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Fig. 1-1. 4921 and 4922 Flexible Disc Memory Units.
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Section 1

DESCRIPTION

INTRODUCTION

The 4921 and 4922 (Fig. 1-1) are Flexible Disc Memory
units that provide an alternative to tape cassettes, car-
tridges, paper tapes, and card readers. On standard units,
information may be recorded from the terminal, from the
computer, or both. Data is stored on a rotating disc;
storage and recovery are similar to recording and playing
magnetic tape. The 4921 is a single disc drive unit, and the
4922 is a dual disc drive unit. Operations for both units are
identical except for the added capabilities of the dual disc
drive unit; references to disc 2 do not apply to the 4921.

This manual provides information on operating the
4921/4922 in a 4010-Series Terminal environment. In
addition, information on operating the device with the
Tektronix 31 Calculator is found in the 4921/4922 (Option
4) Flexible Disc Memory for "31" Calculator Environment
Users Manual.

Service information on the Flexible Disc Memory is
divided into two basic areas. These are the basic Flexible
Disc Memory unit (including the standard circuit boards,
the drive unit, and power supply), and the interfaces
between the Flexible Disc Memory and another device.
Therefore, to provide complete service on the Flexible
Disc Memory, it is necessary to refer to the Flexible Disc
Memory Service Manual and to one or more of the
interface manuals, depending on the device(s) with which
it is being used. The manuals are as follows:

4921/4922 Flexible Disc Memory Unit

Service Manual 070-1825-00

021-0144-00 4010-Series Terminal Interface

for 4921/4922 Flexible Disc Memory

Instruction Manual 070-1898-00

021-0156-00 "31" Calculator Interface

for 4921/4922 (Option 4)
Instruction Manual

Flexible Disc Memory
070-1829-00

The Flexible Disc on which data is stored is a flat disc
composed of a Mylar base coated with a magnetic oxide. It
is permanently encased in a flexible plastic envelope,

@

which protects it during handling, operation, and storage.
The disc and envelope together are called the Flexible
Disc Cartridge. The disc is vertically mounted in the drive
unit during operation, and should be stored vertically in a
storage envelope to prevent dust and soil from ac-
cumulating on the surface of the disc. Wipe cushions
bonded to the inside of the flexible plastic envelope help to
keep the disc clean during operation.

Each disc has 64 tracks (00-63), with 32 sectors (00-31)
in each track. Each sector contains 128 eight-bit bytes, for
a total disc capacity of 262,144 bytes (2,097,152 bits) of
data storage. During recording, information is inserted
into a "file”, which may encompass any number of sectors
and tracks. (A file is identified as all information between
the start of a recording and an end-of-file command; the
end-of-file command may be programmed or manually
inserted.) Data protection is provided in the unit; recor-
ding and playback error detection are standard features.

The Flexible Disc Memories operate in three basic
modes—Paper Tape, Sector, and Transparent. In addi-
tion, Prompt Mode (a subset of Paper Tape Mode) can be
selected from the front panel. All modes are fully explain-
ed laterin this manual. The standard Flexible Disc Memory
unit interfaces to any Tektronix 4010-Series terminal, and
through the terminal to a computer (Fig. 1-2).

Standard Accessories

Users Manual for 4010-Series Terminal Environment
070-1758-00

1 Flexible Disc Cartridge (119-0666-00) per drive unit

1 Write Protect tab (214-2207-00) per drive unit

Optional Accessories
4921/4922 Flexible Disc Memory Unit

Service Manual 070-1825-00

021-0144-00 4010-Series Terminal Interface

for 4921/4922 Flexible Disc Memory Unit

Instruction Manual 070-1898-00

1-1
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TERMINAL

COMPUTER
E— =
CERCTE PSR
4 ) FLEXIBLE DISC MEMORY
\
( A 3
% ‘——! <<t}
L || / / \J
— N \
Communication / )
L ) Link Data Terminal—
’ N N Communications to—Disc
Interface Interface
I
L ) )
: ! 1758-1
Fig. 1-2. Standard Flexible Disc Memory position in a 4010-series terminal system.
Additional Flexible Disc Cartridges TABLE 1-1
Time Characteristics
Package of 5 119-0666-01 Disc Rotation Speed 375 RPM
Time per Revolution 160 ms
Track to Track Access Time |15 ms, plus 5 ms head
Package of 10 119-0666-02 settling time at the ad-
dressed track.
Maximum Track Access Time| 945 ms, plus 5 ms set-
. . tling time
Additional Write Protect Tabs Head Load Time 20 ms minimum
Package of 20 214-2207-01
CHARACTERISTICS TABLE 1-2
Cartridge Characteristics
Flexible Disc Memory Time Characteristics Cartridge Size giinches x.8inches x 1/16
Table 1-1 summarizes the time characteristics of the inch thick
Flexible Disc Memory units. Disc Size 75 inch diameter
Tracks per Disc 64
Sectors per Track 32
Sector Capacity 128 eight-bit data bytes
Flexible Disc Cartridge Characteristics Bytes per Disc (8-bit bytes) |262,144
Bit i 2,097,152
Table 1-2 summarizes the characteristics of the disc s per A L -
: s ; ; ; Recording Mode Frequency Modulation
media used in the Flexible Disc Memory units. The - - - .
Recording Density 3100 bits per inch

configuration of the disc is shown in Fig. 1-3.
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Fig. 1-3. Disc cartridge and disc configuration.

Operating Modes

The three basic operating modes are outlined in Table
1-3. Details regarding these modes can be found in the

Operation Section.

TABLE 1-3
Operating Modes

Operation

Features

Paper Tape Mode

Emulates a Paper tape reader-
perforator; unit acts on control
commands contained in data be-
ing processed.

Read Enable

Permits unit to read in response to
Front-panel START or program
DC1.

Read

Reads file if accessed manually in
Paper Tape Mode; reads either File
or Sector if accessed from
Program Control, dependent upon
data contained in Read command.
Read can be interrupted by DC3,
which returns it to Read Enable
Status. Read can also be in-
terrupted by programmed CR if
Front Panel PROMPT MODE
switch is on. Read continues after
Prompt Character is received.

Write Enable

Permits unit to write in response to
Front-Panel START or program
DC2.

Write

Write File if accessed manually;
Write Sector or File if accessed
from Program Control, dependent
upon data contained in Write com-
mand. Write can be interrupted by
DC4, which returns it to Write
Enable Status.

Duplicate

Feature of 4922 only. Front Panel
Controlled. Permits making iden-
tical copy of disc 1 on disc 2.

Transparent Mode

Provides Read and Write
Operations of Sector or File.

Read

Accessed by any Read command.
Read to end of sector or file,
dependent on command received.
Once entered, unit ignores com-
mands from outside sources; reads
and transmits data without
decoding it until end of sector or
file is reached.

Write

Accessed by any Write command.
Writes until end of sector if Write
Sector was sent, and then returns
to Transparent Mode. Writes until
CLOSE FILE button on unit is
pressed or until end of disc is
reached, if Write File was received.
Will not decode or otherwise acton
data (commands) during Write
Operation.

1-3
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Sector Mode Read and Write Operations are
limited to one sector at a time,
regardless of whether a file or

sector command is received.

Read Sector Accessed by any Read command;
once enabled, reads to end of
sector (regardless of which Read
Command was received) and
returns to Sector Mode. Unit
transmits all data and ignores all
control commands (regardless of
source) during Read Sector
Operation.

Write Sector Accessed by a Write command.
Once enabled, condition remains
until 128 characters are written
into the input buffers (end of sec-
tor) regardless of which Write
command was received, and the
file is then closed. Unit records all
data without decoding any control
commands during Write Sector
Operation.

Status Character

A status character is sent by the unit upon receipt of a
Send Status command from the terminal or computer. The
first six bits of that character contain information as listed
in Table 1-4, Error bits (bits 5 and 6) are reset after
transmission.

TABLE 1-4

Status Character Bit Assignments
Character Bit | Status Information indicated by True Bit
Bit 1 (LSB) Disc 1 Ready
Bit 2 Disc 1 Write-protected
Bit 3 Disc 2 Ready (4922 only)
Bit 4 Disc 2 Write-protected (4922 only)
Bit 5 Parity Error or Checksum Error
Bit 6 Disc Error (during Read or Write)
Bit 7 Redundant (complement of Bit 6)
Bit 8 Not used as status indicator (Parity Bit)

Error Checking

The Flexible Disc Memory units accomplish two types
of error checking. These are Received Data Error check-
ing and Disc Error checking. Received Data Error check-
ing includes Parity Error checking and Checksum Error
checking; this checks data as it arrives from the computer
or terminal. Disc Error checking checks for errors during
Read and Write Operations within the Flexible Disc drive
unit.

14

Parity Error. Each character is Parity checked as it is
received from the Terminal or Computer. Even though a
character contains an error, it is written on the disc and
(unless the sector is rewritten) the error will be read back
during a Read Operation. When an error is detected, the
parity error bit of the status character is set to one.

Parity Error checking may be set for even parity, odd
parity, or disabled, and is controlled by a strap on one of
the interface cards. Refer to Strappable Options in Section
3 of this manual for a description of the operation of this
strap in the various Flexible Disc Memory options.

Checksum Error. This error check occurs in Sector or
Transparent Mode only. When enabled (a cut-strap on the
Disc-to-Terminal card can be cut to disable thischeck) an
entire sector of data (128 characters) sent by the computer
is checked. A seven-bit accumulator starts a sector set to
all zeros. As data is received, the 7 least significant bits are
added to the accumulator using an end around carry.” The
128th character must be a checksum, which will cause the
accumulator to be all ones. If the 128th character does not
cause allonesin theaccumulator, the parity error bit of the
status character is set.

Disc Error. Disc Error checking occurs during a Write
(to disc) Operation ora Read (from disc) Operation. These
errors may be caused by adefectin thedisc, by adamaged
disc, or by dust or impurities on the Read/Write head.

Disc Error Checking may be disabled by straps on the
Buffer Control card to operate at higher baud rates (see
the Buffer Control card straps).

During a Write Operation, the buffer contents are
written on the disc, but still remain in the buffer. A Read-
After-Write sequence then occurs to compare the data just
written on the disc to the data still in the buffer. Ifan erroris
detected during the Read-After-Write sequence, the data
is written again and another Read-After-Write occurs. If
the error persists, the data remains on the disc but the Disc
Error bit of the status character is set toone, and the DISC
ERROR light on the front panel lights.

During a Read Operation, the error check occurs after
the sector being read is placed in the buffer. If an erroris
detected, the data is read and checked again, up to a total
of four times. If the error persists after the fourth read, the
data is transmitted. However, the Disc Error bit of the
Status Character is set true and the front panel DISC
ERROR light turns on.

*In end-around addition, when two seven digit binary numbers
are added and the sum is an eight digit number (i.e., 0101010 +
1101010 = 10010100), the eighth digit is moved to the first digit
column and is added there (i.e., 0101010 + 1101010 — 0010101).

REV. A, JAN. 1976
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Write-Protection

Write-Protect tabs may be attached to the disc car-
tridge to prevent data on the disc from being written over,
and thereby lost. When a write-protected disc isinserted in
a disc drive, the PROTECT indicator lights and data
cannot be written from the bufferto the disc. An attempted
Write Operation to a write-protected disc will result in lost
data. The software-activated status character contains
Write-Protect information for use by a program.

Line Terminator

The Line Terminator is an output from the Flexible Disc
Memory that notifies the computer when adisc functionis
completed. It may be one ortwo characters, depending on
the requirements of the system in which the unit is used.
The availability of the Line Terminator and the method of
determining the character(s) is described under Strap-
pable Options in Section 3. The Line Terminator is sent at
the following times:

1) Immediately following the Status Character when
Disc Status has been requested.

2) When reading data from the disc in Prompt Mode
and a CR is read, CR is suppressed and the Line
Terminator is sent.

3) At the end of a Disc-to-Terminal or Terminal-to-
Disc transfer that was commanded by the com-
puter, and from which the computer was excluded.
On a Terminal-to-Disc transfer (from which the
computer was excluded) the Close File command
must be given by the operator from the keyboard.
This closes the file and sends the Line Terminator to
the computer.

4) In the event the computer commands another
peripheral to write to the Disc, the peripheral must
command a Close File so thatthe Line Terminatoris
sent. Otherwise the computer will have no way of
knowing that the peripheral has completed writing
to the disc. If the peripheral cannot command a
close file, the operator will have to send the Close
File command from the Terminal keyboard; as is
done following a Terminal-to-Disc transfer opera-
tion.

5) At the end of every Read File Operation, unless the
End of Read File Terminator Strap is cut.

Data Transfer Rate

Write Operations. 1200 baud maximum, continuous
asynchronous.

REV. A, JAN. 1976
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Read Operations. 6400 baud maximum (average),
continuous asynchronous.

Flagged Operation. |f the terminal-to-computer inter-
faceis flagged, the flagging controls the data transfer rate.

Greatly increased data rate may be obtained by 1)
disabling disc error checking and 2) transferring data at
the minimum rate specified in Table 1-5. If the data
transfer is slower than specified in the Table, then the
actual data rate will be reduced. However, the 4921 or 4922
will still function at slow rates like 300 baud.

TABLE 1-5

Sectors per

8 4 2 1
Revolution

Minimum
Baud Rate

(to achieve
maximum data
transfer rate,
10-bit bytes) 92,000 | 37,700 | 17,300 8,300

Instruments with serial numbers beginning with BO1
and B02 are set, when shipped, for one sector per
revolution. Instruments with serial numbers beginning
with B03 are set, when shipped, for 8 sectors per
revolution.

NOTE

Changing from one sector per revolution to 8, 4, or 2
sectors per revolution causes incompatibility of data
discs because the data is located physically in
different locations on the disc cartridge.

Converting Data From One Format To Another. For
example, if you have a number of disc cartridges that have
been recorded using a one sector per revolution format
and you desire to convert the data to the 8 sector per
revolution format, use the following procedure:

1) Use a 4922 as it contains Disc 1 and Disc 2
operation. Strap Disc 1 Buffer Control card for one
sector per revolution (the present format of the data
on the data disc cartridge).

2) Strap Disc 2 Buffer Control card for 8 sectors per
revolution (the new data format).

3) Place a disc cartridge recorded with the old format
in Disc 1.

15
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4)

5)

6)

7)

8)

Place a blank Disc cartridge in Disc 2.

Perform a Duplicate operation.

Disc 2 now has the data stored in the new format.

Convert all other Discs to the new format.

Change the straps on Disc 1 Buffer Control card to 8
sectors per revolution (the new data format).

Conversion is now complete. Use only Disc car-
tridges with the 8 sectors per revolution data format.

Special Considel"ations

1) If the user wishes to sequentially write sectors with

few characters (for example, 10 characters per
sector), then special care must be taken not to
overflow the buffers and lose data. Unless in Sector
Mode, data loss may be prevented by requesting
status after writing in a sector. The status character
will not be returned until the Write Operation is
complete. It is then safe to write the next sector.

2) Data transfer rates higher than 1200 baud may be

used by following the above procedure, that is:
write one sector, request status, wait for status to
be returned, then write the next sector, etc.

3) When using the Flexible Disc Memory in conjunc-

1-6

tion with a terminal that has a TTY port interface,
the following must be considered: On a Write
Operation from which the computer is excluded
(Terminal Only),aLine Terminator is normally sent
to the computer at the end of the Write Operation.
In this configuration, however, the TTY port inter-

face transmits one character (unpredictable as to
which character) prior to the Line Terminator. The
software must take this extraneous character into
account, or else the computer will not recognize
the Line Terminator.

Other System Features

Echoplex Suppression. The 4921/4922 Status
character is sent following a Send Status Control com-
mand (ESC 7 1). The meaning of each of the Status
character bits is as follows:

Bit 1 Disc 1 Ready

Bit 2 Disc 1 Write-Protected

Bit 3 Disc 2 Ready (in 4922 only)

Bit 4 Disc 2 Write-Protected (in 4922 only)
Bit 5 Parity or Checksum error.

Bit 6 Disc Error, Read or Write.

Bit 7 Redundant (Complement of Bit 6)

The 4921/4922 will issue the Line Terminator (one or
two user-definable characters) immediately following the
Status character.

The Terminal-to-Disc card will prevent the Terminal
from displaying this Status character unless the Terminal
is in Graphic Plot mode or the LOCAL switch is activated.
Only a Terminal Busy condition (TBUSY) will disable this
suppression. TBUSY is activated by any of the non-
printing characters BEL, BS, CR, HT, LF, US or VT; hence
one of these characters should be included in the Line
Terminator. Refer to Section 3 for information regarding
the setting of the Line Terminator.

NOTE

Local Echo or Computer Echo of one of the above
characters should be provided to prevent data
handling problems.

REV. A, JAN. 1976
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CONTROLS AND INDICATORS

The function of the controls and indicators on the
Flexible Disc Memory front panel (Fig. 1-4) are described
in the following section. These descriptions apply to the
Flexible Disc Memory as it is used in computer and
computer terminal environments.

POWER Switch and Indicator

The POWER switch applies power. The POWER in-
dicator illuminates when power is applied to the unit.

START Switch

When MANUAL READ or MANUAL WRITE is selected,
this switch starts data transfer beginning at the track and
sector address currently in the address register.

TERMINAL
suUsY

CURRENT TRACK FILE
UNSAFE RESET

PROMPT
MODE
TRACK BEGIN

-

MANUAL
READ

LOAD
ADDRESS

DISC
1
PROTECT

DUPLICATE

Fig. 1-4. Flexible Disc Memory front panel.
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When used with AUTO selected, the START switch
begins data transfer withouta DC1 or DC2, if the computer
or terminal has previously given a Read or Write com-
mand.

In the Duplicate mode (4922 only), depressing the
START switch while the DUPLICATE switch is held on
initiates disc duplication.

LOAD ADDRESS Switch

With AUTO selected, the LOAD ADDRESS switch is
inactive.

With MANUAL READ selected, the LOAD ADDRESS
switch loads the track address selected by the TRACK
BEGIN lever switches. It also enables the read circuitry so
that data transfer from the disc will begin (immediately in
Sector Mode or Transparent Mode, or when a DC1 is
received from the computer or terminal or the front panel
START switch is depressed, in Paper Tape Mode). Data
transfer begins at Sector 00 of the selected track.

With MANUAL WRITE selected, LOAD ADDRESS
loads the track address selected by the TRACK BEGIN
lever switches. It also enables the Write circuitry so that
data transfer to the disc may begin (immediately in
Transparent or Sector Modes when a DC2is received from
the computer or terminal, or when the front panel START
switch is depressed in Paper Tape Mode). Data transfer
begins at Sector 00 of the selected track.

TRACK BEGIN Switches

These lever switches determine the starting address for
a data transfer controlled from the front panel. The
address is accessed when the LOAD ADDRESS switch is
depressed. The track addresses which may be selected
are 00 to 63. If the lever switches are set toanumber larger
than 63, address 00 is accessed.

CURRENT TRACK Indicators

The CURRENT TRACK indicators display the present
track address. Note that if no data disc is installed in the
disc drive unit, the Read/Write head will not access the
track, but will as soon as a disc is installed.

1-7



Description—4921/4922 Users

Switch 1

Spare switch, available for specific requirements. Refer
to the Strappable Options information in Section 3.

Switch 2

Switch 2 is normally connected to enable Transparent
Mode, when depressed to the right; it may be changed
depending on user requirements. Refer to the Strappable
Options in Section 3.

TERMINAL BUSY Indicator

The TERMINAL BUSY indicator illuminates when the
computer or terminal is busy. The function of this
indicator may be changed depending on user re-
quirements. Refer to the Strappable Options in Section 3.

DISC BUSY Indicator

The DISC BUSY indicator illuminates when either of
the disc drive units is busy with a Read or Write operation.
The function of this indicator may be changed depending
on user requirements. Refer to the Strappable Options in
Section 3.

FILE UNSAFE Indicator

The FILE UNSAFE indicator illuminates as a result of a
disc drive fault. Data transfer is inhibited while the FILE
UNSAFE indicator is illuminated; the FILE UNSAFE
condition may be cleared by pressing the front panel
RESET button.

If the FILE UNSAFE indicator illuminates repeatedly
during attempted Read or Write Operations, a circuitry
failure that requires repair may be indicated.

DISC ERROR Indicator

The DISC ERROR indicator may light to indicate that
an error occurred during a Read or Write Operation.

During either operation, the DISC ERROR light in-
dicates that the Disc Error bit of the status character is set.
The condition may be reset by pressing the front panel
RESET button, by a program reset command, or by an
inquiry for status. When the Status Character is sent, the
Disc Error bit of the Status Character is reset.

RESET Button

Pushing the front panel RESET button resets the
Flexible Disc Memory to Paper Tape Mode unless
Transparent Mode is switch or strap selected. In addition,
any error conditions (Disc Error, File Unsafe, Parity or
Checksum error, etc.) will be reset when this button is
pressed; any operation currently in process ceases.

1-8

PROMPT MODE Switch

When placed in the PROMPT MODE position, this
switch sets the Flexible Disc Memory unit to the Prompt
Mode subset of the Paper Tape Mode. Prompt Mode
operates only during Read operations. Refer to the
Operation section for a full description of PROMPT
MODE.

Manual-Auto Switch

This is a three-position switch that determines whether
a Read or Write Operation is to be controlled from the front
panel orunder program control. When the switch is placed
in the MANUAL READ position, all remote commands are
ignored except for DC1 (start read) and DC3 (stop read).
When in the MANUAL WRITE position, the only program
commands that can be accepted are DC2 (start write) and
DC4 (stop write). The AUTO position allows program
commands from the computer or terminal to assume full
control of the Flexible Disc Memory.

CLOSE FILE Button

The CLOSE FILE Button is used to terminate a Write
Operation. Any data that remains in the buffer is written
onto the disc. Any unfilled positions in the data buffer are
written onto the disc as NUL’s and the Write Operation is
terminated. An end-of-file signal is automatically record-
ed on the disc. The CLOSE FILE button is enabled only
when MANUAL WRITE or Transparent Mode is selected.

FILE OPEN Indicator

This indicator lights during Write Mode. Giving a
CLOSE FILE command terminates the Write Operation
and extinguishes the indicator. Note that in Paper Tape
Mode, the indicator remains illuminated even after a DC4,
to indicate that the file has not yet been properly
terminated. In Sector Mode and during a Paper Tape Mode
Write Sector Operation, the light goes out after one sector
is written.

DISC 1/DISC 2 Switch

On the 4922, this switch is used to select which drive
unit is to be used when performing a MANUAL READ or
MANUAL WRITE from the front panel. This switch is
disabled when the 4922 is in AUTO; addressing is then
performed by software command. The DISC 1/DISC 2
switch should always be in the DISC 1 position in the 4921.

READY Indicators

The READY indicators illuminate when adisc cartridge
is contained in the associated disc drive unit, the door is
closed, the buffer is not busy Reading or Writing to the
disc, and the File Unsafe signal is not present.

REV. A, JAN. 1976










































































































