of data characters.

(3) A CRCC is read from tape containing odd parity and the record contains an odd
number of data characters.

(4) Longitudinal parity on any track is odd.

(5) A track dropout occurs in such a way as to cause more than two check characters,
i.e., CRCC and LRCC, to be detected when the microformatter interprets the
dropout as an end-of-record condition.

It should be noted that all of the foregoing errors except (5) are checked during both Read
Forward and Read Reverse operations. The error described in (5) is checked only during
Read Forward operations.

3.6 CONTROLLER-TO-MICROFORMATTER INTERFACE

3.6.1 FORMATTER ADDRESS (IFAD)

This is a level which selects one of the two possible microformatters attached to the
controller to microformatter interface.

False = Address 0
True = Address 1
The microformatter’s address is predetermined by a switch on the Microformatter PCBA.

When selected, a microformatter is connected to the controller and all controller to
microformatter interface lines are activated. Unless otherwise noted, the description of all
other controller to microformatter lines will assume that the microformatter is selected,

3.6.2 TRANSPORT ADDRESS (ITADO, ITAD1)

The levels on these two lines select one of the four units which may be daisy-chained to
the microformatter. These lines are decoded by the microformatter and transmitted to the
microformatter to drive interface as follows.
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ITADO ITAD1 Address

False False ISLTO
False True ISLT1
True False ISLT2
True True ISLT3

3.6.3 INITIATE COMMAND (IGO)

This pulse initiates the commands given in Table 3-1. On the trailing edge of 1GO, the
command lines described in Paragraphs 3.5.4—3.6.8 are copied into the microformatter
and the FORMATTER BUSY signal (IFBY) is set low. IFBY is described in Paragraph 3.7.1.

3.6.4 REVERSE/FORWARD (IREV)

This signal specifies forward or reverse tape motion.
True = Reverse
False = Forward

3.6.5 WRITE/READ (IWRT)

This signal specifies the operation mode of the system.
True = Write
False = Read

3.6.6 WRITE FILE MARK (IWFM)

This pulse causes a Write File Mark to be written on the tape, if IWRT is also low during
this time.

3.6.7 EDIT (IEDIT)
The EDIT signal is employed in two ways: .

(1) Read reverse. Modifies the read reverse stop delay to optimize head positioning
when editing tapes.

(2) Write. The drive write current is turned off gradually at the end of the record, thus
preventing an adjacent data record from being erased.

3.6.8 ERASE (IERASE)

When the IERASE and IWRT signals are low, the microformatter is conditioned to perform
a dummy Write command. The microformatter goes through all the functions of a normal
Write operation except that no data are recorded. A length of tape is erased equivalent to
the length of the dummy record as defined by LAST WORD (ILWD) Paragraph 3.6.14.

Alternatively, if the IERASE, IWRT, and IWFM signals are low, the microformatter is
conditioned to perform a dummy Write File Mark operation. A fixed length of tape of
approximately 102 mm (4 inches) is erased.

The IERASE signal is also used to inhibit READ STROBE (IRST) during a space operation
(Space Forward or Space Reverse) (NSPC) or File Mark Search operation.

3.6.9 READ THRESHOLD LEVEL 2 (ITHR2)

This signal is used on units having a low read threshold capability and is normally made
true only when it is required to recover low amplitude data.

True = Low Threshold
False = Normal Threshold
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3.6.10 DENSITY SELECT (IDEN)

The IDEN signal is used only when dual format microformatters are used in conjunction
with drives equipped with PE or NRZ| format selection capability. The state of this line is
loaded into the microformatter with each INITIATE COMMAND (IGO).

True = 800 cpi (NRZI)
False = 1600 cpi (PE)

3.6.11 REWIND (IREW)

IREW is a pulse which causes the selected drive to rewind to Load Point, providing the unit
is Ready and On-Line. The pulse is routed directly to the drive and does not cause the
microformatter to become busy.

3.6.12 OFF-LINE (IOFL)

This pulse causes the selected drive to be placed in the Off-Line mode of operation. IOFL
is routed directly to the drive and does not cause the microformatter to become busy.

3.6.13 LAST WORD (ILWD)

During the execution of a Write command or an Erase (Variable Length) command, this
pulse is used to indicate that the next character to be strobed into the microformatter is
the last character of the record. The line will be set low by the controlier at the time the last
data character is set on the interface lines.

3.6.14 FORMATTER ENABLE (IFEN)

This is alevel which, when high, causes the microformatter to reset to the quiescent state.
The signal is not gated by IFAD, hence, if two microformatters are connected to the
interface, both will be simultaneously reset.

This line may be used to disable the microformatter if the controller power is lost, or, to
clear the microformatter logic.

3.6.15 WRITE DATA LINES (IW0—7)

These eight lines transmit write data from the controller to the microformatter. The eight
data bits appearing on WRITE DATA LINES (IW0—7) are written onto the corresponding
channels on tape. IW7 corresponds to the least significant bit of the character.

The first character of the data record should be available on these lines within one
character period after IDBY goes true and should remain true until the trailing edge of the
first IWSTR pulse issued by the microformatter. The next character of information must
then be set up in less than half a character period. Subsequent characters will be
processed in this way until ILWD is set low, indicating that the last character is being
transferred. Table 3-2 identifies these lines with regard to interface identification, ANSI
Track Number and binary weight.

3.6.16 WRITE DATA PARITY (IWP)

This line is used only when the external parity generation option is used. This option
requires the customer to generate odd parity on the eight data lines (IW0—7) and apply this
parity bit to IWP. Setup timing requirements for this line are consistent with requirements
for IWO—7. This line is ANSI track number 4.
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Table 3-2
Write Data Line Identification

Interface Line Tracl?:ﬁ:'nber Binary Weight
wo 7 27
w1 6 28
w2 5 28
w3 3 24
W4 9 28
w5 1 22
wé 8 2
w7 2 2°

3.6.17 LOAD-ON-LINE COMMAND (ILOL) (Optional)

The ILOL pulse, when low (1 second minimum width), can be given at any time after ac
power is applied to the drive. Tape is tensioned after the first ILOL pulse. When a second
ILOL pulse (1 microsecond minimum duration) is given, the drive goes into an On-Line
mode. The two pulses must be separated by at least 1 microsecond.

3.7 MICROFORMATTER-TO-CONTROLLER INTERFACE

3.7.1 FORMATTER BUSY (IFBY)

When a command is issued to the microformatter, FORMATTER BUSY (IFBY) goes low at
the trailing edge of IGO and remains low until tape motion ceases after execution of the
command. This signal may be used by the controller to inhibit further commands.

3.7.2 DATA BUSY (IDBY)

The IDBY signal goes low when the drive has reached operating speed, traversed the IBG,
and the microformatter is about to write data on the tape or read data from the tape. IDBY
remains low until the data transfer is finished and the appropriate post-record delay
completed. IDBY goes high at the same time that the capstan starts to decelerate the tape.
A new command may be given when IDBY goes high for an on the fly operation. On the fly
commands must be of the same Read/Write mode and the same tape direction.

3.7.3 CHECK CHARACTER GATE (ICCG) — IDENTIFICATION (IDENT)

This interface line is shared by NRZI and PE Formats. In the NRZI format, the signal is
ICCG and is set low by the microformatter when the read information currently being
transmitted to the controller is either a CRCC or an LRCC. The signal is high when data
characters are being transmitted. Data and check information can be distinguished by
gating READ STROBE (IRSTR) with ICCG or its inverse.

In the PE format, the signal on this line is IDENT. The line is pulsed when an ID burst is
read from the tape.

3.7.4 HARD ERROR (IHER)

The IHER signal is set low if a read error is detected by the microformatter. Read errors are
defined in Paragraphs 3.4.10 and 3.5.6 for PE format and NRZ| Format respectively.

All error information is reported to the controller before DATA BUSY (IDBY) goes high.
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3.7.5 CORRECTED ERROR (ICER)

The CORRECTED ERROR signal (ICER) is used only in the PE mode. It is set low by a
single track dropout during a Read or Read-After-Write operation. ICER in a Read-After-
Write operation indicates that the record should be rewritten.

3.7.6 FILE MARK (IFMK)

This is a pulse which indicates that the microformatter read logic has detected a File Mark.
This may be during execution of any Read Forward or Read Reverse operation, or during a
Write File Mark operation for a read-after-write drive.

3.7.7 DRIVE STATUS AND CONFIGURATION LINES

Status: IRDY, IONL, IRWD, IFPT, ILDP, IEOT
Configuration: INRZ, ISPEED

These lines are used to indicate the status and configuration of the selected drive and are
defined exactly the same as in the drive-to-microformatter interface description, except
that they have also been gated with the FORMATTER ADDRESS LINE (IFAD). Refer to
companion Operating and Service Manual (Section Ill) for these definitions.

3.7.8 WRITE STROBE (IWSTR)

The IWSTR line is pulsed for each data character to be written on tape. The pulsewidth of
IWSTR is approximately 25 percent of a character time. IWSTR samples the WRITE DATA
lines (IWP, IW0—7) from the controller and copies this information, character by character,
into the microformatter write logic.

The first character must be available before the first IWSTR is issued, and succeeding
characters must be set up within half a character period ofter the trailing edge of each
IWSTR pulse.

This line is also active during Erase (Variable Length) commands; however, the data being
copied into the microformatter will not be written on tape.

For a Write File Mark or Erase (Fixed Length) command, the required pattern is generated
internally by the microformatter and IWSTR is not used.

3.7.9 READ STROBE (IRSTR)

The READ STROBE line (IRSTR) is pulsed for each character of read information (data,
CRCGC, and LRCC) to be transmitted to the controller. IRSTR is used to sample the READ
DATA lines (IRP, IRO—7).

The transmission of check characters (CRCC and LRCC) is flagged by the CHECK
CHARACTER GATE line (ICCG) as described in Paragraph 3.7.3 and in the event of an all Os
character, an IRSTR pulse is provided.

Note that although the average time between adjacent IRSTR pulses is 1/BV where
B = packing density ’
V = tape velocity

this time may vary considerably due to the combined effects of bit crowding and skew. The
minimum time between adjacent pulses in one-half character period.
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3.7.10 READ DATA LINES (IRP, IR0O—7)

These nine lines transmit read data from the microformatter to the controller. Each
character read from the tape is available by sampling IRP, IRO—7 in parallel by IRSTR.

Data remains set on IRP, IRO—7 for a full character period. The corresponding IRSTR pulse
is placed centrally during the time that data are available.
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SECTION IV
THEORY OF OPERATION

4.1 INTRODUCTION

A microformatted drive system (FT) consists of one or more tape drives, a Microformatter
PCBA, and a Power Supply Il PCBA. This section provides a block diagram description and
the theory of operation of the microformatter. Also presented are methods of fault
isolation and maintenance procedures.

NOTE

An FT1000 system does not require the Power Supply I
PCBA.

Figure 4-1* is a block diagram of a Dual Microformatter and should be referred to in
conjunction with the following paragraphs. It is important to note that the functional
discussion of the block diagram is addressed to dual operation of the microformatter and
individual NRZI and PE operations are discussed as subsets of the dual operation.

4.2 BASIC CONFIGURATION AND OPERATION
The microformatter may be configured as NRZI only, PE only, or Dual (both NRZ| and PE).

Referring to Figure 4-1, it can be seen that the NRZI section contains the Clock Generator,
Interface Logic, Master Control, NRZI Read Control, NRZ| Read Logic, Error Gating Logic,
Read Strobe Gating Logic, Input Read Logic, Output Read Logic and Write Data Generator.

Similarly, it can be seen that the PE section contains the Clock Generator, Interface Logic,
Master Control, PE Read Control, Tracking Oscillator, PE Read Logic, Error Gating Logic,
Read Strobe Gating Logic, Input Read Logic, Output Read Logic and Write Data Generator.

The microformatter must be selected to operate. Selection is according to the
FORMATTER ADDRESS line (IFAD) and the settings of U112-S3 and S4 (refer to Table 4-1).

The microformatter logic must be conditioned according to the type of drive, i.e., PE, NRZI,
or Dual. The drive must be selected by the switch settings on the Cable Adapter PCBA (DC)
(FT7000 series), Interconnect E PCBA (FT6000, FT8000, and FT9000 series), or the Select
Switch on the FT1000 series.

Additionally, if the drives are daisy-chained, U112-S5 and S6 must be set. Table 4-2
describes the method of format selection.

The drive status lines are received by the Interface Logic and coupled to the Master
Control. The Interface Logic transmits these signals to the controller.

The SPEED signal is coupled through the Interface Logic and into the Clock Generator.

The Clock Generator controls all the timing within the microformatter for both NRZI and
PE operation. The clock frequency is dependent on the tape speed and is programmed by
the setting of U187 (Frequency Select). When SPEED is high, the output of the Ciock
Generator (WCLK and NWCLK) is divided by two. These clocks are applied to the Master
Control, the Write Data Generator, and the NRZ| Read Control.

*Foldout drawing, see end of section.
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Table 4-1
Formatter Address (U112)

Formatter -
Address S3 84
0 Down Up
1 Up Down
Table 4-2
Format Select (U112)
; Models FT6000, FT8000,
Switch Format Model FT7000 FT9000, FT1000
PE Up Up
Format
s5 NRZI Down Up
Dual Up Up
Head
S6 Dual Up Up

The Master Control receives signals from the Interface Logic via status and command
lines and conditions the microprogram on Read Only Memory (ROM) chips. The Master
Control provides the required control for both NRZ!I and PE Write and Read Logic. The
Write signal (WRT) input to the Control logic determines whether the microprogram
selects a Write operation or a Read operation.

When the Master Control receives a GO1 signal from the Interface Logic, the status and
command lines set the Master Control. Formatter Busy (FBY) is set at this time. Data Busy
(DBY) is set when the microformatter is processing data (write or read).

When WRT is high, the Master Control microprogram selects a Write operation. The
coding of the Write Commands (WCNO, WCN1, WCN2) determines the type of data to be
written. Also, Load Write Data (LDWRTDATA), Load Cyclic Redundancy Character (LDCRC)
are provided to the Write Data Generator. Write Strobe (WSTR) is provided to the Interface
Logic.

When WRT is low, the Master Control microprogram selects a Read operation. The state of
the REVERSE command (IREV) determines if the Read operation is to be executed in a
forward or reverse direction.

When in the PE mode, the LAST WORD (ILWD) sets a jump condition and a postamble is
written. '

4.3 WRITE OPERATION

The Write Data Generator receives and buffers Write signals (IWP, 1IW0—7) from the
controller and transmits them to the drive (IWDP, IWD0—7). The WRITE PARITY signal
(IWP) may be selected either internally or externally by setting U112-S1 and 82 (refer to
Table 4-3).
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Table 4-3
Parity Select (U112)

PARITY S1 S2
Internal Up Down
External Down Up

4.3.1 NRZ! WRITE OPERATION

Figure 4-2 is a timing diagram for a NRZI Write operation and should be referred to in
conjunction with Figure 4-1. The Write Data Generator is enabled when DBY is high. The
Write Data Generator transfers data when LDWRTDATA is high. WCNO, WCN1, WCN2
determine the type of data to be written.

After one character time, the first byte of data is coupled to the drive data lines. At the end
of the character period, the WRITE DATA STROBE (IWDS) line is pulsed which transfers
the byte of data to the selected tape unit. The drive encodes the data into NRZI form and
writes it on the tape.

The data are also transferred into a CRC register and the register generates the CRCC,
which is written on the tape after the end of the record.

At the end of the character period, a WRITE STROBE (IWSTR) pulse informs the controller
that processing of this character is complete and that a new byte is required. The
controller must set the new byte on IWP, IW0—7 within one-half character period after the
trailing edge of IWSTR.

Subsequent characters are processed in this manner until the controller sets LAST WORD
(ILWD) low, indicating that the last bit is being transmitted. Following the IWSTR pulse,
the Write Data Generator starts a termination sequence and causes the CRCC and/or
LRCC to be written on the tape.

The contents of the CRC register are coupled to the drive during the fourth character
period after the last data bit is written. An additional IWDS pulse causes the information to
be written on the tape. Four character periods later, the WRITE AMPLIFIER RESET
(IWARS) line is pulsed, which resets the drive write register and causes the LRCC to be
written on the tape.

After the LRCC is written, a post-record delay is entered. The post-record delay is initiated
when the microformatter Read Logic completes a read-after-write check on the data. An
internal signal, End NRZI (RENDNZ), indicates the end of the Read-After-Write operation.

The Erase (Variable Length) command is a dummy Write File Mark (WFM) command. A
fixed length of tape is erased (approximately 102 mm [4 inches]).

The NRZI format requires that the first record appearing on tape be placed approximately
127 mm (5 inches) past the BOT marker. To accomplish this, the microformatter generates
an extra long pre-record delay when a Write command is issued at BOT.

A File Mark consists of a single character record having 1 bits in Channels 3, 6, and 7 for
both the data character and the LRCC. The CRCC contains all 0s. This record is separated
from the previous record by approximately 102 mm (4 inches) and by a normal IBG of 15.2
mm (0.6 inch) from the following record.
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Figure 4-2. 9-Channel NRZI Write Operation

4.3.2 PE WRITE OPERATION

Figure 4-3 is a timing diagram of a PE Write operation. The Write Data Generator is enabled
when DBY is high, and transfers data when LDWRTDATA is high. WCNO, WCN1, WCN2
determine the type of data to be written.

When DBY goes high, the microformatter generates a preamble data pattern consisting of
forty 0 bits followed by a 1 bit. This pattern is phase encoded and written on the nine data
channels on the tape.

During the time period in which the last preamble 1 bit is being recorded, an IWSTR pulse
is sent to the controller. On the trailing edge of IWSTR, the data appearing on IWP, IW0—7
is transferred to the microformatter, encoded, and then written on the tape immediately
following the preamble 1 bit.

The controller uses the trailing edge of the IWSTR pulse to set the next byte of data on
IWP, IW0—7. The microformatter requires the first bit be set on the data lines before the
first IWSTR is sent and the subsequent bits are set within one-half of a character period
after the trailing edge of IWSTR.
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Figure 4-3. 9-Channel PE Write Operation

The controller sets ILWD low when the last data byte is set on IWP, IW0—7. When the
following IWSTR pulse occurs, the microformatter samples ILWD and then enters a
postamble sequence immediately following the writing of the last data byte.

The postamble pattern is a mirror image of the preamble and consists of a 1 bit followed by
forty 0 bits. The postamble is phase encoded and written simultaneously on the nine tape
tracks.

Shortly after the last postamble bit is recorded, a WRITE AMPLIFIER RESET (IWARS) pulse
is issued by the microformatter. In some models, the IWARS puise is used to control write
current turn-off at the end of an Edit operation.

The post-record delay is initiated after the drive read electronics have completed a read-
after-write check on the data just recorded. An internal signal, RENDPE, is used to indicate
the end of the Read-After-Write operation.

The 1600 cpi PE format requires identification by a burst of alternate 1s and 0Os at the BOT

marker. It also requires the first record be written approximately 127 mm (5 inches) after
the marker.
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When writing from BOT, the microformatter generates an extra long pre-record delay. in a
suitable time interval during the delay, the PE identification burst, consisting of a pattern
of alternate 1s and Os (10 101 0 1 0), is written in the Parity Channel. All other channels
are erased.

After completion of the pre-record delay, the tape is positioned approximately 127 mm
(5 inches) past the BOT marker and the first record is written.

A File Mark record consists of 256 flux reversals at 3200 frpi in Channels P, 0, 2,5, 6, and 7.
Channels 1, 3, and 4 are dc-erased. The File Mark is separated from the preceding record by
approximately 102 mm (4 inches) and from the following record by a nominal IBG of
15.2 mm (0.6 inch).

The microformatter generates a long pre-record delay equivalent to a 95 mm (3.75-inch)
IBG. The Write logic then generates and encodes 128 preamble 0 bits and records this on
Channels P, 0, 2, 5, 6, and 7. This pattern is equivalent to 256 flux reversals at 3200 frpi.

At the completion of the Write File Mark operation, the command is terminated the same
as other Write operations.

The Erase (Variable Length) is a dummy Write command used to erase any length of tape.
This operation is useful in applications which require the ability to erase individual records
on a previously recorded tape.

When executing the Erase (Variable Length) command, the microformatter performs all
operations of a normal Write command except that the dummy data being transmitted
from the controller to the microformatter is not recorded. Therefore, a length of tape
equivalent to the dummy record is erased. The ILWD signal determines the record length,
in the manner previously described.

The Erase (Fixed Length) command is a dummy Write File Mark command. When enabled,
a fixed length of tape (approximately 102 mm [4 inches]) is erased.

4.4 READ OPERATION

Referring to Figure 4-1, it can be seen that there are two Read Logic sections of the
microformatter, NRZI Read Logic and PE Read Logic. The NRZI section consists of the
NRZI Read Control and the NRZI Read Logic. The PE section consists of the Tracking
Oscillator, PE Read Control, and the PE Read Logic.

The Input Read Logic, Output Read Logic, Error Gating Logic and Read Strobe Gating Logic
are common to both NRZI and PE Read operations. A Read operation is enabled by GO1.

Incoming Read data are routed through the Input Read Logic, buffered and supplied to
either the NRZ! Read Logic or the PE Read Logic.

Outgoing Read data are routed through the Output Read Logic from either the NRZI Read
Logic or the PE Read Logic. The data are buffered and transmitted to the controller.

The Error Gating Logic and the Read Strobe Gating Logic are discussed within the NRZI
and PE Read operations (Paragraphs 4.4.1 and 4.4.2).
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4.41 NRZ|I READ OPERATION

The NRZI Read operation is enabled when the NRZ signal is high and WRT signal is low to
the Master Contro! from the Interface Logic. The microprogram in the Master Control sets
the NRZI Read Gate signal (RGATENZ1 and RGATENZ2) high. Refer to Figure 4-4.

The microformatter reads data either in the forward or reverse direction, depending on the
state of REV1.

The Read data are received and buffered by the Input Read Logic and coupled to the NRZI
Read Logic.

The RGATENZ inputs and the Read Strobe (RDS) input to the NRZI Read Contro! enables
the NRZI Read Strobe (RSTRNZ) and forces Not Clear NRZI Data (NCLRNZDATA) high. The
NCLRNZDATA signal enables the NRZ| Read Logic. The Buffered Read signals and the
Read Data Strobe (IRDS) from the drive provide RDS and the nine channels of Read Data
- (RDNZP—7), which are coupled to the Output Read Logic and the NRZI Read Control. The
Output Read Logic buffers and transmits the data to the controller.

The RDNZP—7 signals fed back to the NRZI Read Control provide the following
information. v

(1) File Mark detection and the File Mark character (FNKNZ) are supplied to the
Interface Logic and to the Master Control.

(2) LRCC and CRCC detection (CCG) is supplied to the Interface Logic.

6o _J1

|
FBY ] : L
|
| |
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| [
| |
DBY S l
| | |
| | |
RGATE ! ] l
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| DELAY " CRC LRC | |
o o0 7 Ly | .
(TYPICAL) n L I |
I [
RDS HEEEN 1 | | |
| |
RP, RO-7 | |
(TYPICAL) [A ol 1o CRC (RC 1 |
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Figure 4-4. NRZI Read Operation
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(3) Error information (HERNZ) is supplied to the Error Gating Logic.
(4) End of data (RENDNZ) is supplied to the Master Control.

The HERNZ signal is supplied to the Error Gating Logic, buffered, and transmitted to the
controller as HARD ERROR (IHER).

RENDNZ is fed back to the Master Control and disables the RGATENZ signals. The low
RGATENZ signals disable RSTR and sets NCLRNZDATA low. NCLRNZDATA clears the
NRZI Read Logic and the Read operation is complete.

If a Space Forward or Reverse (NSPC) is commanded, the Error Gating Logic and the Read
Strobe Gating Logic are disabled.

4.4.2 PE READ OPERATION

The Tracking Oscillator, the PE Read Control, and the PE Read Logic form a phase-lock-
loop (PLL) oscillator.

The PE Read operation is enabled when the NRZ and WRT signals are low to the Master
Control. The microprogram in the Master Control sets the PE Read Gate signals
(RGATEPE1 and RGATEPE2) and the Identification Gate (IDGATE) high. Refer to Figure 4-5.

The microformatter reads data either in the forward or reverse direction, depending on the
state of REV2.

The READ DATA (IRDP, IRDO—7) are received and buffered by the Input Read Logic and
coupled to the PE Read Logic.

The free running Tracking Oscillator provides all the clocks immediately except the Shift
Right clocks (SHRCLK and NSHRCLK).

Plug-in R-C networks are used to determine the basic frequency of the oscillator. This
basic frequency is dependent on the drive speed. Potentiometer R3 is provided for fine
frequency adjust.

The clocks, SHRCLK and NSHRCLK, and signals, RGATE and IDGATE, are provided to the
PE Read Logic. PE information is recognized and the feedback signals are generated. The
feedback signals are: :

(1) Delay Gate signals (DGATE/O and DGATE/2) are supplied to the Tracking Oscillator
to phase lock the oscillator.

(2) Envelope signals (ENV/P—7, ENV/O and ENV/2) are supplied to the Tracking
Oscillator to phase lock the oscillator. The ENV/P—7 signals are also supplied to
the PE Read Control to generate the Drop signal (DROPDET), File Mark PE
(FMKPE), and ID pulse (ID).

(3) DataIn (D1/P—7)and Ones Detector (NONEDET/P—7) are supplied to the PE Read
Control and provide control signals Postamble Test (POSTEST), Parity Correcting
(PARC), Read Enable (REN1), Preset (PRESET), and Read Strobe (RSTRPE). The
error status signals, Parity (PR), Formatter Error (NFER), and the Read Counter
signals (RSC1 and NRSC?2) are also provided to the Error Gating Logic.

(4) Character Detector signals (CHARDET/P—7) are supplied to the PE Read Control
to trigger End of Data (RENDPE).

RSTRPE is supplied to the Read Strobe Gating Logic and is buffered and transmitted to the
controller as READ STROBE (IRSTR).
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Figure 4-5. PE Read Operation lliustrating Error Correction for Last Two Data Bytes

The clocks and error signals are supplied to the Error Gating Logic. All error signals
provide a HARD ERROR (IHER) indication except a single channel dropout (DROPDET1).
DROPDET1 is a CORRECTED ERROR (ICER). RENDPE is fed back to the Master Control
and disables the RGATEPE signals (low). The Read operation is complete.

If a Space Forward or Reverse (NSPC) is commanded, the Error Gating Logic and the Read
Strobe Gating Logic are disabled.

4.5 FUNCTIONAL DESCRIPTION

The following paragraphs describe the major functional blocks of the microformatter.
These blocks are shown in Figure 4-1 and should be referred to in conjunction with the
following discussion.

451 INTERFACE LOGIC

The Interface Logic receives, buffers, and transmits status signals between the drive and
controller. It also provides status signals to the microformatter circuits. U112-83 and
U112-S4 select either Microformatter Address 1 or 0. U112-56 (NRZI) is used for Format
definition and U112-6 (SGL) is used for Head Type definition. Refer to Table 4-2.
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45.2 CLOCK GENERATOR

The Clock Generator provides two programmed clock pulses, WCLK and NWCLK. U187 is
set to provide the proper clock frequency, dependent on the drive speed. Refer to Table 4-4
for drive and switch settings.

The frequency of the clock pulses is eight times the PE data rate and sixteen times the
NRZI data rate.

The SPEED signal causes the output frequency to be divided by two. This signal is used on
dual speed systems only.

45.3 MASTER CONTROL

The Master Control stores the microprogram, contains the address counter, and provides
the output buffer logic and the jump and output instructions. The Master Control also
provides the Write Control logic signals (WCNO, WCN1 and WCN2) and the Write Load
signal (LDWRTDATA).

Also provided by the Master Control logic are the PE Read Enable logic signals (RGATEP1,
RGATEP2) or the NRZI Read Enable logic signals (RGATENZ1, RGATENZ2).

4.5.4 NRZI READ CONTROL

The NRZI Read Control provides control for decoding 9-track NRZI read data. This function
is enabled by Reverse Command 1 (REV1) and allows the microformatter to decode read
signals in both the forward and reverse directions.

Table 4-4
Master Oscillator Frequency Select (U187)
Drive Frequency Switch Setting
(ips) (kHz) 1 5 3 4 5
125 160 u U U D D U D U
18.75 240 U v U D D D U U
225 288 Low Speed Only*
25 320 D D U D U D U U
375 480 u U D D D u U U
45 576 D D D u D U U U
75 960 D u D D u U U U
112.5 1440 U u U D U U u U
125 1600 D D D U U u U U
U=Up
D = Down
*This frequency is selected by setting the switch to the 45 ips positions and SPEED is high.
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45.5 TRACKING OSCILLATOR

The Tracking Oscillator provides selected clock frequencies determined by the drive
speed. The frequency is nominal until locked to the data rate by the Data Gate (DGATE) and
the Envelope (ENV) signals. Deskew is controlled by the feedback signals, NCOPY and
COPY. Refer to Table 4-5 for drive speed and frequency of the Tracking Oscillator. The
frequency is selected by plug-in R-C networks and is adjusted by potentiometer R3
-(Frequency Adjust).

45.6 PE READ CONTROL

The PE Read Control provides control for decoding PE read data. It also provides feedback
signals to deskew the PE read data.

4.5.7 INPUT READ LOGIC
The Input Read Logic receives and buffers read signals from the drive.

458 PE READ LOGIC

The PE Read Logic buffers and decodes PE read data from the drive. This function is
enabled by Reverse Command 2 (REV2) and allows the microformatter to decode read
signals in both the forward and reverse directions. It also provides feedback signals to lock
the Tracking Oscillator to the incoming data.

45.9 NRZI READ LOGIC

The NRZI Read Logic buffers and decodes 9-track NRZI read data from the drive. The
circuits are enabled via the interface signal, READ DATA STROBE (IRDS) and an internal
signal, Not Clear NRZ| Data (NCLRNZDATA).

4.5.10 OUTPUT READ LOGIC v
The Output Read Logic buffers and transmits read signals to the controller.

Table 4-5
Tracking Oscillator Frequency

Config. Maximum Minimum Exact

Tape Plug Frequency Frequency Frequency
Speed 107609 Limit Limit Value
(ips) Version No. (kHz) (kHz) (kHz)
125 01 465 455 460
18.75 02 697 683 690
22.5 -03 836 820 828
25 -04 929 911 920
37.5 -05 1394 1366 1380
45 -06 1672 . 1639 1656
75 07 2788 2732 2760
112.5 -08 4181 4100 4140
125 -09 4700 4500 4600
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45.11 WRITE DATA GENERATOR

The Write Data Generator receives and buffers write signals from the controller, processes
the signals, and transmits the write signals to the drive. Depending on the states of the
write control signals, PE or NRZI data are written. These signals also determine when the
CRCC is written.

U112-S1 selects external parity and U112-S2 selects internal parity.

4.5.12 ERROR GATING

Error Gating provides error signals to the controller. The error signals are HARD ERROR
(IHER) or CORRECTED ERROR (ICER). NSPC disables Error Gating during a space
command.

4.5.13 READ STROBE GATING

The Read Strobe Gating provides either a NRZI or PE read strobe to the controller. NSPC
disables Read Strobe Gating during a space command.

4.6 MICROFORMATTER MAINTENANCE AND ADJUSTMENT

The following paragraphs provide a method of fault isolation between the microformatter
and the drive. Electrical adjustment procedures for the microformatter are also given.

4.6.1 MICROFORMATTER—DRIVE(S) FAULT ISOLATION

The recommended level of fault isolation is to the Microformatter PCBA and to the drive
components. Two methods of fault isolation, in order of preference, are:

(1) Use Wilson Laboratories Inc. Hand Exerciser, TFX500, and the operating
instructions for the exerciser; refer to Section VI of the applicable operating and
service manual for the drive.

— OR —

(2) Use the procedure defined in Paragraph 4.6.1.1.

4.6.1.1 Fault Isolation

It is recommended that an all 1s tape for NRZI drive configurations, or an:all Os tape for PE
drive configurations be generated. Also, a test tape to check errors and file marks should
be available.
(1) Check the interface commands between the microformatter and the drive(s) using
an oscilloscope. Refer to the fault isolation flow chart given in Figure 4-6.

(2) Using the previously generated test tapes, monitor (with an oscilloscope) the read
interface lines between the microformatter and drive(s).

(3) Remove the all 1s or all Os tape from the drive.

(4) Load a work tape, which is known to be good, onto the drive. Write an all 1s or an
all Os tape. Monitor the write interface lines between the microformatter and the
drive(s).

When the fault is isolated to the microformatter or the drive, either replace the
Microformatter PCBA or refer to Section Vi of the applicable operating and service
manual to fault isolate within the drive.
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Figure 4-6. Fault Isolation Flow Chart

4.6.2 MICROFORMATTER ADJUSTMENTS
Electrical adjustments to the Microformatter PCBA are made as follows.
(1) Connect a DVM between TP1 and TP2 on the Microformatter PCBA.
(2) Acceptable Limits:
e +5.0v (maximum)
® +4.9v (minimum)
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(3) If the reading observed in step (2) is outside the acceptable limits, adjust R6 on
Power Supply Il PCBA for + 4.95v.

NOTE

FT1000 systems only. This procedure may be performed
by adjusting R179 on the Capstan/Regulator PCBA.
However, some versions of the Capstan/Regulator PCBA
have no provision for adjustment of the + 5v.

(4) Set switch U112 as defined in Table 4-1, 4-2, or 4-3.
(5) Set switch U187 as defined in Table 4-4.
(6) Connect a frequency counter between TP3 and TP4 on the Microformatter PCBA.

(7) Monitor the output of the frequency counter. The frequency of the Tracking
Oscillator should fall within the maximum and minimum frequency limits given in
Table 4-5 for the drive tape speed.

(8) If the observed frequency falls outside the maximum and minimum frequency
range, adjust R3 on the Microformatter PCBA for the exact Tracking Oscillator
frequency given in Table 4-5.

4.7 POWER SUPPLY Il PCBA

The Power Supply Il PCBA is used in conjunction with the Microformatter PCBA on PPC
Drive Models FT6000, FT7000, FT8000, and FT9000. 48v dc versions of the drive use a
different version of the PCBA. The primary difference is that a dc input voltage is provided
on the 48v units, eliminating the need for the rectifier. Refer to Schematic No. 107614 and
Assembly No. 107615 for discussion of the power supply functions.

(1) Rectifier.

(2) + 5v Regulator.

(3) Overcurrent Protection.
(4) Overvoltage Protection.
(5) Power Supply Enable

471 RECTIFIER (NOT USED ON 48V DC VERSIONS)

Rectifier CR1 is a full wave rectifier. The output of the rectifier is filtered, fused, and
supplied to the regulator.

472 +5V REGULATOR

The + 5v Regulator consists of U1, R5, R6, R7 and Q1. The regulator provides base drive to
the series pass transistor, Q1. The voltage divider (R5, R6 and R7) determines the voltage
output. R6 is adjusted to provide + 4.95v at TP1 on the Microformatter PCBA. The regulator
also has a current foldback circuit.

4.7.3 OVERCURRENT PROTECTION

The overcurrent protection is provided by a voltage divider (R2, R3 and R4). R3 is the
current sense resistor. If the current increases across R3, the signal is fed back to U1
causing U1 to decrease its output. A short at the output causes U1 to shut off and remain
shut off until the short is removed. '

4.7.4 OVERVOLTAGE PROTECTION

The overvoltage protection is provided by Q2, VR1 and SCR1. If the output voltage exceeds
+ 5.7 volts, VR1 conducts. This causes Q2 to conduct and fire SCR1. When SCR1 fires, a
direct short (crowbar) occurs causing fuse F1 to open.
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4.7.5 POWER SUPPLY ENABLE (PSEN)

The POWER SUPPLY ENABLE signal (IPSEN) is used to reset all microformatter logic to
the quiescent state. This is done while the + 5v supply is being established after power is
applied and while the supply is decaying after power is turned off. This ensures that the
logic is in a defined state after power on and that no spurious signals are sent to the drive
logic.

When power is applied, the regulated output builds up to +5v causing C6 to charge
through R14 and R15. When the voltage on C6 reaches 2.5v, the voltage on the base of Q5
will be greater than the voltage on the base of Q3. Q4 and Q5 will then turn on causing the
output PSEN to go to + 4v approximately 50 milliseconds after power is applied. A loss of
dc power is detected by Q3 when the voltage on C7 drops below + 3v.

4.8 POWER SUPPLY Il ELECTRICAL ADJUSTMENTS

The following paragraphs provide a method of fault isolation to a stage in the power
supply.

4.8.1 POWER SUPPLY Il

Figure 4-7 is a functional block diagram of the power supply. Table 4-6 lists measurement
points and voltage readings for a normally operating power supply. All readings assume
that the output voltage of the power supply as measured between pins 3 and 1 of Power
Supply J2 is:

* +5.36v (maximum)
¢ +5.14v (minimum)

In the event that the voltage read between J2 pins 3 and 1 falls outside the acceptable
limits, perform the adjustment given in Paragraph 4.8.2.

4.8.2 POWER SUPPLY Il ALIGNMENT
Electrical adjustments to the power supply are made as follows.
(1) Connect a DVM between TP1 and TP2 on the Microformatter PCBA.
(2) Acceptable Limits:
e +5.0v (maximum)
* +4.9v (minimum)

(3) If the reading observed in step (2) is out of tolerance, adjust R6 on Power Supply ||
PCBA until a voltage reading of + 4.95v is obtained between TP1 and TP2 on the
Microformatter PCBA.

FT4-15



FROM DRIVE { RECTIFIER
4
DC INPUT
FROM DRIVE FUSE AND
48V DC VERSIONS FILTER
ONLY .
»
. l .
SERIES PASS > CURRENT > 3 f+sv 1
- SENSOR i :
__-«-——J A 4 A 4 . T
A PSEN 2 fesen MtCROFSRMATTER
LOGIC CoA
VOLTAGE
DIVIDER OVER- » rerorn
5VOLT « [Z B VOLTAGE
REGULATOR VOLTAGE SENSOR J— J
ADJUST
. * 3026

Figure 4-7. Power Supply Functional Block Diagram

Table 4-6
Nominal Power Supply Voltage Readings
Measurement Point Voltage Reading

Across rectifier input 10.4v ac
Q1E/GND +10.5
Q1B/GND +9.0
Q1C/GND +6.0

JCT R3-R5/GND +5.25

JCT R6-R7/GND ' +1.8

VR1 Cathode/GND +5.2
Q2B/GND +5.2
Q2C/GND Ov
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